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X-RAY INTERACTIONS: PHOTOABSORPTION,
SCATTERING, TRANSMISSION AND REFLECTION
E = 50-30,000 eV, Z = 1-92 *

B. L. Henke!, E. M. Gullikson, and J. C. Davis
Center for X-Ray Optics
Lawrence Berkeley Laboratory
Berkeley, CA 94720

October 26, 1992

Abstract

The primary interactions of low-energy x rays within condensed matter viz. photoabsorption and
coherent scattering, have been described for photon energies outside the absorption ‘threshold regions by
using atomic scattering factors. The atomic scattering factors may be accurately determined from the
atomic photoabsorption cross sections using modified Kraniers—Kronig dispersion relations. From a syn-
thesis of the currently available experimental data and recent theoretical calculations for photoabsorption
the angle-independent, forward scattering components of the atomic scattering factors have been thus
semi-empirically determined and tabulated here for 92 elements and for the 50-30,000 eV region. Atomic
scattering factors for all angles of coherent scattering and at the higher photon energies are obtained
from these tabulated forward scattering values by adding a simple angle-dependent form-factor correc-
tion. The incoherent scattering contributions that become significant for the light elements at the higher
photon energies are similarly determined. The basic x-ray interaction relations that are used in applied ‘
x-ray physics are presented here in terms of the atomic scattering factors. The bulk optical constants
are also related to the atomic scattering factors. These atomic and optical relations are applied to the

" detailed calculation of the reflectivity characteristics of a series of practical x-ray mirror, multilayer, and

crystal monochromators. Comparisons of the results of this semi-empirical, “atomic-like” description of

. x-ray interactions for the low energy region with those of éxperiment and ab initio theory are presented.

*Submitted to Atomic Data and Nuclear Data Tables.
{Emeritus, present adress: 1324 Pear Tree Lane, Medford, Oregon 97504.
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Low Energy X-Ray Scattéﬁng

A >> atomic diameter
Single electron X Atomic
scattering amplitute scattering factor

A0, 2) = A P(O)] (1,0} + if,(A))

Figure 1: Deﬁning the Atomic Scattering Factor: the
amplitude scattered by an atom can be expressed

as a complex number, the atomic scattering factor

f = fi+ifs, times the amplitude that would be scat-
tered by a smgle Thomsonian electron at the same
position.

I. INTRODUCTION: DEFINING THE ATOMIC

SCATTERING FACTOR

In the low energy x-ray region the primary interac-
tions of x rays with matter are photoabsorption and
coherent scattering. Incoherent (Compton) scatter-
ing is significant only for the light elements at the
higher energies of interest here. At the atomic level
these processes may be accurately described using the
complex atomic scattering factors. See for example,
the comprehensive work of R. W. James, »The Opti-
cal Principles of the Diffraction of X-Rays” [1]. The

- atomic scattering factor, f = fi + ifs, is defined in

Fig. 1 as the factor by which one must multiply the
amplitude scattered by a single free electron to yield
the total amplitude coherently scattered by the par-
ticular atom. The scattered electric field from an
atom is therefore,

A=-4, —P(¢)f ' 1)

where A, is the incident electnc field, r is the dis-
tance from the atom to the observation point, ry is

* the classical electron radius (e?/mc?), and the po-

larization factor, P(¢) is unity for an incident elec-
tric field vector that is perpendicular to the plane of
scattering (o-polarization) and is equal to cos¢ for
an incident electric field vector that is in the plane of
scattering (m-polarization).  In the discussions that
follow, where we will be concerned with reflection
from atomic planes, the scattering angle, ¢, is re-
placed by 26 where 8 is the grazing angle of incidence
and refiection with a plane of atoms.

A description of the interaction of x rays with con-
densed matter may be obtained from the atomic scat-
tering factors if it can be assumed that the individ-
ual atoms scatter independently, i.e. unaffected by
the condensed state of the system. As will be shown
this is a good assumption for photon energies above
about 50 eV and which are sufficiently outside the

- absorption threshold regions. In this atomic descrip-

tion, the total coherently scattered amplitude is sim-
ply the vector sum of the amplitudes scattered by the
individual atoms.

For wavelengths that are long compared with
atomic dimensions and/or for the small scattering
angles (when the scattering amplitudes are in phase)
the atoms scatter as dipoles and the atomic scattering
factor becomes independent of the angle of scattering:
We define here this angle-independent dipole atomic
scattering factor limit as f1(0) +if2(0) with the fol-
lowing general expression for the atomic scattering
factor for all angles of scattering and for all photon
energies of interest here by the following relation:

F=fitifs=fi0) = Afo(8) +if2(0) (2)

where A fo(8) is an angle dependent correction which
results from the interference among waves scattered
from different parts of the atom and rapidly ap-
proaches zero as sin(#)/A becomes small. It will be
shown that A fo = Z — fo where Z is the atomic num-
ber and fo is the well tabulated atomic form factor.
It is the angle independent (forward) atomic scat-
tering factor components, f1(0) and f2(0), that are
tabulated here in Appendix B-1. In [2] we rélate our
definition and notation for the atomic scattering fac-

_tor to others given in the current literature. .

If the atoms within a condensed system may be
considered to scatter as dipoles (i.e. for long wave-

lengths and/or small scattering angles) an optical - -

E&M (OEM) description often may be applied to pre-
dict the scattering interactions. Then the interaction
of x rays with condensed matter may be described
using the optical constants such as the complex in-
dex of refraction n, which, as shown below, can be
related to the atomic scattering factors of the indi-
vidual atoms by

np=1-86 —zﬂ_l——/\zzanq(O) 3)

where n, is the number of atoms of type ¢ per unit
volume and f,(0) is the tabulated complex forward
atomic scattering factor for atom ¢. As will be dis-
cussed, defining optical constants for a given wave-
length and independently of scattering angle can be



done only for small scattering angles or for wave-
lengths that are large as compared with electron
density fluctuations associated with the atoms or
molecules that make up the scattering units.

In the first part of this report, Sects. II through
V, we review the basic atomic and optical scattering
relations that are most often needed in applied x-ray
physics and we define these directly in terms of the
atomic scattering factors. These equations describe
x-ray absorption, scattering, transmission and reflec-
tion as required in the design and application of x-
ray measurements, for example the characterization
of filters, mirror monochromators and Bragg analyz-
ers. A procedure for estimating the incoherently scat-
- tered background radiation from the light elements
at. the higher energies in terms of the atomic scat-
tering factors is also given. We then outline in Sect.
VI our semi-empirical approach for the calculation of
the atomic scattering factors and for our updated [3]
synthesis of the available experimental and theoreti-
cal photoabsorption data for the 10 to 30,000 eV re-
gion. This update is the basis of our scattering factor
calculations. Then, in Sect. VII, we present examples
of detailed comparisons between our calculated val-
ues and those of experimental measurement for x-ray
~ absorption and for mirror and Bragg analyzer reflec-
tion in order to demonstrate the accuracy of these
descriptions as based upon the appended scattering
factor tables for photon energies in the 50-30,000 eV
region. The characteristic broadened atomic pho-
toabsorption band structure at the very low energies
is noted and distinguished from that associated with
the condensed matter EXAFS in order to establish
the threshold limits for atomic-like scattering.

In Appendix A we present an outline of the devel-
opment and assumptions made in our modification
of the Kramers-Kronig dispersion relations and com-
pare the atomic scattering factors as calculated with
this semi-empirical approach with those of ab initio
theory. Also presented here are the relations that
have been applied for the incoherent scattered inten-
sity in terms of the of the atomic scattering factors.
We complete this report in Appendix B with the de-
tailed tabulation of our current “best fit” photoab-
sorption cross sections and atomic scattering factor
data, and with detailed calculations of the reflectiv-
ity characteristics of a series of practical x-ray mirror
and multilayer analyzers (synthetic and natural).

II. BASIC RELATIONS FOR SCATTERING
WITHIN CONDENSED MATTER

Generally we may predict the basic interactions
within condensed matter viz. reflection, absorption
and transmission by considering the system as a set
of parallel atomic, molecular or crystalline planes and -
summing the amplitudes that are coherently scat-
tered from these layers. The x-ray interaction within
the elementary layer is assumed to be sufficiently
small so that-a simple kinematical description of this
interaction may be made. However in summing for
the total interaction over the large number of layers
usually traversed by the incident x rays a dynamical
description is required which can account for all pos-
sible multiple reflections within the layer system. We
outline below how this approach can lead to simple
and precise analytical descriptions of the basic in-
teractions of reflection, absorption and transmission
involved in applied x-ray physics.

A. Reflection and Transmission by an Elementary
Layer of Atoms or Unit Cells; Defining the
Structure Factor

N

We describe first the amplitude that is reflected
from an elementary plane of atoms irradiated by a
parallel beam of x rays. The magnitude of the to-
tal reflected amplitude at a position, B, can be most
readily obtained by summing the amplitudes from the
Fresnel half-period zones around a central point, P,
as depicted in Fig. 2. These are bounded by ellipses
formed by the loci of points for which the path dif- -
ference to B is nA/2 greater than that for the central
ray, APB, where n is an integer order number for the
loci that form successively the set. of ellipses. It may
easily be shown that the major and minor axes of
these ellipses are given by:

nir

7 and b, = Vnar (4)

The areas of these annular zones are therefore con-
stant and equal to 77A/sin . However the amplitude
scattered from each successive zone is initially nearly
equal to that scattered by the central elliptical zone
and then these amplitudes slowly decrease as the zone
number, n, increases because the mean pathlength
and obliquity angle characteristic of all the scatter-
ing points within the successive annuli are increasing
(see, for example, [4]). The amplitude vector from
each successive half-period zone reverses thus requir-
ing that the summed amplitudes simply approaches

an =

Z.
=
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X-Ray Reflection
from a Thin Layer

1/2-Period Zone
Amplitude Addition

\
Al Az | Ag | As [ As | Ag >’
‘--- VT

A

ToTa = A2

Figure 2: The amplitude scattered from an atomic
. plane as determined by the Fresnel half-period zones

construction, where A is the source point and B is
the point of measurement. The total amplitude scat-
tered by all the zones approaches one-half that which
is reflected by the central zone, as suggested by the
vector summation diagram.

half that from the céntral zone (as depicted in Fig.
2). An integration for the total amplitude scattered

“from this central zone yields the result with a factor

of —i2/w times the number of atoms per unit area, m,
times the central zone area, wa;b;, times the amph-
tude scattered per atom at angle 26, A, (for a more
rigorous treatment for the scattering by a sheet of
atoms see, for example, the classic text ”X-Rays in

- Theory and Experiment” by A. H. Compton and S.
~ K. Allison [5]). Thus, we obtain for the amplitude,

measured -at B, reflected by an atomic layer of lat-
eral dimensions that are very large compared with
the x-ray wavelength

gy _2IAmA
B==trsnd 2 -

(5)

The factor of —i indicates that the phase of the ampli-

- tude reflected from an atomic plane lags 90 degrees

behind that of the amplitude, A, scattered by the
atom at position P.

N7

\ \ / /—
\ / —
S

'Y
d
.

Figure 3: Defining the multilayer: A periodic sys-
tem of layered structures that establish characteristic
groups or ”cells” -of atomic reflecting planes that are
parallel to the multilayer surface. Analyzer reflectiv-
ity is thus simply determined by the one-dimensional
distribution of scattering atoms within the cell.

Using equation (1) for the amplitude A scattered
by a single atom we have for the fractional a.mphtude
reflected by an atomic plane:

T‘oA

AB/A,,_z—P(zm A () N

If the atomic plane is comprised of different atoms,
with m, type ¢ atoms per unit area, we simply replace
mA in (5) by 3, myA,, obtaining for the reflection
by a composite a.toxmc layer:

AB——-z—Z mdy (D),

Note: If the atomic plane is not perfectly uniform
but rather includes inhomogeneities (e.g. ‘holes’ or
variations in atomic number densities), an average

value of 3 m,A4, may be used to accurately yield -

the reflected amplitude provided that the areal di-
mensions of the density fluctuations are small as com-
pared with those of the Fresnel zones, viz. wrA/sin 6.
This criterion can be useful in the modeling of non-
uniform systems, rough or diffused reflecting inter-
faces as has been discussed in [6].

Often x-ray interactions. within condensed matter

"may be considered to be with periodic layered struc-

tures such as in a crystal. Depicted in Fig. 3 is such
a solid with the layered structures that are parallel to
the sample surface (defined below as-a multilayer.)




Typically, for x-ray wavelengths, these elementary
Bragg reflecting layer systems may be considered as
‘thin,’ so that the incident amplitude at each atomic
layer of the system or cell is essentially the same and
the effect of multiple reflections within the thin el-
ementary layer system can be neglected. We may
then accurately sum the amplitudes reflected by this
cell of atomic planes which is periodically repeated
within the solid with a spacing of d, by simply the
kinematical vector sum, :

Ap = —z'———— Z mgAgexp (142, sinf/}), (8)

sin §

in which z, is the distance of the ¢-type atoms from
a reference plane and 47z,sinf/) is the phase shift
relative to the reference plane. Finally, we may re-
write (8), in analogy to (6), as simply

ToA

where FF = F; +1F, and is deﬁned as a structure
factor of a unit cell and M is the number of unit
cells per unit area, and M F is therefore equal to the
structure factor per unit area of the ‘thin’ periodic
layer system of spacing, d, and given by

MF = qufq exp (t4mz,sin6/X). (10)
¢

Combining these results we obtain the fraction of
the incident amplitude that is reflected, —is, and
transmitted, 1 — i, by a thin layer of M unit cells
per unit area. As indicated in Fig. 4, the fractional
amplitude that is reflected, —is, is given by

. . .To)
Ap/A, = —is= z—singMF(B)P(29) (11)
and where —io is given by
—ioc= z—MF(O) _ (12)
in which we have described the scattering in the for-
ward, transmitted direction by introducing the layer’s

structure factor per unit area, M F(0) for zero scat-
tering angles. Following from (10) this becomes: -

MF(0)=d3_nyfy(0) (13)
-

for a distribution of n, atoms per unit volume
of species-¢ and atomic scattering factor f,(0) =

F14(0) + £24(0).

(9)

INCIDENT REFLECTED
To 0 S='iSTO
llllIIIHHIml-lIIIHHTIII
/

TRANSMITTED
T=0l-ic)Ty -

EQR M UNIT CELLS/UNIT AREA OF STRUCTURE FACTOR, Fy +iFp,
AND OF AVERAGE ATOMIC SCATTERING FACTOR, T +T?2. F, (0)+ iF, (0)

MEOUNEAO) . rp MDD

-G =foh -
sing sin 8

P (26)
P(26) = 1 OR COS 20 FOR THE TWO POLARIZED COMPONENTS

Figure 4: Defining the fractional amplitude that is
reflected, -is, and that transmitted, 1 - i, kinemat-
ically, by a thin group or cell of atomic planes char-
acterized by its structure factor per unit area, MF.
F = F) + iF,, the unit cell structure factor and M is
the number of unit cells per unit area.

Note: For the calculation of the amplitude of the
radiation that is reflected or transmitted by the layer
of unit cells we have used F'(6) and F(0), respectively.
Hence the reflection and the transmission of a single
layer (or, as shown below, for the multilayer) depends
upon its composition, density and structure simply
through the quantity, M F, as defined here in (10)
and (13). '

The transmission of a single layer may also be ex-
pressed in terms of the complex index of refraction
n.=1-6—-18, as

. 2nd
T/To = exp(—-znrm) (14)
2wd . 27d ,
= exp(miga +iggg (i)

Because the m-teractlon parameter, o, for a single
layer is small compared to unity we may write for
the transmission of this layer

. . 2nd
T/T, = (1-io) exp(—z/\sine) (15)
~ exp(—i 2md io)
= T s g ’

Comparing (14) and (15) we obtain the equations
that relate the optical constants, § and g, to M F1(0)
and MFz(O),

2nd . s ToA
/\sm0( tif)=—o

ZMF(0)  (16)



Dynamical Reflection and Transmission

T and S; are fotal downward and upward amplitudes
atther™ layer of a large slab

T S
N e
srd ETro\

Difference Equatlons
S==is T, +(1~lo)e™S, ;4
T,.1=(1-ic)e T, ~Be 24§, ,
Figure 5: The self-consistent difference equations
that relate the downward and upward progressing
wave amplitudes, T and S, at the top of the rth and
the (r+1)th layers. (A is the phase shift through the
path between layers, A = 2xd/Asind.)

,1‘0) MFI(O) TOA

anflq(O) (17)

7'0/\

®
2

~ "°" B MFy(0) = zn, F24(0), (18)

B. Dynamical Reflection and Transmission w1thm a
Semi-Infinite Solid

\

We now apply the kinematical desériptions of the:

interaction with a thinr elementary layer system to de-
scribe the dynamical interaction within a system of a
large number of layers, i.e. a semi-infinite solid. We
adopt the difference equation description of Darwin
and Prins which is presented in detail in [5] and [1]
beginning with the two difference equations, as illus-
trated in Fig. 5, one describing the amplitude of the
total wave, S,, proceeding upward from the top of the
rth layer and the other equation describing the am-

" plitude, T7.41, of the total wave proceeding downward
to the top of the (r+1)th layer -

S, = —isT, + (1 —io)e "4 5,4, (19)

and

Ty = (1 —io)e AT, —i5e7245, ;. (20)

. In these self-consistent equations all possible multi-
ple reflection components in both the downward and
upward progressing waves are dynamically included.
Here —i5is the amplitude reflection ratio for the wave

reflecting from below a layer and is equal to —is for
the typical case of a symmetrical unit cell. The ad-
ditional phase difference between contributions from
successive layers of spacing, d, is’ A and 2A for the
transmitted and reflected waves respectlvely where A’

is given by ,
A =2ndsind/A. (21)

By\assuming a reasonable transmission law for the
downward and upward progressing waves within a
semi-infinite solid,

Try1 =215 Sr = -'cSr-{-ly (22)

‘one may then obtain without approximation, a solu-

tion of the difference equations (19) and (20) which
yields for the amplitude ratio, S, / Ta, from the sur-
face of a seml-mﬁmte solid

—is
— io)e—iA

S,/ T, = (23)

1-2z(1
where the transmission ratio per layer, z, is the solu-
tion of

Se~tA 4 (.1 —ig)%e™iA + e"A

= 2. (24)

2?24+1=]

The parameter z can be eliminated and a relatively
simple and accurate analytical expression for S,/T,
can be obtained from (23) and (24) for two important
general cases:

Case 1. Non-Bragg reflection for d/A small compared
with unity, and A = €. ~
Case 2. Bragg reflection region for which siné =
mA/2d and we may write

A =mr +e¢, (25)

where in either case, we assume that ¢ << 1. First
order Bragg reflection then corresponds to m = 1,

-second order reflection to m = 2, etc. Formally, non-

Bragg reflection (Case 1) then corresponds tom = 0

or a ‘zero order reflection.’

Substitution of A as expressed in (25) into (23) and
(24) leads to the Darwin-Prins result for S,/T,:

(0'+e):!:\/(a+c)2—s§

So/T, = (26‘)'

in which the plus or minus sigh is chosen so that
the modulus of S,/T, squared, i.e. I/I,, is less than
unity. And for z:

2= (=1)exp=y and n=4/e5— (0 (27) -



MODIFIED DABWIN-EMS (MDP) FOR N LAYERS
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Figure 6: Illustrating the superposition of partic- -

ular solutions of the Darwin-Prins model for the
semi-infinite multilayer to yield the reflected and
transmitted amplitude ratios for a finite multilayer
of N layers as are included here in a modified Dar-
win-Prins model.

where the sign is chosen for 7 such that it has a pos-
itive real part so that the wave is attenuated as it
propagates through the solid.

These general relations which describe in terms of
MF values both non-Bragg (d/A << 1) and Bragg
reflection (d/)A = m/2sin#) will be applied to special
cases of practical interest in Sects. III and IV.

C. Reflection and Transrmssnon for a Finite Slab of
N Layers :

We now derive the general equations for reflection
and transmission for a slab of finite thickness, ¢ = Nd,
in terms of the variables, S,/7T, and z, derived above
for the infinitely thick system. :

'

The amplitude reflection ratio at the Nth layer,
corresponding again to a boundary at a semi-infinite
solid must also be S, /T,, but now the downward pro-
gressing wave includes multiple reflection contribu-
tions from the N layers above this boundary which are
accounted for through the transmission per layer pa-
rameter, £. Therefore, the upward propagating wave
amplitude at the Nth layer must be S,z as depicted
in Fig. 6(A). In order to obtain the reflection ratio for
a finite multilayer of N layers, we need to eliminate
the boundary condition resulting from the effect of
the wave interaction of the infinite multilayer below
the Nth layer. Let us reverse the roles of downward
and upward waves in Fig. 6(A) by inverting the re-

flection geometry of (A) as shown in (B). Now by
multlplymg each boundary wave amphtude indicated
in (B) by the same constant factor, Soz® /T, we ob-
tain another consistent set of values for the boundary
wave amplitudes, as depicted in (C), with an incident
wave from below of amplitude S,z"¥ and which is now
identical to that in (A).

We next subtract, by a superposition, the two
boundary wave solutions depicted in (A) and (C), ob-
taining the resulting boundary amplitudes indicated
in (D) and with the net upward propagating wave
at the lower boundary equal to zero, the required
boundary condition for the finite slab of N layers. -

Finally, by (iividing each amplitude in (D) by the

" incident amplitude, To(1 — (S,/T,)?z?N), we obtain

the amphtude ratlo for reﬂectlon and for transmis-
sion,

1—g2N
Son/To = So/To [1 — (SO/TO)Z_:BZN] (28)
and | i N
Ton /T, = [1-(S,/T,)?%)=N (20)

1—(S,/T,)2z?N "~

D. Calculation of the Coherently Transmitted and .
Reflected Intensities

The reflected intensity will depend upon whether

* the radiation source is plane or elliptically polarized

(e.g., from synchrotron radiation sources) or unpolar-
ized (e.g., from a x-ray tube source). For example,
the general expression for the reflected intensity from
a semi-infinite mirror, multilayer or crystal analyzer

-may be written as

(So/To)o’

in which T, and Ty, are the incident amplitude com-
ponents that are polarized parallel and perpendicular
to the plane of reflection respectively. And, (S,/T,)x
and (S,/T,), are obtained from (26) by letting the
polarization factor P(26), in s and 3, be cos2§ or
unity respectively.

I=T2(So/To)n” + T2 (30)

For unpolarized radiation sources, the reflection in-
tensity ratio becomes simply

UL = 5[S/T + (ST ()

10



E. Estimation of the Incoherently Scattered
Intensities :

The basic interactions described above are the re-
sult of coherent scattering by atomic electrons that
remain in their initial, bound energy states and there-
fore the scattered energy of the photons is unchanged.
When, however, the photon energies are large com-
pared with the atomic binding energies the scatter-
ing electrons may recoil into higher energy -contin-
uum states and depending upon the scattering angle
the wavelength of the incoherently scattered radiation
is somewhat increased. This is defined as Compton
scattering.

In the discussions above we have calculated re-
flected and transmitted intensities by uniform solids
by summing first the amplitudes coherently reflected
" by planes of atoms from which the intensity is deter-
- mined. To calculate the intensity that is incoherently
scattered by this solid we must simply sum the inten-
sities from individual atoms considering that each will
scatter independently without any reinforcement of
the total intensity in a particular direction. Qutside

the angular regions of diffraction peaks the incoher-

ently scattered background radiations may become
~ very significant particularly for systems conta.ining
the lighter elements and at the hlgher photon energles
of interest here.

We now develop a formula for estimating the in-

coherently scattered intensity including that for the
important cases of back-scattering and of the back-
ground radiation in the vicinity of reflected maxima.
As depicted in Fig. 7 a parallel beam of x rays of in-
tensity I, is incident at angle 6 upon a uniform solid
sample of thickness ¢ and of ‘sufficient extent to in-
tercept this beam’s cross section S. The number of
incoherently scattered photons/sec that reach a de-
tector at scattering angle 28 and exit angle # is ob-
tained by integrating through the depth of the sample
the intensity contributions from differential layers of
thickness dz and area S/sin §. We shall assume here
that the effective scattering volume and the detector
window area are of sufficiently small extent that the
small solid angle accepted by the detéctor, A, is es-
sentially the same for all scattering atoms. (Because
incoherently scattered background is usually small we
consider single scattering only to be significant.) It
is also assumed at this point that the sample is com-
prised of the same atoms of atomic density of n atoms
per unit volume. As will be discussed in Appendix A
the differential cross section per unit solid angle for

Incoherent Scattering

Detection

Figure 7: Geometry for the estimation of the single
scattering contribution of incoherently scattered radi-
ation at angle 26 into a small solid angle AQ accepted
by the detector window and from a small sample vol-
ume of thickness, t.

incoherent scattering of unpolarized x radiation may
be given by the approximate relation:

1+ cos? 26

)(Z £212).  (32)

(E)inc = i‘o(

Here the first factor is the differential cross sec-
tion per unit solid angle for the Thomson scattering
intensity from a classical free electron (rp is the clas-
sical electron radius, e2/mc?). For polarized incident
beams (e.g. synchrotron radiation) the polarization
factor (1 + cos? 26)/2 may be replaced by unity or

‘cos? 20 when the incident electric vector is perpen-

dicular or parallel to the plane of reflection tespec-
tively. For the light elements at the higher photon
energies for which Compton scattering may become
significant the atomic scattering factor becomes equal
to f,, the well tabulated atomic form factor {7], [8].
fo 1s a function of sin /X which is equal to Z for for-
ward scattering or for low energy x rays and rapidly
approaches zero value for large scattering angles at
the higher photon energies [5] and [1]. -

The transmission factor at depth z for the incident
and exit paths within the sample may be given as
exp(—2u: 2/ sin 6) where py; is the linear attenuation
coefficient (defined below). The integral for the num-
ber of photons per second, N, that are incoherently

11.



scattered at angle 26 and to the detector becomes

I,nS do t .
N=mel@m )‘"CAQ /0 [exP(—2#1t2/ sin §)]dz
(33)
which yields for a sample of finite thickness, ¢,
N rgn 1+ cos® 26
= 5~ RIH(—F)
IS
x [1 — exp(—2pu1:t/ sin 6)] (34)

If there are more than a single type of atom com-
prising the sample then the two material quantities,
n(Z — f2/Z) and py;, are simply replaced by the fol-
lowing summations:

E-nq(Zq —ffq/Zq) and Enqmq (35)
q q .

where n,, Z,, f,, and p,, are the density, atomic
number, atomic form factor and total atomic cross
section for the g-type atom respectively.

Note: For monochromatic incident x radiation the
incoherently scattered. x rays at a given angle of
- scattering will have a somewhat broadened distri-
bution in wavelength centered at a slightly longer
wavelength than that of the incident radiation. This
shift in wavelength depends only upon the angle of
scattering, 28, and is equal to Ac(1 — cos 26) where
Ac = h/ me = 0.02426 A , the Compton wavelength.

For the hght elements and for photon energles that
are large compared to their electronic binding ener-
gies the total cross section for incoherent scattering
must be added to the photoabsorption cross section,
Ua, to yield the total atomic attenuation cross sec-
tion, p; as employed above to properly define x ray
beam transmission at the non-Bragg reflecting an-
gles. Generally the coherent scattering contribution
to the attenuation of a transmitted beam (extinction)
is negligible for the uniform absorber at non-Bragg
angles outside the small-angle total reflection region.
There can be sample structure dependent coherent
scattering of energy out of the transmitted beam di-
rection, for example, by non-uniformities such as by
small particles of holes, which would need to be con-
sidered as.a special case. Also there may be strong
coherent scattering extinction contributions to the at-

tenuation for special beam geometries, for example,:

in total reflection and in Bragg reflection (which will
be separately treated in the following Sects. III and
Iv). :
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The total incoherent atomic cross section is ob-
tained by multiplying the differential cross section
given above by the solid angle, dQ = 27 sin 20d(26)
and integrating from 6 equal to zero to /2. This
yields the expression,

w/2 : |
Tine = 2mr3 / dfsin 26(1 + cos® 20)(Z — f2/Z).
.Jo

(36)
Because the differential solid angle in this integral in-
cludes all scattering planes, this result is independent
of the polarization state of the incident beam.

The integral has been numerically evaluated using
an analytical expression for the form factor, f,, given
in ref. [8] yielding a table, presented in Appendix B-
2 for the incoherent cross sections (cm?/gram) for
the light elements, Z = 2 to 20, and for the photon
energies that are large compared to their electronic

binding, energies. Also the total cross section for at- -

tenuaton through uniform samples at non-Bragg an-
gles, py = pg + Oine, has been plotted (as a dashed
curve) along with the photoabsorption cross section,
g for the light elements, Z = 1 to 20, in Appendix B-
1. Again, this total cross section cannot include the
special extinction effects introduced by small angle
reflection or by Bragg or non-uniform sample diffrac-
tion.

III. NON-BRAGG DYNAMICAL REFLECTION.
AND TRANSMISSION

There are two often applied x-ray measurements,
foil transmission and small-angle mirror reflection,
that can be analyzed with equal accuracy using ei-
ther the E&M boundary value solutions or the atomic
scattering solutions given above. It is of ‘interest
to demonstrate the equivalence of the optical E&M
(OEM) and the modified Darwin-Prins (MDP) solu-

tions for these cases in which the scattering angles .

are small and/or the wavelengths are large and the
optical constants, § and 8, are therefore applicable.

A. Non-Bragg Reflection at Normal Incidence for a
Semi-Infinite Solid

We consider first the normal incidence reflection
from a smooth surface of a uniform semi-infinite solid
with the non-Bragg condition, d/A << 1, and there-
fore s = 5. With A >> d it follows that the scat-
tering factors are angle independent and the optical

%}



constants, 6 and B, may be defined as in (17) and
(18). And with (11) and (12) we note that |s| = |o].
Therefore, for normal incidence reflection and trans-
mission,
27d

s=a=—%%@+w) (37)
Now by multiplying the numerator and denominator
by (A/27d) in the normal incidence reflection ampli-
tude ratio, S,/T, given in (26) and letting eA/27d be
replaced by unity, we obtain to lowest order in 6§ and

ﬂ , . .
sdn=%w+w) (38)

This is in agreement with the familiar OEM Fresnel

reflection result, S,/T, = (n,—1)/(n,+1) since 6 and
B may be neglected compared with unity. The inten-
sity ratio for a normal incidence reflection, I/I,, (for
all polarizations of the incident beam) is obtained by
multiplying S,/T, in (38) by its complex conjugate,

'ﬁh=%$+Wy (39)

Again, since, for normal incidence, € = 2ndfA, re-
quiring that |s| << ¢ from (37), the value for the
transmission per layer within the semi-infinite block,
z, becomes from (27) with m =0

z=e" )y m= i(e + o). . (40)

B. Non-Bragg Reflection and Transmission at
Normal Incidence for an N-Layer System

1. Relating f2(0) and 3 to Photoabsorption Cross
Sections '

Since the optical constants, & and 3, are in the
range 102 to 10~° for the x-ray region, the ampli-
tude reflection ratio at normal incidence, S,/T,, is

‘noted from (38) also to be very small. The relations

(28) and.(29) for the reflection and transmission at

normal incidence for an N-layer system become (af-.

ter dropping second-order terms in S,/T,) and using
(38) and (40), ' :
Son [T (So/To)(1 - 232N)

6+2ﬂ . i e+o »
_2__(1_¢2N(+ )) (41)

 and

Ton [Ty = &N = e=iN(e+0) = e—i2TNd(1-6=iB)/
. (42)
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We confirm in (42) that the phase change upon pass-
ing through- an N-layer block is —2xNd(1 — §)/X.
By squaring the modulus of T,n/T, we obtain the
transmitted intensity ratio that defines the attenua-
tion cross sections, viz.

I/Io - c—41rﬂNd/A = e—p"t - e—pmm’ (43)

where the mass per unit area, m = pt where p is the
mass density, and we have introduced the mass ab-
sorption coefficient, g, = pe/p. We therefore find for
a perfectly uniform, non-Bragg transmitting foil sys-
tem, using (13), the relations for the linear absorption
coefficient, pg, '

e prm = 47X = ——=M F»(0)

= 20d) nefog(0) = D ngpag (44)
¢ q g

From the above MDP description of a non-Bragg nor-
mal incidence transmission through an ideally uni-
form absorber we obtain the result that:

f2g = Hag/2r0) ()
which is the basis for our determination of the fa

component of the atomic scattering factors from mea-
sured photoabsorption data assuming uniform non-

diffracting absorbers in which incoherent scattering

is negligible. This same relation between the atomic
scattering factor component, f,, and the atomic pho-
toabsorption cross section, p,, is derived in Appendix
A ‘using the Kramers-Kronig theoretical model.

Note: In the discussions that follow we will refer
to the mass photoabsorption coefficient as simply p.

2. Transmission Measurement of Photoabsorption
Cross Sections :

As will be described in Sect. VI and in Appendix
A the basic atomic scattering components, f3(0) and
f2(0) which are tabulated in this work have been de-
rived from the atomic photoabsorption cross sections.
These may be accurately determined from normal in-
cidence transmission measurements provided that the
sample is a uniform, non-diffracting distribution of
atomic or molecular scattering units. For such a sam-
ple the amount of coherently scattered energy out-
side the transmitted beam direction can be consid-
ered negligible and therefore a total measured cross
section per unit mass, y,, will be given by:

pe = (1/m)in(Io/I) = p + pine (46)



where m is the mass per unit area (gm/cm?) of the
. foil and p and p;y,. are the photoabsorption and inco-
herent scattering cross sections respectively. We may
then obtain the mass photoabsorptlon cross section

by:
= In(Io/I)/[m(1 + pine/ )]

where the correction for incoherent scattering,
Uine/p, may be obtained from the appended tables

(47)

for pine and u as has been discussed in Sect. II-E.

This correction is negligible except for the lightest
elements and higher photon energies.

t

of any unit cell asymmetry). And for small angle

reflection, essentially only forward scattering is in-

‘volved and therefore we may let s = § = o in (26)

Finally we can express this measured photoab-

sorption cross section, g, as a simple sum of the
atomic photoabsorption cross sections provided that
the atoms are absorbing independently of the con-
densed state of the absorber — which, as discussed
in Sect. VII, is usually the case for photon ener-
gies above about 50 eV and outside the absorption
edge thresholds. The measured mass photoabsorp-
tion cross section, p, may then be expressed by the

relation:
=Ny Z(wq#aq/Aq) (48)
q

where N, is Avogadro’s number and wy, A4 and pg,
are the weight fraction, atomic weight and atomic
photoabsorption cross section of the q-type atom
"within the absorber respectively.

Note: It is essential, for a given wavelength, that
energy not be diffracted out of the beam direction
and detector window as a result of sample structure
(e.g. crystalline or imbedded particles or holes of d-
spacings or dimensions comparable with the wave-
length). If sample uniformity is questionable, on-and-

off-axis large window detector measurements may be -

compared to a small window measurement that em-
braces only the collimated transmitted beam as a ba-
sis for estimating measurement error resulting from
diffraction effects.

C. Non-Bragg, Fresnel Reflection at Small Angles
for the Semi-Infinite Solid

1. Reflection from an Ideally Smooth Surface

We now apply (26) to the special case of non-Bragg
reflection at small angles of grazing incidence from a
perfectly smooth semi-infinite mirror surface with the
incident beam’s electric vector perpendicular to the
plane of incidence (o-polarization, with P(26) = 1).
Again, for d/A << 1 we may let s = 5 (independent
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and obtain
-0
€+ 0+ Vet + 20

So/T, = (49)

Multiplying the numerator and denominator of
(49) by Asin8/(2nd) we obtain, using (17) and (18),
the small angle reflection for a o-polarized beam in
terms of the optical constants, § and 8, which again
are applicable for this case of essentially forward scat-
tering:

6+iB
sin® 6 — (5 + if) +sin 61/sin® 6 — 2(5 + i)
(50)

Now from James [1] (see his Eq. 4.84) the optical
E&M Fresnel equation for small angle o-polarized
radiation reflection, S, /T, is:

S./T, =

sinf —

sin? 8 — 2(6 + iB)
sin® 6 — 2(6 + iﬂ)

So/T.

o

(51)

sinf +

Finally, to demonstrate the equivalence of this OEM
to our MDP result, (51) and (50), we multiply the nu-
merator and denominator of (51) by its denominator
and obtain identically (50). :

In [9], a derivation is outlined for the general rela-
tions for x-ray reflection and a convenient expression
is given for the reflected intensity of a o-polarized
beam, which is

L(6) _
I

p*(sin 6 — p)® + B2
pA(sin + p)? + 2

(52)
and for the ratio of the intensities reflected by the 7-
and the o-polarized beams,

I.(6) _
L(6) ~

where p is given by

p%(p — cosf cot 0)% + 32
p?(p + cosb cot 6)2 + 32

(53)

p? = (1/2)[sin% 9 — 26 + \/ (sin?6 — 25j2 +48?] (54)

With (30), (52), and (53) one may obtain the reflected
intensity, I, for incident beams of any polarization.
For example, for an unpolarized incident beam, I be-
comes:

I1=1,(1+I./1,)/2 (55)



Reflectivity curves have been calculated using the
relations given above for appropriate angles of inci-
dence and photon energies and are presented in Ap-
pendix B-3a for ten ideally smooth x-ray mirror sur-
faces: Be, C, Al, AlyO3, SiO3, Ni, Cu, Mo, Pt, and
Au. '

2. Effect of Surface Structure upon Mirror Reflec-
tivity '

Mirror surface structure may cause a significant
change in the shape of the total reflection cut-off re-
gion from that predicted by the Fresnel reflection de-
- scribed above. Such a change may represent an im-
portant source of error, for example, in the design
of mirror monochromators or in the experimental de-
termination from the reflectivity curve of f;(0) and
f2(0) (or equivalently, 6 and ).

Often the measured deviation from a Fresnel char-
acteristic cut-off with reflection angle or photon en-
ergy can suggest the nature of the surface structure
that caused it. We briefly review here methods for
.modifying the Fresnel reflection response for three
types of surface structure. '

1. The reflectivity may be calculated for the surface
or interface for which the density and/or optical con-
stants vary with depth. As noted earlier, if surface
roughness features are of areal dimensions that are
small compared with those of the Fresnel half-period
zones within a differential reflecting layer (see Sect.
II-A) their structure may be modeled as an interface
density that varies with depth. [10].

2. If the roughness structures are not ‘small as
compared with the Fresnel half-period zones, their

low-angle diffraction will broaden the Fresnel cut-off

characteristic [11], [12].

3. Often, as a result of its fabrication, a mirror
surface may have a cross section in the plane of re-
flection that may be Fourier analyzed as a sum of
sinusoidal waves of lengths that are very large as com-
pared to Fresnel zone dimensions. The specularly re-
flected amplitudes can be calculated for a sinusoidal
surface of a particular amplitude and length. A sum
of such reflection amplitudes can then be obtained for
the set of Fourier components that approximate the
surface waviness [12], [13].

IV. BRAGG REFLECTION AND TRANSMIS-
SION BY MULTILAYERS ‘

We define multilayers in this work as any periodic
system of layered structures that are parallel to the
reflecting surface, see Fig. 3. Nearly all practical
x-ray analyzers, natural crystals, Langmuir-Blodgett
(LB) and sputtered-or-evaporated (S/E) constructed

systems are multilayers as defined here. Hence the re-

flection by a semi-infinite multilayer may be described
by (26) and (27). And the reflection and transmission
of a multilayer of finite thickness may be described by
(28) and (29). These analytical solutions yield accu-
rate descriptions in the vicinity of Bragg reflection
profiles of orders m = 1, 2, 3 ... for the first, sec-
ond, third order etc. reflections —assuming that for-
the x-ray region the interaction parameters per layer,
|o] and |s|, are small compared with unity. (Note:
For practical analyzers, the interaction per layer is
necessarily small in order to have the participation
of a large number of reflecting planes to assure good -
spectral resolution, as discussed in [6].)

Inside the multflayer the angle of incidence and the

" wavelength at a plane of unit cells may need to be cor-

rected for refraction shifts. The angle after refraction,
¢’, and the modified wavelength, A’, which must be -
used in the description of the wave interference within
the multilayer’s unit cell (defined by the MF values),
are given by Snell’s Law, cos8/cos8’ =1—6 = A/X.
We use here only the real part of the refractive in-
dex, 1 ~ 8, because it can be easily shown that for
x-ray refraction effects the first order terms in 3 can-
cel. In our model description of multilayers in the
low energy x-ray region where refraction effects be-
come relatively large, we replace the ratio, sin@/),
which appears in the unit cell structure factor, F, by
sin# /). In terms of the optical constant; §, we may
easily obtain from Snell’s law the relation,

% .

sinf ~ siné
~ — - 2
sin® @

Mo

(56)

The basic analytical equations presented above re-
quire for a given photon énergy or wavelength only
the d-spacing and the unit area structure factor, M F,
for-their evaluation. A general expression for M F has
been given in (10). We now present specific examples
of the M F functions with appropriate parameteriza-
tion which may then be applied to yield efficient, an-
alytical, semi-empirical characterizations of practical
multilayers. '

15



COMPARING_@ AND OEM REFLECTIVITY
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Figure 8: Illustrating the equivalence of the Modi-
fied Darwin-Prins (MDP, solid line) and the Optical
E&M (OEM, dashed) descriptions for reflectivity in
_the small-angle Fresnel reflection region and in the
first, second and third order diffraction line profiles.

We have developed small-computer programs [14]
that_efficiently calculate the reflectivity characteris-
tics of multilayers defined by the MF parameters.
Also available are computer programs for the succes-
sive application of the Fresnel reflection equations at
each interface boundary within the multilayer (from
the last to the first) [15], [16], in order to obtain
the reflectivity characteristics using the optical E&M
(OEM) approach applicable when the layers may be
accurately defined by the optical parameters é§ and
B (e:g., for the longer. wavelengths and/or the small
reflection angles for which the form factor corrections

are negligible).

It 1s ne'cessa.ry to use the OEM and not the MDP
approach when the Bragg reflection occurs at very
small angles which requires values of the interaction
per layer parameters, o and s, that are not small

(90°)
)

0
1400 - 1571 1740

8(mn

Figure 9: Illustrating the equivalence of the Modi-
fied Darwin-Prins (MDP-solid line) and the Optical
E&M (OEM-dashed line) descriptions for low-energy
x-ray reflectivity in the near normal incidence angle
region for a first-order Bragg reflection from a W/C
multilayer.

angle and the first three orders of Bragg reflection as
calculated using our MDP and OEM small computer
programs for Cu-L (930 eV, 13.3 A) radiation from
30 double-layers of Tungsten-Carbon (14 A of W and
21 A of C) assuming sharp interfaces. In Fig. 9 we
compare the MDP and OEM calculated curves for
near-normal incidence reflection in first-order from
100 double-layers of Tungsten-Carbon (14 A of W
and 21 A of C) and for three wavelengths at and near
that for a ‘tuned’ maximum reflectivity. The MF
values used in these calculated plots were obtained
as described below.

"A. MF Values for Natural Crystal Multilayers

compared with unity as needed for an accurate MDP

solution. ‘In Appendix A of Ref. [6] we have shown
that the MDP results (26) through (29) accurately
describe Bragg reflection when the first order reflec-
tion angle, 61, is greater than about three times the
total reflection cut-off angle, 6.(~ \/_ 26).

It is of interest to compare the reflectivity curves
for the m = 0, 1, 2 and 3 regions as calculated by the
atomic (MDP) and by the optical (OEM) methods for
a case where both approaches are applicable -viz. for
a sufficiently long wavelength and with the first-order
Bragg reflection well outside the small-angle Fresnel
reflection region. In Fig. 8 we compare the small-

As noted earlier, most practical x-ray multilayer
analyzers involve unit cells that have a symmetry
plane so that the M F value is the same for a reflection
from above and from below the unit cell plane and
therefore s = 5 in the amplitude reflection equation
for S, /T, given in (26). In our M F results, which are
described below for natural crystals and Langmuir-

'Blodgett analyzers, we have assumed a symmetrical
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unit cell structure but we assure the reader that it
will be straightforward to modify these calculations
for the few cases for which the asymmetrical system
is of interest [6, 14]. For the symmetrical unit cell
we may rewrite (10) measuring z,/d’s from the sym-
metry plane (thereby ehmmatmg the odd sine terms)



MF=M qufq cos(4rzgsinf/A) - (57)
7 :

in which M is the number of unit cells per unit area

and g, is the number of atoms of type ¢ within the .

unit cell with coordinate 2, measured from the sym-
metry plane. ‘ '

This one-dimensional distribution of gq at 2, may
be obtained from crystallographic data using the fol-
lowing three geometrical relationships. For z,/d:

zg/d = hay + kyy + 1z, - (58)
For the unit cell volume: |

V = abe(l+2cosacosfcosy

—cos? a — cos? B — cos?y)H/?  (59)

" For the unit cell cross section area, V/d, or M~1:

(%—)2 = (hbesina)? + (kacsin §)? + (labsin 7)?
+2hk(abc?)(cos a cos B —Acos;y)
+2k1(a?bc)(cos Bcosy — cos )

+2lh(ab’c)(cos ¥ cos a — cos B) (60)

Here we have applied the conventional pa.rzimet_ers
which define the three-dimensional unit cell, viz. the
set of three vectors usually denoted a, b, and ¢ with

magnitudes a, b, and. ¢, having the included angles

a, f and v. The coordinates of the individual atoms

. relative to this basis set are usually designated 2’, 3/

and z' (2’ is usually different from z as used here).

" The specific crystal planes being uséd are speci-
fied by their Miller indices (h,k,1}). Note: For crystals
having a hexagonal unit cell, often four-component
Miller indices are given; this notation may be con-
verted to Miller indices as applied here by neglecting
the third component. A constant may be added to
z4/d to make z = 0 correspond to a symmetry plane.

Generally it is necessary to search the crystalio-
graphic literature to find these coordinate values. A
good source of such data is Crystal Structures by
Wyckoff {17]. For further help in understanding the
notation used, and for a good general reference, see
the International Tables for X-Ray Crystallography
[8]. Finally, for a very helpful consistency check, the
mass density of the assumed unit cell should be cal-
culated and compared with the bulk density of the
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crystél. Bertin [18] has published values for d for

" many practical x-ray analyzing crystals.

In Appendix B-3b we have applied the models de-
scribed above to a set of 21 practical natural crystal
analyzers. The integrated reflectivity is calculated
for both the perfect crystal (DP model) and the mo-
saic crystal (kinematical model described in Sect. V).
The measured integrated reflectivity generally falls
between these two extremes. The widths and peak
reflectivities are also presented for & and 7 polar-
ized incident beams for the perfect crystal model. It
should be noted that the real crystal may yield sub-
stantial differences from these diffraction profile pa-

- rameters depending upon its imperfections (to which,

however, the integrated reflectivity is relatively insen-
sitive). '

Only for the natural crystals having the smallest
d-spacings as required for the reflection of the short
wavelengths, the peak reflectivities may also be signif-
icantly diminished by the effect of thermal vibrations
of the crystal lattice. This temperature dependent °
reduction of peak intensities is given by the Debye-

‘Waller factor (<f [1] or [19]).

B. MF Values for. the Langmuir-Blodgett (LB)

. Multilayers

The Langmuir-Blodgett (LB) multilayers are
constructed by successively depositing N mono-
molecular layers of typically a Lead or Barium salt of
a straight-chain fatty acid upon a smooth substrate

'~ (e.g., float glass or silicon wafer). The resulting mul-
‘tilayer has a periodic structure comprised of thin dou-

ble atomic layers of the heavy cation (e.g. Pb or Ba) -
separated by the low density, long carbon-chain ma-
trix providing the desired high x-ray scattering ‘con-
trast’. The d-spacings are set simply by the choice
of the straight-chain fatty acids that can be success-
fully applied for constructing high quality multilayer
analyzers. These are, according to our experimental

results, in the 35 to 80 A d-spacing range. (The layers

are deposited as the substrate is ‘dipped’ in and out of
a water surface on which the insoluble monomolecular
compressed layer of the fatty acid salt has been es-
tablished. The special method, equipment, chemistry
and experimental evaluation have been described in.
detail in [6].)

The chémical formula for a salt of a straight-chain
fatty acid with the required bi-valent cation (such as
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Figure 10: Defining the unit cell for a Pb salt of
a straight-chain fatty acid, [C H3(C H2),(COO))2 Pb.
We have measured the d-spacing for the multilayers
generated as salts of the fatty acids to be approxi-
mately 2.50(n + 4).

- Pb) may be written:
[CH3(CH2),COO],Pb

where n is the number of CH; groups between an end
CHj; group and the carboxylate. We have measured
the absolute spacing of multilayers generated from a
series of fatty acids and have found that the d-spacing
may be closely predicted for a given value of n by:

" d=250(n+4)A (61)
which establishes the projected spacing between the
C H, groups along the molecule z-axis to be 1.25 A.
We have used available crystallographic data on fatty
acids and on the carboxyl groups to assign positions
" for the other atoms in the fatty acid molecule.

We have applied (57) and the d-spacings indicated
in Fig. 10 and have varied the area density, M, of the
molecules in order to semi-empirically fit measured
integrated reflectivity data for a series of molecular
multilayers in the 35-80 A d-spacing range. Generally
the fitting precision through several diffraction orders

was well within experimental error limits. The unit .

cell area, 1/M, (the molecular cross section) was de-
termined by this fitting procedure to be about 20.5
A2

-

C. MF Values for the Sputtered-or-Evéporated
(S/E) Multilayers

4
X Layer X
v
3
X-Y Interface T
d X
Y Layer Y
Y-X interface T
v Y

Figure 11: Defining the geometry of a sput-
tered-or-evaporated (S/E) multilayer’s periodic lay-
ered structure (cell) of total thickness, d. X and Y
are the thicknesses of the pure ”light” and ”heavy”
layers respectively. T7 and T, are the thicknesses of
possible interface transition regions.

The deposition of multilayers by sputtering of peri-
odically heavily and lightly scattering layers can gen-
erate a significantly asymmetric interface structure in
the unit cell system: For example, the extent of the
interface penetration region resulting from sputter-
ing of the light ions into the preceding heavy layer is
normally less than that resulting from sputtering the
heavy ions into a light layer. This geometry is de-
picted in'Fig. 11, defining X and Y as the thicknesses
of the pure ‘light’ and ‘heavy’ regions and 77 and T»
as the thicknesses of the possible transition regions at
their interfaces. In order to calculate the M F value
for this system, we now express the summation given
in (10) by an integral:

MF=Y" / ny(2)foexp (idnzsin@/X) dz  (62)
g v° ’

in which n,(2) is the number per unit volume of
atoms of type ¢ at position z from a given reference
plane and having an atomic scattering factor f;.

We present here a practical unit cell model and its
corresponding integration of (62), which we have de-
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scribed as the ‘linear transition’ interface model dis-
cussed in detail in ref. [6] (see [20]). We define the
number densities nz,, ny, and the atomic scattering
factors, fr and fy for the region X and Y. In the
transition interface regions, Ty and T, it is assumed
that the n. and ny densities vary linearly from their
values of nz, and ny, to zero. This simple linear
density variation allows a modeling of interdiffusion
(e.g. a linear approximation of an exponential drop in
the penetration densities) and/or interface roughness

[6] we have applied a procedure for the determination
of T7 and T5 from experimental integrated reflectivity
data for a series of practical sputtered multilayers.
With these values, detailed reflectivty characteristics

“were calculated for similar multilayers with optimized

(e.g. of structures that are small as compared with'
the dimensions of the Fresnel half-period reflecting
zones as noted earlier). In evaluating the integral in

(62) we have chosen the reference plane (z=0) in the
heavy Y-layer such that the integration is from -d/2
to +d/2 in order to simplify the resulting expressions

- for MF. This S/E model yields M F for a reflection
" of a wave from above this unit cell plane (needed to

define s in (26)),

“where A’ = 27dsiné’ /). For MF for the reflection

of a wave from below the unit cell plane (needed to
define 5 in (26), simply interchange T} and T3 in (63)
above.

- When the maulitilayer may-be modeied with T} =
T, =T, the umt cell is symmetric and MF = MF
becomes

nzofzd d?
OA/ (AI) + 2TA/2 (n:l:sz nyofy)

X {cgs[A'(Y +2T)/d] - cos(A’Y/d)} (64)

MF

And finally for multilayers with sharp interfaces we

"~ set T = 0 in (64) and obtain,

nzdfzd
Al

nyofyd

+ yAI!I

MF = [sin(A') ~sin(A’Y/d)] ..‘

sin(A'Y/d). | (65)

With the MF values given by these equations, the

. MDP equation (26) for S,/T, may be analytically

evaluated to determine for example the effect of T}
and T3 and of the ratio Y/X upon the reflectivity and
resolution of a multilayer type of given d-spacing. In

. MF = nzof,dsin(A_’)/A’ sa7(Meofe — nyofy)”
e—iA (Y +T14T3)/d 2A'T
_ i28'Ty/d ‘
X 2A'(T1/d) (1-e .) (63)
+ eiA (Y +T14T2)/d ) _’e_im%/d)]
28T

Y/X and d values for the appropriate photon energy
regions of application.

V. KINEMATICAL APPROXIMATION
RELATIONS FOR BRAGG REFLECTION

Many practical x-ray analyzers are not perfectly or-
dered and uniform as assumed in the derivation of the °
dynamical MDP solution (26) and as depicted in Fig.
3. For these systems the contributions of multiple re-
flections between reflecting planes can be significantly
diminished because of high absorption for the lower
energy x-rays, of rough or diffused interface bound-
aries and of an imperfect, mosaic multilayer struc-
ture. In order to include the effect of breaking up the
dynamical multiple reflections we introduce a factor
Kk in (26) at the term that exclusively introduces the”
dynamical multiple reflection contributions, viz. s§.
Then as k is varied from zero to unity the descrip-
tion varies from kinematical to dynamical. For the
nearly perfect crystal a more accurate description of -
the diffraction profile might be gained by choosing a

" value for  that is somewhat less than unity.

For the imperfect crystal description, letting & ap-
proach zero leads to integrated reflectivities (area un-
der the Bragg diffraction profile, R) that may more
accurately fit the measured values and are, indeed,
equal to those that are predicted also by the ide-
ally imperfect mosaic crystal model (see below). This
kinematical description cannot, of course, predict
the angular widths (e.g. the FWHM) into which
the diffracted energy is spread -because the measured

" diffraction line is additionally broadened by the im-

perfections of the particular Bragg analyzer and by
the instrumental resolution. Nevertheless we do ex-
pect that the relative total diffraction line intensity

. to be insensitive to the Bragg analyzer’s imperfec-
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tion and instrumental broadening effects. This inte-
grated reflectivity, measured by, R, is proportional to
the product of the peak height, I1(0)/I, and the full-
width-at-half-maximum (FWHM), w, for_the diffrac-
tion line profile (defined in Fig. 12).

We now present the analytical equations for the
kinematical approximation description of the imper-
fect multilayer given by setting & equal to zero. Drop-
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Figure 12: Defining for the diffraction line profile the
peak intensity, 1(0)/Ip, the FWHM, w and the in-
tegrated reflectivity, R, (area under the diffraction
line).

. ping the s5 term in (26) leads to a considerably sim-
plified analytical expression for S,/T, , viz.: '

So/To = =s/[2(0 + €)]. (66)

In order to obtain the reflected intensity we will mul-
tiply the numerator and denominator in (66) by their
respective complex conjugates, that is

I/1, = |sP /(o + €)?
Using (11), (12), and (15) we obtain for |s|%:

o= 22 8 roe, (o
and for |(o + €)% we obtaln:
lo+¢2 = (27d/))? x |sinf — sin 6o — 63;?[2
~ (?_Z’i:"ﬁ)z x [(Af—~ m)z
B

% (68)

sind, cos 8,

where sind, = m)/2d. We have assumed that sin 6.

varies only a small amount from sind, through the
effective angular width of the diffraction line so that

. sin 6 — sin @, = cos 6,(A6)
where Af =6 — .

Now by. dividing (67) by (68) we obtain a
Lorentzian reflection intensity,

.I(a). _ Ry(w/27)

EET 9
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where o is the angle measured from the refraction-
shifted peak position and is given by,

(0o + 8/siné,cosb,). (70)

Note: The increase in the angle of Bragg reflection be-
cause of refraction is derived here to be §/sin 8, cos b,
which is also the result given by Snell’s law for x rays
to within first-order terms in § and S.

a=10-—

The integrated reflectivity, R, is defined in (69)
as the integral of this Lorentzian over the extent of
a diffraction line profile. After dividing (67) by (68)
we may obtain for Ry:

r2X3 P%(26,)

Re= 2p,d?sin 268,

%wI(O) |MF(60)12 (71)

For a polarized incident beam (as from a syn--
chrotron radiation source), the factor P(26) may be
replaced by -unity for o-polarization and by cos(28) '
for m-polarization. For an unpolarized incident beam
(as from a conventional x ray tube), the factor
P?%(26,) should be replaced by its average value, i.e.
(1 4 cos?26)/2.

The intrinsic FWHM, w,, follows from this kine-
matical approximation by

HeA
~ 27sind, cos b,

ped
mcosf,

(72)

Now if we can assume, with sufficient accuracy, that
the line broadening distributions for imperfection
structures and for instrumental collimation are also
Lorentzian, their fold with (69) simply yields another
Lorentzian distribution with the same integrated re-
flectivity, R¢, but with a lower peak intensity and
with a FWHM, w, given by the sum of the Lorentzian
FWHM’s, wo + Wy + w, where w,, and w, are the
imperfection (e.g. mosaic) and instrumental (e.g. col-
limation) broadening distribution FWHM widths.

Finally we obtain for the reduced peak reflectivity,
I(0)/1, = 2Ry /m(wo + wpm + we) (73)

Note: If either or both the imperfection and instru-
mental resolution broadening functions are signifi-
cantly better described as Gaussian rather than as
Lorentzian, the fold with (69) becomes a Voigt dis-
tribution for which an analytical approximation has
been described elsewhere [21]. -

Finally, we compare this kinematical approxima-
tion for the integrated reflectivity, R, with that ob-
tained for the ideally imperfect or mosaic multilayer,
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Figure 13: It is assumed that the mosaic 'rriultilayer
is broken up into thin, ordered ”crystal” segments,
each reflecting coherently and kinematically but with
a random phase relative to those from the other seg-
ments because of a small random variation in the seg-
ment’s orientation or d-spacing.

R,,. The mosaic multilayer is assumed to be bro-

. ken up into a-large number mosaic of small well-

ordered crystalline domains that individually reflect
coherently but with a random phase relationship with
the other reflecting segments of the multilayer. Con-
ventionally, the mosaic quality is attributed to crys-

Note: This invariant quality of the integrated re-
flectivity, R, (insensitivity to imperfection and in-
strumental broadening) suggests the importance of
designing quantitative measurements that are based
upon this diffraction line parameter. When, however,
a prediction of the diffraction line broadening by a
given Bragg analyzer, wy,, is required (e.g. for unfold-
ing overlapping spectra, or modeling interface struc-
ture) the effects of layer interface diffraction and/or
specular broadening as noted in Sect. III-C2 may
need to be included in the multilayer analytical de-
scription. See, for example, [22], [23] and [24]. Gen-
erally, however, an experimental calibration measure-

‘ment upon known isolated and sharp spectral lines of

the analyzer’s intrinsic FWHM is also required. See,
for example [21] and [6].

'VI. SEMI-EMPIRICAL CALCULATION OF THE

ATOMIC SCATTERING FACTORS AND
SYNTHESIS OF THE PHOTOABSORPTION
DATA '

tallites which are of small lateral dimensions as well -

as small thickness and with their reflecting planes
slightly and randomly deviating from being paral-
lel to the multilayer surface (see Fig. 13). As sug-
gested above, a diffraction line broadening will result
from the random orientation of the crystallites as well
as from the limited number of contributing reflecting
planes within the thin crystallites. Another type of
mosaic likely for S/E multilayers is that of stacking
within the slab of many thin independently scatter-
ing, essentially parallel layer systems with random
phase relationships because of random spacings be-
tween these regions and/or because of a region-to-
region variation of the d-spacings. It is easy to es-
tablish the integrated intensity reflected from an in-

‘dependently ‘coherently reflecting crystallite or thin

layer region using a simple kinematical calculation
(allowed because the absorption and multiple reflec-
tion effects are negligible for the small thicknesses
involved, (see James [1] beginning with his Eq.(2.2).)
In the derivation of the integrated reflectivity, R,

for the mosaic multilayer slab, the intensities (rather
than amplitudes) are summed through all angles and -

from all depths of the slab taking into account the

. reduction of the intensity to and from each segment,
"exp(—2pz/sinf). Here pg is the linear absorption

coefficient and 2z/sin 6 is the absorption path in to
and out from.the differential segment at depth =z

. within the multilayer slab as illustrated in Fig. 13.

This mtegrated reflectivity, R, is easxly shown to
be identical to Ry, that presented above in (71)
derived using the Lorentzian kinematical approxxma,-
tion of our MDP solution (26)

-
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Cromer and Liberman [25] have shown that the
relativistic quantum theory of x-ray dispersion does
yield the initial Kramers-Kronig semi-classical dis-
persion equation but with a small Z-dependent addi-
tive relativistic correction. In Appendix A we outline
the semi-classical derivation of a modified Kramers-
Kronig description which has been applied in this
work in order to identify the simplifying assumptions .
and approximations that have been made including
the small relativistic correction and the form-factor
correction for scattering at the higher photon ener-
gies. A satisfactory agreement of our approximated
dispersion relations with some of the ab initio theo-
retical descriptions of x-ray scattering calculated by
Kissel et al [26] is demonstrated.

These dispersion equations as used for our calcula-
tions for f;(0) and f,(0) are '

A0)=2"+C / ﬂd—‘ (14)

and .
f2(0) = §CE#a(E) _ (75)

where p,(F) is the atomic photoabsorption cross sec-
tion at the incident photon energy, E. The constant
C is equal to (mrohc)~! where rp is the classical elec-
tron radius, kA is Planck’s constant, and ¢ is the ve-
locity of light. The relation between f»(0) and the
photoabsorption cross section has been derived above



from an MDP description of foil transmission in Sect.
III-B as well as from the Kramers-Kronig description
in Appendix A.

In the limit of very high photon energies, f1(0) ap-
‘proaches Z*. In non-relativistic quantum mechan-
ics, it can be shown from the Thomas-Reiche-Kuhn
sum rule, that Z* = Z the atomic number. However
when relativistic effects are taken into account, Z* is
slightly reduced from the atomic number, Z (see re-
cent review by Smith [27].) The difference, Z —Z*, is
approximately equal to E;,;/mc? where E,; is the to-
tal atomic binding energy [28]. This correction Z—Z2*
is significant only for the high-Z elements.

. 'We have fitted the tabulated values of Z — Z* as a
function of Z from Kissel [26], to obtain '

Z*=Z —(Z/82.5)%%. (76)
This expression for Z* has been used in our evalu-

ations of Eq. (74) to obtain the values of f,(0) pre-
sented in the tables of Appendix B-1.

The anomalous dispersion integral term in (74) has

a significant value throughout the low energy x-ray
region, becomes very large and negative at the ion-
" ization thresholds, and approaches zero for the high
_ energy x rays. Because of the neglect of ‘damping’ in

its derivation (see Appendix A) and because the pho-.

toabsorption values near thresholds are strongly af-
fected by the condensed matter state (see Sect. VII),
f1 cannot be defined by (74) as an ‘atomic’ scattering
factor for photon energies near the absorption edges.

As described above, the atomic scattering factors
are based upon a knowledge of the photoabsorption
-cross sections through an extended energy region. In
order to obtain the best fit values for the photoab-
sorption cross sections we have made use of the avail-
able experimental measurements in the 10-10,000 eV
region, and for interpolating in the 10-1000 eV re-
gion we have used the recent theoretical calculations
of Doolen and Liberman that are based upon a rela-
tivistic, time-dependent local density approximation
which can account for the important collective ef-
fects which become large at these low energies [29].
The experimental photoabsorption data that we have
used include those described in works listed in the IN-
SPEC abstract files of the past ten years and those
which have been recently added to the comprehen-
sive NBS measured data base by Hubbell et al [30].
Best-fit determinations of the photoabsorption cross
sections, for 10-10,000 eV, were made relying on both

theory and measurements and interpolating across Z
for the many elements where few measurements were
available. For energies higher than 10 keV there are
several excellent syntheses of photoabsorption cross
sections [30], [31] and [32]. We have chosen that of
Biggs and Lighthill as based on essentially the same
experimental database [32], who have presented four
term polynomial fits in the (1/E) variable between
absorption edges. With our photoabsorption best-fit
values for the 10-10,000 eV region and those of Biggs
and Lighthill [32] for the higher photon energies, the
dispersion integral in (74) was numerically evaluated
to obtain f1(0) in the 50-30,000 eV region. For each
element, interpolated photoabsorption cross section
values were found at 600 points. In the vicinity of
absorption edges points were added just above and
below the edge energy where linear extrapolations in
log p vs log E to the absorption edges were applied as
an averaging through possible fine structure. A three-
term polynomial was calculated to fit successive sets
of our lower energy interpolated points, which then
permitted a direct integration of the dispersion inte-
gral for that energy interval. At higher energies, the
polynomial fit of Biggs and Lighthill [32], between 10
keV and the next absorption edge, was normalized
to match our value at 10 keV and then directly inte-

-grated. This upper limit, of 500 keV, was chosen to

be significantly above the highest K-absorption edge
of the elements considered (i.e. U, 115.6 keV). The
contribution to the integral for energies higher than
this can be readily shown to be insignificant.

As the atomic coherent scattering factors, f, that
are described above, approach simply the form-factor
value, f,, at the higher photon energies the atomic
incoherent scattering increases. As noted in Sect. II
E. and discussed further in Appendix A the amount
of incoherent scattering can be estimated from re-
lations based upon these atomic. coherent scattering
factors for the higher energies. In Sect. III-B2 the
required incoherent scattering correction of the mea-
sured attenuation cross sections in the determination
of the photoabsorption cross sections from foil trans-
mission measurements on the light elements at the
higher photon energies has been described and as has
been applied in our synthesis of the photoabsorption
database. :

VII. EXPERIMENTAL VERIFICATION OF
sATOMIC LIKE’ SCATTERING WITHIN
CONDENSED MATTER: THRESHOLD LIMITS

The methods that have been outlined above for ap-
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plying the atomic scattering factors to the description
of the basic x-ray interactions of particular interest in
the applied x-ray physics follow from the assumption
that in condensed matter interactions the x-ray scat-

tering by individual atoms is essentially unaffected
by the condensed state of the system. As described

in Section VI, for the x-ray region of interest here,
only then can both fi1(0) and f2(0) be determined
from the atomic photoabsorption cross sections. It is
therefore important to consider to what extent and
to within what limits the measured photoabsorption
in condensed matter is indeed ’atomic like’, i.e. with
cross sections that are independent of the condensed
state of the system. Generally it has been found ex-
perimentally that photoabsorption within condensed
matter is indeed atomic-like above about 50 eV ex-

cept in the energy regions near absorption thresh-

olds. (See, for example, the excellent monograph
by Berkowitz, Photoabsorption, Photoionization and

- Photoelectron Spectroscopy [33]). Note that an excep-
tion and an example of non atomic-like x ray scatter-

ing is by chemically bound hydrogen. For example,
throughout the low energy x ray region, the pho-
toabsorption cross section of molecular hydrogen is
about 2.6 rather than 2 times the atomic cross sec-
tion [34, 35]. We have chosen for our tabulated val-
ues those of atomic hydrogen based on its theoretical
values [29, 34] which are exact for this one electron
system (and as was tabulated in our 1982 compila-
tion.)

At energies near the absorption edges the photoab-
sorption cross section is found to depend on the chem-
ical environment of the atom since transitions are
to weakly bound excited states or to unbound shape

.. Tesonances giving rise to near edge x-ray absorption

fine structure (NEXAFS) [36]. At energies somewhat
higher than this there are weaker oscillations in the
cross section as a function of energy resulting from
the backscattering of the outgoing wavefunction of
the photoelectron (EXAFS) from neighboring atoms.
As will be noted in the following examples of experi-
mentally measured photoabsorption (including those

“presented graphically in Appendix BI at all energies)

the effects of the condensed state are significant only
at the lower energies of interest here.

As examples of the applicability and accuracy
of the atomic scattering factors that are tabulated
in Appendix B1, experimental total reflection and
Bragg reflection data are compared with those pre-
dicted by using the modified Darwin-Prins (MDP)
model relations given in Sects. III and IV along with

Atomic vs Condensed Matter Photoabsorption
Haensel et al. (1969)
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Figure 14: The comparison of measured photoabsorp-

tion cross sections (Haensel et al.) for Xenon in the

gaseous (atomic) and in the solid state in the low

energy x-ray region.

the modified Kramers-Kronig atomic scattering fac-

" tors tabulated here.

In Fig. 14 the photoabsorption cross sections are
plotted for Xenon in both the gaseous (atomic) and
solid states [37]. As can be seen, at least for the 65 -
150 eV region shown, the measured cross sections are
very similar for both states.

The ’atomic-like’ behavior of a a molecular ab-
sorption coefficient is illustrated with the measure-
ments of CO; from ref.[38] which are presented in
Fig. 15. Superimposed upon these data is an atomic-
like absorption spectrum for'CO, generated by sum-
ming the atomic photoabsorption cross sections for
neutral atoms of carbon and oxygen taken from this
work in Appendix B-1. Note that the measured ab-
sorption ¢ross section exhibits structure above both
the carbon-K and oxygen-K edges which is not in-
cluded in the atomic absorption.cross sections from
Appendix B-1.

Recently the absolute photoabsorption cross sec-
tions have been obtained from transmission measure-
ments on a selected series of foil systems, Beryllium
through Uranium using Stanford’s synchrotron radi-
ation source at SSRL [39]. Presented here in Fig. 16
and Fig. 17 aré examples of the data obtained for
amorphous carbon foil near its K edge and for nickel
foil near its L edge. Superimposed here are the atomic
photoabsorption data for these elements as compiled
and tabulated in this work.
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Figure 15: Experimental photoabsorption data for
the CO, molecule (Sivkov et al.) compared with a
plot calculated for the simple sum of atomic photoab-
sorpion cross sections taken from Appendix Bl.
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Figure 16: Comparing the measured photoabsorption
cross sections for a carbon foil around the K-threshold
region (delGrande) with those tabulated here in Ap-
pendix Bl.
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Figure 17: Compari/ng the measured photoabsorption
cross sections for nickel foil around the L-threshold
region (Del Grande) with those tabulated here in Ap-
pendix Bl.

Photoabsorption measurements provide a direct
measure of the fo component of the atomic scattering
factor. Reflectivity measurements vs angle or pho-
ton energy may be applied to determine the f; com-
ponent by fitting these measurements to the Fresnel
curves. An example of a reflectivity measurement is
presented in Fig: 18 for a Si(111) wafer at 1487 eV (Al
Ko)[40], the Fresnel reflection curve based upon our
tabulated f; and f, values is also shown. In Fig. 19
are presented the determinations of f; values from re-
flectivity measurements on mirrors of C, Si, Mo and
W. The measurements are those of Windt [41] ob-
tained using line sources in the energy region of 40-
1000 eV and Bartsch et al [42] for silicon obtained
at HASYLAB. The continuous curves in these plots
have been derived from our modified Kramers-Kronig
calculations of f; as tabulated in Appendix BI.

Finally we compare in Fig. 20 calculated integrated
reflectivities for Bragg reflections based upon the
modified Darwin-Prins model discussed above and
upon the fi- f2 values tabulated in Appendix B-1 with
the integrated reflectivities measured by Blake et al
[43] on the acid phthalate crystal analyzers in the
400-3000 eV region. ‘ :
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Flgure 18 Companng a measured reﬂectlon curve
around the total reflection cut-off region from a sili-
con (111) wafer with that predicted by the Fresnel
equations with the atomic scattering factors tabu-
lated in Appendix Bl. (The low angle cut-off is in-

strumental.)
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Figure 19: Comparing the f; values obtained by fit-

ting measured reflectivity data in the 50 - 1000 eV re-
gion (Windt) for mirrors of C, Si, Mo and W and from

Bartsch et al for Si (assuming bulk density) with the

f1 values derived from the modified Kramers-Kronig

relations and tabulated in Appendix B1.

Integrated Reflectivity (mrad)

01 .
1000 2000 5000

E(eV)
Figure 20: Comparison of the integrated reflectivity
(R) curves for the acid phthalate analyzers of potas-
sium, rubidium and thallium that have been exper-

imentally measured by Blake et al with those calcu- .

lated using the modified Darwin-Prins (MDP) model
and with the tabulated atomic scattering factors that
have been presented in-this work.

Computér Files

Computer files with fine spaced tables of the mass
absorption cross section, u, and of the atomic scat-
tering factor, f1(0) and f,(0) for Z=1-92 and E=50-
30,000eV are available from the authors (Lawrence
Berkeley Laboratory). :
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Factors, Comparison with Results of ab initio
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" In Sect. III-B2 we have related the f»(0) compo-
nent of the atomic scattering factor to the photoab-
sorption cross sections as determined by normal inci-
dence, non-diffracting uniform foil transmission mea-
surements. The assumption needed to establish this
empirical relationship, viz. that the x-ray scattering
within condensed matter is atomic-like and may be

accurately defined by atomic scattering factors except .

near threshold energies, has been justified by compar-
isons of atomic description and experiment as those
presented in Sect. VII. For the light elements at the
higher energies a correction for incoherent scattering
for the foil transmission measurements is required as
defined in Sect. IIIB-2 and the incoherent scattering
cross section is presented in terms of the atomic scat-
tering factors at the conclusion of this Section.

In Sect. VI we have described the determination of
the f1(0) component of the atomic scattering factors
as based primarily upon the measured photoabsorp-
tion data by the numerical evaluation of a modified
Kramers-Kronig dispersion relation for f;(0) given by
Eq. (74). We now present an outline of the develop-
ment of this equation along with a comparison of its
semi-empirically predicted f-values with those of the
ab initio S-matrix theory.

Classically the forced-oscillator solution for the
scattering of an electromagnetic wave of frequency,
w,, by a single electron bound to a nucleus and with
a resonant frequency of w yields an atomic scattering
factor (e.g. see [1], p. 137):

2

= (A1)

‘ w
w2 — w?) —inw,

f=
_ (
in which 7 is a radiation démping constant.

Semi-classically, a bound atomic electron (type g of
an, 1 - subshell) is not assigned a single equilibrium
position but rather is considered to be statistically
distributed in position about the nucleus with a prob-
ability density, [¢|?. It is assigned a corresponding
continuum of characteristic frequencies, w, with an
" associated differential oscillator strength (dg/dw)dw.
And under the interaction of an electromagnetic wave
of frequency, w,, the scattering factor for the q-type
electron is then given by the integral: '

®  2(dg,/dw)dw

we (W3 —w?) —ingw,

fq=

(A2)

in which wy is its threshold frequency. The thresh-
old energy, E,, is equal to hw,. It is convenient to
express (A2) in terms of the energy variables with

the incident photon energy, E, equal to hw, and the
damping constant 7; equal to A7, obtaining

C . [® E%*(dg,/de)de
o _./E, (E? —ezq)-z'q;E

(A3)

It is interesting to note that the formal modern
methods of relativistic quantum dispersion theory
(see, for example, Cromers and Liberman[25], Jansen
[44], and the reviews of Fano and Cooper[45] and
Smith[27]) yield the same result as (A3) except for
a small added relativistic correction term which is
included in our final modified Kramers-Kronig dis-
persion relations presented below and applied in this
work.

We now rewrite (A3) as the sum of two integrals

® (B2 = &)(dgy /de)de
/Eq (B2 ~¢e?) - i E

fq=

+ /°° €?(dg,/de)de
e, (- )=

Because 7,/ E-is very small as compared with unity
(see, for example, Parratt and Hempstead [46] ) the
first integral becomes simply equal to g,, the total os-
cillator strength of this electron in the n, 1- subshell.
gq is the high energy limit value of the f; scattering
factor. The remaining energy-dependent second term
in- (A4) expresses the anomalous dispersion compo-
nent of f, resulting from the effect of the electron’s
binding to the nucleus.

(A4)

The quantum mechanics formally yields a simple
relationship between the oscillator density, dg,/dw,
and the transition probability,  u,(E) for promoting
this g-electron to the ionization continuum, and for
photon energies just above the threshold energy, E,,
for promoting this electron into the higher bound
states of the atom —often with a subsequent ejection
of an Auger electron (called indirect photoionization).
This relation is '

dgy/de = Cpqle)

where C = (wrohc)~! = 0.9111 (eV A%)~! in which
ro, h and c are the classical electron radius, Planck’s
constant and the velocity of light.

(A5)

Note: Because the oscillator density and hence also
the transition probability, p,, have discrete values
for the bound state transitions we might have ap-
pended here a summation term to the dispersion in-
tegrals to account for the bound state contributions in
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the energy interval just above threshold, E,. Rather
we employ here a convenient alternative approach of
defining the oscillator density and the correspond-
ing partial photoabsorption cross section, p,, as con-
tinuous functions through this initial energy region
with average values that reflect the sum of the bound

- state transition oscillator strengths ~and therefore re-
- quiring only integral representations with integration

range of E, to infinity.

- We now express fq, using (A4) and (A5) and sepa-

‘'rating the real and imaginary components, fi4+1fz,

and obtain '
- ' €2(E? — e2)p,(e)de
fia = "q+C/ (B =+ (7
: ®© E d
fa = C 1, Eig()de (A6)

E, (E?— €)%+ (n E)?

Because n;/E is very small as compared with unity, it
is easily shown that the integral in the expression for
f1q in (A6) is essentially independent of the damp-
ing term except for photon energies near threshold,

E,. (See, for example, Parratt and Hempstead [46].) .

Therefore for the calculation of fi; at photon ener-
gies outside the threshold region we may apply the

~ simplified dlspersmn relatlon

fg=g,+C / ‘—L‘)‘ﬁ‘ (A7)

Similarly, fa, is essentially ihdep’endent of ng. The
integral for fz,-in-(A6) is significant only when the
integration variable € approaches E. Therefore, we
may replace the quantity (E? — €2) by 2E(E — ¢)- and
to within a very good approximation, we express fa,
in (AS6) as

C, . b .de -
Fag = Gy EM(E) [ . (A8
1= 3WEnE) [ v w49
which then directly integrates to
2(F - E,
AE-E)y

q

= BB +tam (A9)

Now for the incident energy E larger than E,; (and
since 7; /E & 1), f2q becomes _
fag = (1r/2)CEuq(E) if E> E,,

(A10)
foq=0 v if E < E,.

It remains now to sum the scattering factor contri-
butions from the total number of electrons, z,, in an

n, I- subshell and then from all of the subshells to ob-
tain the angle-independent atomic scattering factor,
f1(0)+:if2(0). As described earlier, this basic atomic
scattering factor, which we tabulate in this work, ap-
plies directly for the case of forward scattering and/or
for wavelengths which are large as compared with
atomic dimensions for which we may consider that
all of the electrons within the atom are scattering in
phase and an arithmetic sum of the components f;,

and fo, can be taken to yield the angle-mdependent‘

f1(0) and fz(O) components.

Using (A7) we obtain for f;(0)

f(0) = qu9q+cz:/ € qu‘q(é)de (Al1) -

€2

The relativistic quantum dispersion theory (see, for
example, Smith [27]) yields for 3=, z,9, the atomic
number, Z, mmus a small relatxvxstxc correction equal
to E¢ot/mc? (the total binding energy of the atomic

‘electrons / electron rest mass energy), i.e.

> 290=2" =2 — Beu/mc? (A12)
q o .

Beécause the relative effect of this Z-dependent rel-
ativistic correction term may usually be neglected
except possibly for the heaviest elements and near
thresholds, we include it in our tabulations of f;(0)
using a simple fit to recently tabulated values [26]

Euufme® ~ (2/825°%  (A13)

(Note The expression in (Al2) without the rela-
tivistic correction term, is the familiar semi-classical
Thomas-Reiche-Kuhn sum-rule result.)

Because the partial photoabsorption cross section,
Mg, has zero value for photon energies below E,, we
may take the summation inside the integral in (A11),
make the integration range zero to infinity and let
the >° zgpq be replaced by the total atomic cross
sectxon Ha, obtaining

A(0) =2 +C / M, (A14)

which is the result given in (75) of Sect. VI as our
basis for the semi-empirical calculation of the f;(0)
tables. As noted above, we have used an analytical
continuation of the p, curves to the thresholds which
average through the near absorption edge structures
and with a sufficiently accurate inclusion of the effect
of the bound state oscillator strengths upon f;(0) for
photon energies not close to the thresholds.
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We now, obtain an expression for the f2(0) com-
ponent for the case of forward scattering and/or for
wavelengths that are large compared with atomic di-
mensions by a simple summatlon of the fi, given in
(A10), yielding

f2(0) =

CEua. (A15)

Ezqf?q

It is interesting to note that this dispersion theory
result is identical to that presented above in III-B
for the semi-empirical determination of f2(0) based
upon a normal incidence, non-diffracting foil trans-
mission description using the modified Darwin-Prins
non-Bragg interaction model.

Next we outline the assumptions made in deriv-
ing a relatively simple procedure for determining an
atomic scattering factor for the higher energy photons
and/or for the larger angles of scattering. As dis-
cussed earlier, for the shorter wavelengths and non-
zero scattering angles the amplitudes scattered by

in which U(r) is the radial charge distribution for the
atom and the variable @ is equal to 4wsin8/A. The
value of f, is essentially equal to Z for sind/A < 0.05
A-! and for most elements it drops to about 0.9Z

for sinf/X = 0.1 A~! (e.g. for back-scattered 10 A

radiation).

By defining Z — f, as Af,, we may accurately cal-
culate the atomic scattering factor for the higher pho-
ton energies and for any scattering angles, using the
angle-independent f1(0) and f2(0) atomic scattering

factors that are tabulated here by simply the relation

the atomic electrons are not in phase and their ad-.

dition must take into account their spatial distribu-
tion about the nucleus. As James has pointed out
([1], pp. 145-6) a very good approximation for the
atomic scattering factor for the higher photon ener-
gies and/or large scattering angles may be obtained
by simply replacing Z in (A14) by the well tabulated
[8] form factor, f,, for the element of atomic num-
"ber, Z. f, approaches its maximum value of Z as its
argument, sin 6/, approaches zero and accounts for

“tic S-matrix theory of Kissel et al [26].

the angle-dependent diffraction by the atom’s charge:

distribution (usually assumed to be spherically sym-
metric).

. The assumption made in this approximation is that
in summing f1, and fo4, taking into account possible
phase differences associated with non-zero scattering
angles, only the high energy limit, Zq g4, needs to
- be a vector sum and the integral terms may be sim-
ply summed algebraically as has been already done
. above in deriving f1(0) and f2(0). This is because,
as noted earlier, the integral terms in fi, and fo,
have appreciable value only for photon energies near
threshold for which the corresponding wavelengths
are large compared with the dimensions of the active
g-electron orbitals and the relative phase differences
are negligible. The vector sum over a spherical charge
distribution may then be written for 3 -, z,g, (see, for
example, James [1] p.97.)

Sun=fo= [ U0

q

sin Qr

(A16)

Ty
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f=fitifs= 10)= Af, +if(0).  (Al7)

As a test of the validity of the assumptions and -
approximations that have been made in- establish-
ing the modified Kramers-Kronig dispersion relations
that we have used for the tabulations and applica-
tions that are presented in Appendix B we compare
plots of f; vs E for the scattering angles, 26 = 0,
90 and 180 degrees for several elements as calculated
by (A17) and by the ab initio second-order, relativis-
These are
presented.in Fig. Al. Here we have used for Af,
the analytical expression. given in the International
Tables for X-Ray Crystallography (8].

Finally, we estimate the magnitude of the inco-
herent scattering, viz. Compton scattering, which
may become significant in x-ray measurements at the
higher of the photon energies of interest here. As has
been reviewed in some detail by James [1] the total
intensity, coherent plus incoherent, that is scattered
by an isolated atom may be expressed in terms of
the electronic scattering factors, fq, with sufficient
accuracy for most applied x-ray physics (see, for ex-
ample, James’ recapitulation of incoherent scattering
formulae, ref. [1] p. 461). By neglecting the small ex-
change interactions among the atomic electrons, the
scattered intensity formulae from the quantum me-
chanics (e.g. Hartree-Waller eq.) reduces to essen-
tially those derived semi-classically (e.g. Compton-
Raman eq.) viz.: :

L = IT((Z fq)2 + Z(l - f:)) (A18)
q q ’

where Ir is the intensity scattered by the classical
Thomsonian electron if it alone were at the position
of the atom. As defined in Sect. Ithe }~, fqisequalto
the atomic scattering factor. We recognize the first
term, It f2 to be the intensity scattered coherently
by a single atom. (If the atoms are not isolated this



b 2n (2-30) 20m0

102 o 10° 100

Pb (2-82) 26=0

102 103 104

EEY

" Figure Al: Comparing the S-matrix theortetical f;
-curves of Kissel et al for the elements, Aluminum,

Zinc and Lead for scattering angles of 0, 60, and 180
degrees with those based upon f;(0) values tabulated
here in Appendix Bl and a simple angle-dependent
form factor correction as given in Eq. (2).

differential intensity Would be diffracted into an angu-

lar distribution as determined by the structure of the -

IV.) The second quantity, 3 (1— f2), is identified as
the remaining incoherently éompton scattered com-

ponent. By letting f, be replaced by its average value
for the higher energies, f,/Z, for the atom having Z

electrons and using the differential atomic cross sec-
tions for incoherent scattering to which I and Iy are

- proportional, a simple but usually sufficiently accu-

rate expression for the atomic mcoherent scattering

“becomes:

- (do/dRine (do/dVr(Z - 3/2)  (A19)

which is the apprommate relation that is used in Sect.
II-E in summing for the total incoherently scattered

.condensed matter as discussed in Sect. ITI through -
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TABLE 1. Photoabsorption Cross Section and Atomic
Scattermg Factors

&

E ' - Photon energy in electron volts (eV).
A Wavelength in Angstroms (A). _
u o . Photoabsorption cross section in cm?/gram. Experimental points are from

references listed at bottom of each page. The total cross section, y: =
ft + Ginc, has also been plotted as a dashed curve for elements Z=1-18.

Ha - Photoabsorption cross section in barns/atom (b).

f1 and fo - Atomic scattering factor components calculated from the photoab’sorption
' cross sections by Eqgs. (75) and (76) for forward scattering.

Atomic Weights (As currently recommended by the International Union of Pure and Ap-
plied Chemistry.) Used in determinination of listed conversion factors
[#a(barns/atom)/p(cm? /gm)] and [Ep/ fo)(keV-cm? /gram).

Lines Fifty characteristic, laboratory wavelengths; values from J.A. Bearden, Rev.

‘ Mod. Phys. 39, 78 (1967). (For origin of lines see, for example, Compton
and Allison, Ref (5], p- 630) Ko and La in Table I refer to Ka; and

B Lay. .

Absorption Edges For principal core level binding energies in the region 10-30,000 eV. The
values have been taken from J.A. Bearden and AF. Burr Rev. Mod. Phys
'39, 125 (1967) except as noted:

¢ M. Cardona and L. Ley, Eds., Photoemission in Solids I: General Prin- | e
ciples (Springer-Verlag, Berhn, 1978). '

b J.C. Fuggle and N. Martensson, J. Electron Spectrosc. Relat. Phenom.
21 275 (1980)

References . To References for Photoabsorption Data presented at the end of the Tables. A

B "7 References to photoabsorpion data used to generate fa by Eq. (76). Best-fit -
p curves are plotted as heavy lines (—). Experimental data are also plotted
and referenced for comparison. References to all reported photoabsorption
data studied for these fittings of y are presented at the bottom of the page
for each element. If no photoabsorption data were available for a given
element, its best-fit fo curve was obtained by interpolation or extrapolation
through Z.

31



Hydrogen (H)

o (barns/atom) = x(cm?/gm) x 1.67 . o ' Z=1
E(keV)u(cm?/gm) = f2 X 41745.51 : Atomic Weight = 1.008
Line E(eV) |p{cm¥/gm)| £ f2 A (A) o~
H 10.2 1215 ‘
He (I 211 | 1.24e+ 6 6.28e—1 | 587.6 ©
Na Lo 305 | 4.03e+5 2.94e—1 | 406.5 : P
Mg Lz 49.3 | 9.85¢+ 4 1.16e—1 | 251.5
Al Lo 72.4 | 310e+4 | 1.05 | 5.38e~2 | 171.2 _ L
Si- Las 91.5 | 1.52¢+4 | 1.04 | 3.32¢~2 | 135.5 ha
Be K ©108.5 | 8.95e+3 | 1.03 | 2.33e—2 | 114.3
Sr Mc¢ 114.0 | 7.68¢e+3 | 1.03 | 2.10e—2 | 108.8 g
Y M¢ 132.8 | 478e+3 | 1.02 | 1.52e—2.| 934
Zr M(¢ 151.1 | 319e+3 | 1.02 | 1.15e—2 | 821
B Ka 183.3 | 1.73¢+3 | 1.01 | 7.58¢~3 | 67.6 o
Mo M(¢ 192.6 | 1.47e+3 | 1.01 | 6.80e—3 | 644
CAr Le¢ 2201 | 962¢+2 | 1.01 | 5.07e-3 | 563
C Ko 277.0 | 461e+2 | 1.01 | 3.06e—~3 44.8 ©
Ag Mc¢ 311.7 | 316e+2 | 1.01 | 2.36e—3 | 39.8 N
N Ko 392.4 | 1.49e+2 | 1.00 | 1.40e-3 | 31.6 e
Ti L« 452.2 | 934e+1 | 1.00 | 1.01e—3 | 27.4 o
V Lo 511.3 | 625e4+1 | 1.00 | 7.65e~4 | 24.2 =
0 Ka 524.9 | 573e+1 | 1.00 | 721e—-4 | 236 o
Cr La 572.8. | 4.31e+1 | 1.00 | 5.91e—4 | 21.6 - 2
Mn Lo 637.4 | 3.03e+1 | 1.00 | 4.63e—4 | 195 o
F Ko 676.8 | 2.48¢e+1 | 1.00 | 4.02¢— 4 | 183 =
Fe Lo 705.0 | 2.17e4+1 | 1.00 | 3.66e— 4 17.6 D
Co La | 7762 | 1.57e+1 | 1.00 | 2.93¢e~4 | 16.0 =
Ni Lo 851.5 { 1.16e+1 | 1.00 | 2.36e~4 | 146 s
Cu La | 9207 | 864¢+0 |1.00 | 1.92¢-4 | 133
Zn La | 10117 | 652¢e+0 | 1.00 | 1.58e~4 | 12.3
Na Ko 1041.0 | 5.93e+0 | 1.00 | 1.48¢—4 11.9 o)
Ge La 1188.0 | 3.82¢+0 | 1.00 | 1.09¢e— 4| 104 S ;
Mg Ko 1253.6 | 3.20e+ 0 | 1.00 | 9.60e—-5 9.9 g
Al Ko 1486.7 | 1.80e+0 | 1.00 | 6.41e~5 8.3 | = o E
Si- Ka | 1740.0-]-1.06e+0 { 1.00 | 4.43e—5 7.1 S o
Zr Lo 2042.4 | 619e~1 |'1.00 | 3.08e= 5 61 ] a-
Mo Lo 2293.2 | 418e—1 | 1.00 | 2.30e—5 5.4 £ Qe
Cl Ka | 26224 | 265e—1 | 1.00 | 1.66e-5 47 L e
Ag Lo 29843 | 1.70e—1 | 1.00 | 1.22¢-5 4.2 S
Ca Ka | 3691.7 | 820e—2 | 1.00 { 7.25e- 6 34 j=)
Ti Ko 45108 | 4.13e—2 | 1.00 | 4.46e—6 2.7 °
V Ko 4952.2 | 3.00e—2 | 1.00 | 356e—6 | 25 o
Cr Ko 5414.7 | 2.22e—2 | 1.00 | 2.88e~6 2.3 10 100 1000 10000
Mn Ko 5898.8 | 1.66e—2 | 1.00 | 2.3¢e—6 | 2.1 E (V)
Co' Ko 6930.3 | 9.58¢~3 | 1.00 | 1.59¢—6 1.8 )
Ni Ko 74782 | 7.40e—3 | 1.00 | 1.33¢—6 1.7

Cu Ko 8047.8 | 5.76e—3 | 1.00 | 1.11e— 6 1.5
"Ge Ko 9886.4 | 2.85e—~3 | 1.00 | 6.76e~ 7 1.3

Y Ko 14988.0 | 6.79¢e— 4 | 1.00 | 2.44e—-7 0.8
Mo Ka 17479.0 | 3.98¢—~4 | 1.00 { 1.67e—7 0.7
Pd Ko« 21177.0 | 2.04e—4 | 1.00 | 1.083e~ 7 0.6
Sn K« 25271.0 | 1.10e—4 | 1.00 | 6.67e—8 0.5

Edge Energies
K - 136eV

Xe Ko 29779.0 | 6.26e—5 | 1.00 | 4.46e—'8 0.4

References: 19, 111, 143, 150, 161.
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pao(barns/atom) = u(cm?/gm) x 6.65

E(keV)u(cm?/gm) = f2 x 10512.72

Line E(eV) |p(cm*gm)| 1 2 A (A)
H 10.2 | 5.64e+ 6 5.47e+0 | 1215
He (I1) 21.1 | 1.56e+ 6 3.13¢+ 0 | 587.6 |
Na Lz | ~305 | 812e+5 2.35¢+0 | 4065
Mg L3 493 | 3.21e+5 1.5le+0 | 251.5
Al Las 72.4 | 1.37e+5 | 2.25 | 9.4le—1 | 171.2
Si Lo 91.5 | 7.98¢+4 | 2.28 | 6.94e—1 | 135.5
Be K 108.5 | 5.20e+4 | 2.28 | 5.36e—~1 | 114.3
Sr M(¢ 114.0 | 4.54e+ 4 | 2.27 | 4.92e—1 | 108.8
Y M¢ | 1328 | 2.96e+4 | 2.25 | 3.74e—-1 93.4
Zr M¢ | 1511 | 2.02e4 4 | 2.23 | 2.90e—1 | 82.1
B Ko« 183.3 | 1.15e+4 | 2.18 | 2.0le—1 67.6
Mo M(¢ 192.6 | 9.98¢+ 3 | 2.17 | 1.83e~1 64.4

.| Ar L¢ 220.1 | 6.76e+ 3 | 2.15 | 1.42¢—~1 56.3
| C Ko 277.0 | 3.34e+4+ 3 .| 2.11 | 8.79e~ 2 44.8
‘Ag M(¢ 311.7 | 2.32¢+3 | 2.09 | 6.88e—2:| 39.8
N Ko 392.4 | 1.14e+3 | 2.07 | 4.25¢-2 31.6
Ti La 452.2 | 7.28¢+2 | 2.05 | 3.13e—2 27.4
V La 511.3 | 4.94e+ 2 | 2.04 | 2.40e—2 24.2
0 Ko 524.9 | 4.55e+2 | 2.04 | 2.27e~2 23.6
Cr Lo . 572.8 | 3.45e+2 | 2.04 | 1.88¢e~2 21.6
Mn Lo 637.4 | 2.46e+2 | 2.03 | 1.49¢— 2 19.5
F Ko 676.8 | 2.01e+2 | 2.03 | 1.29¢- 2 18.3
Fe L« 705.0 | 1.78e+2 | 2.03 | 1.19¢—-2 17.6
Co Lo 776.2 | 1.31e+2 | 2.02 | 9.67e- 3 16.0
Ni Lo 851.5 | 9.73e+1 | 2.02 | 7.88¢-3 14.6
Cu Lo 929.7 | 7.39e+1 | 2.02 | 6.53e— 3 13.3
Zn Lo 1011.7 | 5.68e+1 | 2.01 | 5.46e~ 3 12.3
Na Ko 1041.0 | 5.18¢e+ 1| 2.01 | 5.13e—3 11.9
Ge Lo 1188.0 | 3.40e+1.| 2.01 | 3.84e=3 10.4
Mg Ko 1253.6 | 2.86e+1 | 2.01 | 3.4le—3 9.9
Al Ko | 14867 | 168e+1 | 2.01 | 2.37e-3 ‘8.3
Si- Ko | 1740.0-|-9.99¢+ 0 | 2.01 | 1.65¢e— 3 7.1
Zr Lo 20424 | 5.84e+0 | 200 | 1.13¢—3 [ 6.1
Mo Lo 2293.2 | 393¢+0 | 2.00 | 8.58e—4 5.4
Cl Ka 2622.4 | 2.47e+0 | 2.00 | 6.17e— 4 4.7
Ag La 2984.3 | 1.58¢+ 0 | 2.00 | 4.47e— 4 4.2
Ca Ka 3691.7 | 7.48e—1 | 2.00 | 2.63e~ 4 3.4
Ti Ko 4510.8 | 3.74e—~1 | 2.00 | 1.6le— 4 2.7
V Ko 4952.2 | 2.72e—1 | 2.00 | 1.28¢—~ 4 2.5
| Cr Ka 5414.7 | 2.0le—=1 | 2.00 | 1.03e—4 2.3
Mn Ko 5898.8 | 1.50e~1 | 2.00 | 8.41e—5" 2.1
‘Co Ka 6930.3 | 8.69¢e—2 | 2.00 | 5.73e-5 1.8
Ni Ko 74782 | 6.72¢~2 | 2.00 | 4.78¢ -5 1.7
Cu Ko 8047.8 | 5.25e—2 | 2.00 | 4.02¢e—5 1.5
Ge Ko 9886.4 | 2.63e~2 | 2.00 | 2.48¢—5 1.3
Y Ko | 14988.0 | 6.55e—3 | 2.00 | 9.33e—6 0.8
Mo Ko | 17479.0 | 3.90e— 3 | 2.00 | 6.48¢—6 0.7
Pd Ko | 21177.0 | 2.08¢e—3 | 2.00 | 4.19¢—- 6 0.6
Sn Ko | 25271.0 | 1.12¢—3 | 2.00 | 2.70e—6 [ 05
Xe Ko | 29779.0 | 6.34e~4 | 2.00 | 1.80e~6 | 04

Helium (He)
Z=2
Atomic Weight = 4.003
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Edge Energies
K 24.6 eV*®

References: 11, 38, 46, 56, 78, 84, 88, 95, 111, 143, 162, 194, 209.
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ta(barns/atom) = u(cm?/gm) x 11.53
E(keV)u(cm?/gm) = f2 x 6062.27

Line E(eV) |u(cm?/gm)| £ f2 A (A)
H 10.2 | 6.99¢ + 4 1.18e— 1 | 1215
He (ID 21.1 | 3.93e+ 4 1.37e—1 | 5876
Na Los 305 | 2.25e+4 1.13e-1 | 406.5
Mg Lo’ 49.3 | 855¢+3 6.95e—2 | 251.5
Al Lggs 72.4 | 241e+5 | 1.36 | 2.88e+0 | 171.2
Si Las 91.5 | 1.91e4+5 | 2.53 | 2.88¢+0 | 135.5
Be K 108.5 | 1.13e+5 | 2.99 | 2.03e+0 | 114.3
Sr M¢ 114.0 | 1.02e+5 | 3.04 | 1.91e+0 | 108.8
Y M¢ 132.8 | 7.06e+4 | 3.20 | 1.55¢+0 | 934
Zr M¢ 151.1 | 5.11e+ 4 | 327 | 1.27e+0 | 82.1
B Ko 183.3 | 3.15e+4 | 3.32 | 9.53e~1 67.6
Mo M(¢ 192.6 | 2.76e+4 | 3.33 | 8.76e—1 64.4
Ar L¢ 220.1 | 1.94e+ 4 | 3.33 | 7.04e—1 56.3
C Ko 277.0 | 1.03e+4 | 329 | 4.7le-1 44.8
Ag M¢ 311.7 | 7.36e+3 | 326 | 3.78¢~1 39.8
N Ko 392.4 | 3.8le+3 | 3.21 | 246e—1 |  31.6
Ti Le 452.2 | 2.51e+3 | 3.18 | 1.87e—1 27.4
V La 511.3 | 1.73¢+3 | 3.15 | 1.46e—1 24.2
O Ka 524.9 | 1.60e+3 | 315 | 1.39¢-1 23.6
Cr La 572.8 | 1.23¢+ 3 | 313 | 1.16e—-1 21.6
Mn Lo 637.4 | 891e+2 | 3.11 | 9.37e~-2 19.5
F Ko 676.8 | 7.37e+2 | 3.10 | 8.22¢~ 2 18.3
Fe Lo 705.0 | 654e+2 | 3.10 | 7.60e—2 17.6
Co La 776.2 | 4.87e+2 | 3.09 | 6.24e—2 16.0
Ni Lo 851.5 | 3.66e+2 | 3.07 | 5.14e—-2.| 14.6
Cu L« 920.7 | 2.79¢+2 | 3.06 | 4.29e— 2 13.3
Zn Lo 1011.7 | 215¢+2 | 3.06 | 3.59e—~2 12.3
Na Ko 1041.0 | 1.97e+2 | 3.05 | 3.38¢— 2 11.9
Ge La 1188.0 | 1.31e+4+ 2 | 3.04 | 2.56e—2 10.4
Mg Ko 1253.6 | 1.11e+2 | 3.04 | 2.29e—2 9.9
Al Ko 1486.7 | 6.47e4+1 | 3.03 | 1.59e—-2 8.3
Si- Ko | 1740.0-}-3.92e+1 | 3.02 | 1.12e~2 7.1
Zr Lo 2042.4 | 2.43e+1 | 3.02 | 8.20e—3 6.1
Mo Lo 2293.2 | 1.6%+1 | 3.01 | 6.39¢e—3 5.4
Cl Ko 2622.4 | 1.11e+1 | 3.01 | 4.78¢-3 4.7
Ag Lo 2984.3 | 7.38¢+ 0 | 3.01 | 3.63¢e-3 4.2
Ca K« 3691.7 | 3.87e+0 | 3.01 | 2.35¢e—3 3.4
Ti Ko | 4510.8 | 2.10e+0 | 3.00 | 1.56e— 3 2.7
V Ke 49522 | 1.58¢+0 | 3.00 | 1.29¢-3 2.5
Cr Ko 5414.7 | 1.20e+0 | 3.00 | 1.07¢-3 2.3
Mn Ko 5898.8 | 9.42e~1 | 3.00 | 9.17e~4 2.1
Co Ko 6930.3 | 6.08e—1 | 3.00 | 6.95¢e—4 1.8
Ni Ko 74782 | 4.94e—1 | 3.00 | 6.10e~ 4 1.7
Cu Ko | 8047.8 | 3.97e—1 | 3.00 | 5.27e-4 1.5
Ge Ko \?886.4 2.20e—1 | 3.00 | 3.59e— 4" 1.3
Y Ko | 1%988.0 | 551e—~2 | 3.00 | 1.36e~ 4 0.8
Mo Ko | 174790 | 328¢—2 | 3.00 | 9.47e—-5 0.7
Pd Ko | 211770 [ 1.71e—=2 | 3.00 | 5.97e~5 0.6
Sn Ko | 25271.0 | 9.30e—3 | 3.00 | 3.88¢e-5 0.5
Xe Ko | 29779.0 | 5.29¢—3 | 3.00 | 2.60e—-5 0.4

References: 42, 53, 60, 91, 112, 127, 131, 147.

Lithium (Li)

_ Z=3
Atomic Weight = 6.941
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po(barns/atom) = p(cm?/ gm) X 14.97
E(keV)u(cm?/gm) = f2 x 4669.03

Line’ E(eV) |u(cm¥gm)| £ f2 X (A)
H 10.2 | 1.88¢+5 410e—~1 | 1215
He (1) 21.1 | 1.14e+5 5.17e—1 | 587.6
Na L2 30.5 | 6.69e+4 | 4.37e~1 | 406.5
Mg Lo 49.3 | 3.28¢+ 4 3.46e—1 | 251.5
Al Las 72.4 | 1.55e+4 | 1.63 | 2.4le~1 | 171.2
Si Las 91.5 | 9.40e+3 | 1.12 | 1.84e—1-{ 135.5
Be K 108.5 | 5.99e+3 | -0.84 | 1.3%e—1 | 114.3
Sr M¢ 114.0 | 1.23e+5 | -1.26 | 3.00e+ 0 | 108.8
Y M¢ 132.8 | 1.52e45 | 2.57 | 4.33¢+0 | 934
Zr M(¢ 151.1 | 8.99e+4 | 3.06 | 2.91e+0 | 82.1
B Ko '183.3 | 6.06e+4 .| 3.73 | 2.38¢e+0 | 67.6
Mo M( 192.6 | 5.4le+4 | 3.85 | 2.23¢+0 | 644
Ar L¢ 220.1 | 3.97e4+4 | 4.08 | 1.87e+0 | 563
C Ko 277.0 | 2.21e+4 | 4.31 | 1.31e4+0 | 448
Ag M¢ 311.7 | 1.62e+4 | 434 [ 1.08e+0 | 308
N Ko 392.4 | 8.86e+3 | 4.34 | T.44e~1| 31.6
Ti Lo 452.2' | 5.96e+3 | 4.32 | 5.78¢e—1 | 274
V ' Lo 511.3 | 4.22e+3 | 4.29 | 462e—1 | 242
0 K« 524.9 | 392¢+3 | 429 | 441e—-1 | 236
Cr La 572.8 | 3.06e+3 | 4.27 | 3.76e—1 | 21.6
Mn La 637.4 | 2.25¢+3 | 4.24 | 3.08e-1 | 195
F Ko 676.8 | 1.88e+3 | 4.23 | 2.73¢—1 | 183
Fe La 705.0 | 1.68e+3 | 4.22 | 2.54e~1 17.6
Co La 776.2 | 1.27e+3 | 419 | 211e=1 | 160
Ni L« 851.5 | 963e+2 | 417 | 1.76e—1 | 146
Cu Lo 929.7 | 7.44e+2 | 415 | 1.48¢e~1 | 133
Zn Lo 1011.7 | 5.78e+2 | 414 | 1.25e~1 | 12.3
Na Ko 10410 | 5.3le+2 | 413 [ 1.18e~1 | 11.9
Ge Lo | 1188.0 | 3.58¢+2 | 411 | 9.12¢~2 10.4
Mg Ka 1253.6 | 3.05e+2 | 4.10 | 8.20e— 2 9.9
Al Ko 1486.7 | 1.84e+2 | 4.08 | 585e~2 | 8.3
Si - Ka 1740.0-| 1.14e+2 | 4.06 | 4.25e— 2 71
Zr La 2042.4 | 6.99e+1 | 4.05 | 3.06e— 2 6.1
Mo La 2293.2 .| 4.88e+1 | 4.04 | 2.40e -2 5.4
Cl Ka 2622.4 | 3.22¢+1 | 4.03 | 1.81le~2 4.7
Ag La 2984.3 | 2.15e+1 | 4.03 | 1.38¢~2 4.2
Ca Ka 3691.7 | 1.10e+1 | 4.02 | 8.68e—3 34
Ti Ko 4510.8 | 5.80e+0 | 4.01 | 5.60e—3 2.7
V Ka 49522 | 4.30e+0 | 4.01 | 4.56e~3 2.5

] ¢r Ke 5414.7 | 3.23e+0 | 4.01 | 3.74¢-3 2.3
Mn Ka 5898.8 | 2.45e+0 | 4.01 | 3.09¢e-3| 21
Co Ka 6930.3 | 1.45¢+0 | 4.01 | 2.15¢—3 1.8
Ni Ka 7478.2 | 1.13e4+0 | 4.00 | 1.81e—3 1.7
Cu Ko 8047.8 | 8.92e—1 | 4.00 | 1.54e~ 3 1.5
Ge Ka 9886.4 | 4.55¢—1 | 4.00 | 9.63e—4 1.3
Y Ko | 149880 | 1.16e—1 | 4.00 | 3.71e~4 0.8
Mo Ka | 17479.0 | 6.94e—2 | 4.00 | 2.60e— 4 0.7
Pd Ko |'21177.0 | 3.66e~2 | 4.00 | 1.66e—4 0.6
Sn Ko | 25271.0 | 2.03e~2 | 4.00 | '1.10e~4 0.5
Xe Ko | 29779.0 | 1.18e~2 | 4.00 | 7.51e—5 0.4

References: 33, 36, 72, 73, 76, 80, 95, 131, 138, 191.
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pa(barns/atom) = u(cm?/ gm) x 17.95
E(keV)u{cm?/gm) = f2 x 3892.17

Line E(eV) [u(cm?/gm)| £ fa X (A)
H 10.2 | 5.64e+ 5 1.48e+ 0 1215
He (II) 21.1 | 1.96e+ 5 1.06e+ 0 | 587.6
Na L2 30.5 | 1.10e+ 5 8.64e~1 | . 406.5
Mg L2 49.3 | 5.23e+ 4 6.63e-1 251.5

‘Al Lo, 72.4 | 26le+ 4 3.01 | 4.86e-1 171.2
Si Los 91.5 | 1.63e+ 4 297 | 3.83e~'1 135.5
Be K 108.5 | 1.13e+ 4 2.87 | 3.14e~1 114.3
Sr M(¢ 114.0 | 1.02¢+ 4 2.83 | 2.98¢e~1 108.8
Y Mc¢ 132.8 | 7.23e+4+ 3 2.63 | 2.47e~-1 93.4
Zr M¢ 151.1 | 5.38¢e4+3 | 2.30 | 2.09e~1 82.1
B Ka 183.3 | 3.35¢+ 3 0.04 | 1.58¢ -1 67.6
Mo M(¢ 192.6 837e+4 | -0.17 | 4.14e+ 0 64.4
Ar L¢£ 220.1 | 629e+4 | 3.21 | 3.56e+0 | 563
C Ko 277.0 | 3.70e+4 | 4.57 | 2.63e+ 0 44.8
Ag M(¢ 311.7 | 2.77e+ 4 4.89 | 2.22¢+ 0 39.8
N Ka 392.4 | 1.58e+ 4 5.21 | 1.59¢+0 31.6
Ti La 452.2 | 1.10e+ 4 5.31 | 1.28¢+0 27.4
V Lo 511.3 | 7.95¢+ 3 534 | 1.04e+ 0 24.2
0 Ka 524.9 | 74le+ 3 5.35 | 9.9%e¢—-1 23.6
Cr Lo 572.8 | 586e+ 3| 5.35 | 863e~1 21.6
Mn Lo 637.4 | 438¢e+3 | 535 | 7.18¢e~-1 19.5
F Ko 676.8 | 3.68¢+ 3 5.34 | 6.40e-1 18.3
Fe Lo 705.0 | 3.31e+ 3 533 ] 5.99e~1 17.6
Co Lo 776.2 | 253¢+3 | 5.31 | 5.05e~1 16.0
Ni Lo 851.5 1.95e¢+ 3 5.29 | 4.26e—-1 14.6
Cu Lo 929.7 | 1.51e+ 3 5.26 | 3.61e—-1 13.3
Zn La 1011.7 | 1.19¢+ 3 5.24 | 3.09¢e-1 12.3
Na Ka 1041.0 | 1.09¢+ 3 5.24 | 2.92e~1 11.9
Ge Lo 1188.0 | 74le+ 2 5.20 { 2.26e—1 10.4
Mg Ko 1253.6 | 6.33¢+ 2 5.19 | 2.04e~1 9.9
Al Ko 1486.7 | 3.83e+ 2 5.15 | 1.46e~1 8.3
Si - Ke 1740.0 -| -2.3%¢+ 2 512 | 1.07e-1 7.1
Zr Lo 20424 | 147e+ 2 5.10 | 7.73e~ 2 6.1
Mo Lo 2293.2 | 1.04e+ 2 5.08 | 6.10e—- 2 5.4
Cl Ka 2622.4 | 6.86e+41 5.07 | 4.63e— 2 4.7
Ag Lo 29843 | 460e+1 5.05 | 3.53e—2 4.2
Ca Ko 3691.7 | 2.37e+1 | 5.04 | 2.25e~2 3.4
Ti Ko 45108 | 1.26e+1 5.03 | 1.46e~ 2 2.7
V Ka 4952.2 | 9.37¢+ 0 5.02 | 1.19¢- 2 2.5
Cr Ko 5414.7 | 7.05e+ 0 5.02 | 98le-3 23
Mn Ko 5898.8 | 5.36e+ 0 5.02 { 8.13e—-3 2.1
Co Ka 6930.3 | 3.20e+ 0 5.01 | 5.69¢— 3 1.8
Ni Ka 7478.2 2.50e+ 0 5.01 48le— 3 1.7
Cu Ko 8047.8 | 1.97¢+ 0 5.01 | 4.08¢e—- 3 1.5
Ge Ko 9886.4 | 1.0le+ 0| 5.01 | 2.55¢—3 1.3
Y Ko 14988.0 | 2.51e~1 5.00 | 9.67e— 4 | 0.8
Mo Ko 17479.0 | 1.49e—1 5.00 | 6.70e—~ 4 0.7
Pd Ko 21177.0 | 7.80e— 2 5.00 | 4.25¢— 4 0.6
Sn Ko 25271.0 4.3le - 2 5.00 | 2.80e— 4 0.5
Xe Ko 29779.0 | 2.50e— 2 5.00 | 1.91e—4 0.4
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tta(barns/atom) = p(cm?/gm) x 19.‘95

E(keV)u(cm?/gm) = f, x 3503.31
Line E(eV) |u(cm?/gm)| fi f X (4)
H 10.2 | 2.96e+ 5 862e—1 | 1215
He (IN) 21.1 | 6.08¢+5 3.66e+ 0 | 587.6
Na Lg,3 30.5 | 3.00e+5 2.6le+ 0 | 406.5
Mg Lo 49.3'| 1.02¢+5 1.44e4 0 | 251.5
Al Ly 72.4 | 4.84e+4 | 425 | 1.00e+0 | 171.2,
Si Los 91.5 | 2.94e+4 | 426 | 7.69¢e—1 | 135.5
Be K 108.5 | 2.05¢+4 | 424 | 6.35e—1 | 114.3
Sr M(¢ 114.0 | 1.85e+4 | 4.23 | 6.01e~1 | 108.8
Y M¢ 132.8 | 1.33¢+4 | 418 | 5.06e—1 93.4
Zr M¢ 151.1 | 9.94e+ 3 | 4.11 | 4.29e—1 82.1
| B Ka | 1833 ) 6.40e+3 | 394 ] 335e—1 | 67.6
Mo M(¢ 192.6 | 5.62e+ 3 | 3.87 | 3.09e~1 64.4
Ar L¢ 220.1 | 3.89¢+3 [ 359 | 2.45e~1 56.3
C Ko 277.0 | 1.96e+3 | 1.08 | 1.55e~1 44.8
Ag M¢ 311.7 | 4.21e+4 | 3.49 | 3.74e+ 0 39.8
N Ko 392.4 | 2.50e+4 | 5.41 | 2.80e4+0 |- 31.6
Ti Lo 452.2 | 1.76e+4 | 5.87 | 2.27e+ 0 27.4
V La 511.3 | 1.29¢+4 | 6.09 | 1.8%¢+ 0 24.2
0 Ka 524.9 | 1.21e+4 | 6.12 | 1.81e+ 0 23.6
Cr Lo 572.8 | 9.71e+3 | 6.21 | 1.59¢+ 0 21.6
Mn Lo 637.4 | 7.41e+3 | 6.28 | 1.35¢+0 19.5
F Ko 676.8 | 6.37e+ 3 | 6.30 | 1.23e+ 0 18.3
Fe Lo 705.0 | 5.77¢+3 | 6.32 | 1.16e4 0 17.6
,Co La 776.2 | 4.45¢+3 | 6.35 | 9.86e—1 16.0
Ni Lo 851.5 | 3.46e+3 | 6.35 | 8.40e-1 14.6
Cu Lo -929.7 | 2.71e+3 | 6.3¢4 | 7.20e~1 13.3
Zn Lo 1011.7 | 2.15¢+3 | 6.33 | 6.20e—1 12.3
Na Ko 1041.0 | 1.98¢+3 | 6.32 | 5.80e~1 11.9
Ge La 1188.0 | 1.37e+ 3 | 6.30 | 4.63e—~1 10.4
Mg Ko 1253.6 | 1.17e+3 | 6.28 | 4.20e—1 9.9
Al Ko 1486.7 | 7.18¢+2 | 6.24 | 3.05e—1 8.3’
Si- Ka 1740.0-|-4.55¢+ 2. | 6.20 | 2.26e—1 71
Zr Lo 20424 | 2.84e+4+ 2 | 6.16 | 1.66e—1 6.1
Mo Lo 22932 | 2.02¢+2 | 6.14 | 1.32¢e—1 5.4
Cl Ko 2622.4 | 1.35¢e+2 | 6.12 | 1.01e~1 4.7
Ag Lo 29843 | 9.19e+1 | 6.10 | 7.83e—2 4.2
Ca . Ko 3691.7 | 4.82¢e+1 | 6.07 | 5.08e— 2 3.4
Ti Ko 4510.8 | 2.60e+1 | 6.05 | 3.35¢— 2 2.7
V Ko 4952.2 | 1.95e+1 | 6.04 | 2.75e—2 2.5
Cr Ko 5414.7 | 1.47e+1 | 6.04 | 2.28¢~ 2 2.3
Mn Ko 5808.8 | 1.12¢e+1 | 603 | 1.89e—2 2.1
Co Ko 6930.3 | 6.75¢4 0 | 6.02 | 1.33¢e—2 1.8
Ni Ko 74782 | 5.29¢+0 | 6.02 | 1.13e—2 1.7
Cu Kea 80478 | 4.18¢+ 0 | 6.02 | 9.60e— 3 1.5
Ge Ka 9886.4 | 2.14¢+0 | 6.01 | 6.03e—3 | . 1.3
Y Ko | 14988.0 | 5.32¢—1 | 6.00 | 2.27e-3 0.8
Mo Ko | 17479.0 | 3.17e—1 | 6.00 | 1.58¢~ 3 0.7
Pd Ko | 21177.0 | 1.67e—~1 | 6.00 | 1.0le— 3 0.6
Sn Ko | 25271.0 | 9.12¢—2 | 6.00 | 6.58¢— 4 0.5
Xe Ko | 29779.0 | 5.23¢e—2 | 6.00 | 4.45¢— 4 0.4

References: 2, 4, 6, 9, 11, 18, 21, 28, 30, 33, 37, 44, 45, 80, 85, 87, 94, 95, 111, 120, 121, 128, 131, 138, 143, 144, 176, 182, 185, 213, 2186,

222, 225, 230, 233.
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Atomic Weight = 12.011
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Nitrogen (N)

pao(barns/atom) = u(cm?/gm) x 23.26 . Z=7
E(keV)u(cm?/gm) = f> x 3004.15 ‘ ] Atomic Weight = 14.007 °

Line E(eV) |u(cm?/gm)| £ f2 X (A) ©

H 10.2 | 2.0de+ 5 6.92e—1 | 1215 ol

He (IN) 21.1 | 6.64e+5 4.67e+0 | 587.6 :

Na Lajs 30.5 | 4.24e+5 4.30e+0 | 4065 | © :

Mg Lz;3 49.3 | 1.73e+5 2.84e+0 | 2515 : M

Al Loj3 72.4 | 852e+4 | 5.20 | 2.05¢e4+0 | 171.2 e

Si Las | 915 | 5.26e+4 | 538 | 1.60e+0 | 135.5 b

Be K 108.5 | 3.64e+4 | 5.45 | 1.32¢e+0 | 114.3

Sr M¢ 114.0 | 327e+4 | 5.45 | 1.24e+ 0 | 108.8 ~

Y M¢ | 132.8 | 2.34e4+4 | 5.47 | 1.03e4+0 | 934

Zr M( 151.1 | 1.75e+4 | 5.46 | 8.78e—1 | 82.1

B Ko 183.3 | 1.09e+4 | 5.41 | 6.65e—1 | 67.6 o

Mo M(¢ 192.6 | 9.62¢+3 | 539 | 6.17Te~1 | 644 10 100 1000 . 10000

Ar L¢ 220.1 | 6.86e+3 | 5.30 | 5.03¢e~1 | 56.3 :

C Ko 277.0 | 3.77e+3 | 5.04 | 3.47e~1 | 448 =

Ag M(¢ 311.7 | 2.76e+3 | 4.80 | 2.87e—~1 | '39.8 | ‘ = = =

N

N Ko | 3924 132+3[298|173e-1| 316 - 1 :

Ti Lo 452.2 | 2.45e+ 4 | 4.74 | 3.68e+0 | 274

V Lo 511.3 { 1.84e+4 | 5.96 | 3.14e+ 0| 242 ‘ -

0 Ko« 524.9 | 1.73e+ 4 | 6.12 | 3.03¢+0 | 236 o« N N

Cr Lo« 572.8 | 1.4le+4 | 6.56 | 2.69¢+0 | 21.6 - © s2

Mn Lo 637.4 | 1.07e+4 | 6.90 | 2.28¢+0 | 195 - ] N

F Ko | 6768 | 922¢+3 | 7.03 | 2.08¢+0 | 183 g N

Fe Lo 705.0 | 8.3le+3 | 7.10 | 1.95e+0 | 17.6 =

Co Lo 776.2 | 6.49¢+3 | 7.22 | 1.68e+0 | 16.0 | - pa N

Ni La 851.5 | 5.07e+3 | 7.30 | 1.44e+0 | 146 o

Cu L 929.7 | 4.02¢+3 | 7.33 | 1.24e4+0 | 133 ©10 100 1000 10000

1 Zn L« 1011.7 | 3.20e+4+ 3 | 7.35 | 1.08¢+ 0 12.3
Na Ko 1041.0 | 2.97e+ 3 | 7.36 | 1.03e+ 0 11.9
Ge La 1188.0 | 2.07e+ 3 | 7.36 | 8.19e~1 104

e
Mg Ko 1253.6 | 1.79¢e+3 | 7.35 | 7.46e—1 2.9 r
Al Ko 1486.7 | 1.11e+3 | 7.32 | 5.48e—1 8.3 EF
Si- Ka | 17400 7.08¢+2 | 7.28 | 4.10e—~1- 7.1 oD%
Zr La 20424 | 4.46e+2 | 7.24 | 3.03e—1 6.1 TN
Mo Lo | 22932 | 318e+2 [ 7.21 | 2.43e—1 | 5.4 £®
Cl Ka 2622.4 | 214e+2.| 7.18 | 1.87e~1 47 ~ 0
Ag Lo 2984.3 | 1.46e+2 | 7.15 | 1.45e—1 4.2 3 e}
Ca Ka 3691.7 | 7.69¢+1 | 711 | 9.45¢~2 34 o
Ti Ko 4510.8 | 4.17e+1 | 7.08 | 6.26e~2 2.7 = |
V Ko 4952.2 | 3.13e+1 | 7.07 | 5.16e—2 235 o e T D L DL L T
Cr Ko 5414.7 | 2.37e+ 1 | 7.06 | 4.28e— 2 2.3 10 00 - - 1000 . 10000
Mn Ka 5898.8 | 1.82¢+1 | 7.05 | 3.57e~ 2 21 | _ E eV)

Co Ko "6930.3 | 1.10e+1 | 7.04 | 2.54e~2 1.8
Ni Ko 7478.2 8.65e+0 | 7.04 | 2.15¢—-2 1.7
Cu Ko 8047.8 | 6.85e+0 | 7.03 ] 1.84e—2 1.5 |
Ge Ko 9886.4 | 3.56e+0 | 7.02 | 1.17e— 2 1.3

Y Ko | 14988.0 | 9.29¢—1 | 7.01 | 4.63e— 3 0.8
Mo Ko | 17479.0 | 5.60e—1 | 7.01 | 3.26e—3 0.7
Pd Ko 21177.0 | 2.98¢="1 | 7.00 | 2.10e- 3 0.6
Sn Ko 25271.0 | 1.67e—1 | 7.00 | 1.40e— 3 0.5

Xe Ko 29779.0 | 9.75e—2 | 7.00 | 9.67e— 4 0.4 Edge Energies

K 4099 ev* L; 37.3eVv*

References: 6, 9, 11, 15, 18, 94, 95, 111, 143, 176, 184, 207.
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ua(bams/atom) = p(cm?/gm) x 26.57
E(keV)u(cm?/gm) = f2 x 2629.99

Line E(eV) |u(cm¥gm)| fi f2 A (A)
H 10.2 | 1.82¢+ 5 7.06e—1 | 1215
He (IN) 21.1 | 4.97e+5 3.99¢40 | 587.6-
Na Las 30.5 | 4.04e+5 4.68¢4 0 | 406.5
Mg Lo 49.3 | 2.35¢+5 44le+0 | 251.5
Al Logs © 724 { 1.20e+5 | 5.51 | 3.30e+0 | 171.2
Si Lpgs 91.5 | 7.97e4+ 4 | 5.96 | 2.77¢4+0 | 1355
Be K . |- 1085 | 5.69e+4 | 6.29 | 2.35¢+0 | 114.3
Sr. M(¢ 114.0 | 5.11le+4 | 6.34 | 2.21e+ 0 | 108.8
Y M¢ 132.8 | 3.66e+4 | 6.45 | 1.85¢+0 |. 93.4
Zr M¢ 151.1 | 2.79e+4 | 6.50 | 1.60e+0 | 82.1
B Ka 183.3 | 1.85e+4 | 659 | 1.29e+0 | 67.6
Mo M(¢ 01926 | 1.60e+4 | 661 | 1.17e4+0 | 64.4
Ar L¢ 220.1 | 1.10e+ 4 | 6.57 | 9.18¢—1 56.3
C Ko 277.0 | 6.04e+3 | 6.38 | 6.36e—~1 | 448
Ag M(¢ 311.7 | 4.50e+ 3 | 6.27 | 5.33¢~1 | 39.8
N Ko | 3924 [252+3 592 | 3.77e—1 31.6
Ti La 452.2 | 1.76e+3 | 547 | 3.02¢—1 | 27.4
V La 511.3 | 1.28¢+ 3 | 4.35 | 2.49e—1 | 242
O Ko | 5249 | 1.20e+3 | 3.58 | 2.39e—1 | 236
Cr La 572.8 | 1.87e+4 | 4.82 | 4.08¢+0 | 21.6
Mn Lo 637.4 | 1.45¢+4 | 658 | 3.51e+0 | 195
F Ko 676.8 | 1.24e+4 | 7.05 | 3.19¢e+0 | 183
Fe Lo 705.0 | 1.13e4+4 | 7.28 | 3.02¢+0 | 17.6
Co La 776.2 | 8.87e+3 | 7.72 | 2.62¢e+0 | ‘16.0
Ni Lo 851.5 | 6.97e+3 | 7.97 | 2.26e+0 | 14.6
Cu La 929.7 | 5.59¢+3 | 813 | 1.98e+0 | 13.3
Zn - La 1011.7 | 4.48e+3 | 824 | 1.72¢4+0 | -12.3
‘Na Ka 1041.0 | 4.15e+ 3 | 826 | 1.64e+ 0| 11.9
Ge Lo 1188.0 | 2.92¢+3 | 834 | 1.32¢+0 | 104
Mg Ko 1253.6 | 2.53¢+ 3 | 8.36 | 1.21e+0 9.9
Al Ko 1486.7 | 1.60e+ 3 | 8.37 | 9.02¢~1 8.3
Si- Ko | 1740.0 [ 1.03¢4 3| 835 | 6.84e—1 71
Zr Lo 2042.4 | 6.6le+2 | 8.31 | 5.13e—1 6.1
Mo Lo« 22932 | 4.76e4+ 2 | 8.28 | 4.15e—1 5.4
Cl Ko 26224 | 3.25e+4+ 2 | 825 | 3.24e—1 4.7.
Ag Lo 2084.3 | 2.24e+2 | 822 | 2.54e—1 42
Ca Ko 3691.7 | 1.20e+2 | 817 | 1.68e—1. 34
‘Ti Ka 4510.8 | 6.57e+1 | 813 | 1.13¢e—1 | 2.7
V Ko 49522 | 4.94e+1 | 811 | 9.31e—2 2.5
Cr Ko 5414.7 | 3.76e+1 | 810 | 7.75e— 2 2.3
Mn Ko 5898.8 | 2.89e+1 | 8.09 | 6.49e—2 21
Co Ko | 6930.3 | 1.76e+1 | 8.07 | 4.63e—2 1.8
Ni Ko 74782 | 1.39¢+1 | 8.06 | 3.94¢—2 1.7
Cu Ko 8047.8 | 1.10e+1 | 8.05 | 3.37e~2 1.5
Ge Ko 9886.4 | 5.73¢+0 | 8.04 | 2.16e—2 1.3
Y Ko [14988.0 [ 1.49¢+0 | 8.02 | 8.48¢—3 0.8
Mo Ko | 17479.0 | 9.02¢~1 | 8.01 | 6.00e— 3 0.7
Pd Ko, | 211770 | 4.83¢e~1 | 8.01 | 3.80e~3 0.6
Sn Ko | 25271.0 | 2.72¢~1 | 8.00 | 2.61e— 3 0.5
Xe Ko | 29779.0 | 1.60e~1 | 8.00 | 1.81e—3 0.4

u lem®/gm)

~ Oxygen (O)
._ 7 -

Atomic Weight = 15.999

o
® /
© TN
b \
v
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E(eV)

Edge Energies
K  5431-eV® L7 41:6 eV®

References: 6, 9, 11, 13, 15, 18, 26, 80, 94, 95, 111, 143, 155, 176, 184, 190, 204, 207, 210, 212, 228.



o | Flu<.)rine (F)
kao(barns/atom) = p(cm?/gm) x 31.55 : Z=9

E(keV)/.L(cm?/gm) = f2 X 2214.83 Atomic Weight = 18.998

Line E(eV) {p(cm?gm)| f f2 X (A) o

H 10.2 | 1.25e+ 4 577e—2 | 1215 T

He (II) 211 | 3.40e+ 5 3.24e+0 | 587.6 _ . )

Na Lz, 30.5 | 3.60e+5 4.96e+0 | 406.5 ® = X

Mg Lys | 493 | 2.40e+5 5.35e+0 | 2515 _ 1 TN

Al Lps 72.4 | 156e+5 | 543 | 5.09e+0 | 171.2 © )ﬂ

Si Lo 91.5 | 1.04e+5 | 654 | 4.29¢+0 | 135.5 Wiy ‘ /

Be K 1085 | 7.37e+4 | 7.07 | 3.61e+0 | 114.3 <«

Sr M¢ 114.0 | 6.64e+4 | 718 | 3.42e+0 | 108.8

Y M¢ 132.8 | 4.82e+4 | 7.44 | 2.89e+0 | 93.4 ~

Zr M(¢ 151.1 | 3.62e+4 | 758 | 2.47e+0 | 821

B Ko 183.3 | 2.33e+4 | 7.68 | 1.93¢e+0 | 67.6 °

Mo M( 192.6 | 2.08¢+4 | 770 | 1.81e+0 | 64.4 :

Ar Le 2201 | 1.52¢+4 | 771 | 1.51e+0 | 563 10 100 1000 10000

C Ko 277.0 | 875e+3 | 7.65 | 1.09¢+0 | 448 o

| Ag M¢ 311.7 | 6.52¢+3 | 7.60 | 9.18e—1 | 398 - : =

N K« 3924 | 3.60e+3 | 743 | 6.38e—~1 31.6 . z‘._ R N

Ti Lo 452.2 | 2.39e+3 | 7.25 | 4.89e—1 | 27.4 -

V Lo 511.3 | 1.69%e+3 | 7.01 | 3.90e—1 | 242 3 = =

0O Ka 524.9 | 1.57e+3 | 6.94 | 3.72¢=1 | 236 } i s

Cr La 572.8 | 1.22¢+3 | 664 | 3.17e—1 | 21.6 = \

Mn La 637.4 | 8.87e+2 | 591 | 2.55e—1 | 195 ©

F Ko 676.8 | 7.28e+2 | 4.64 | 2.22¢—1 | 183 \

Fe La 705.0 | 2.57e+3 | 353 | 817e—1 | 17.6

Co Lo 776.2 | 1.05e+4 | 7.00 | 3.67¢e+0 | 16.0

Ni La 851.5 | 8.42e+3 | 7.92 | 3.24e+0 | 14.6

Cu La 929.7 | 6.8le+3 | 8.44 | 2.86e+0 | 133

Zn La 1011.7 | 5.51e+3 | 877 | 2.52¢+0 | 123

Na Ko 1041.0 | 5.12¢+ 3 | 8.86 | 2.41e+0 11.9
Ge Lo 1188.0 | 365e+3 | 913 | 1.96e+0 10.4
Mg Ko 1253.6 | 3.18¢e+3 | 9.20 | 1.80e+0 9.9

Al Ko 1486.7 | 2.03e+3 | 934 | 1.36e+0 8.3
Si- Ko | 17400 | 1.32¢+3 | 938 | 1.04e+0 | 7.1
Zr Lo |- 2042.4 | 849e+2 | 937 | 7.83e-1 6.1
Mo La 2203.2 [ 6.15¢+2 | 9.35 | 6.37e—1 5.4
Cl Ko 2622.4 | 4.22¢4+2 { 931 | 5.00e—1 4.7

2
u {em”/gm)
10" 10° 10 10° 10° 10° 1¢° 10°

Ag La | 29843 | 2.92¢+2 | 928 [ 3.94e—1 | 42

Ca Ko | 36917 | 1.58e+2 | 922 | 2.6de~1 | 3.4

Ti Ko | 45108 | 876e+1 | 917 | 1.78e—1 | 27

V Ka | 49522 | 6.63e+1 | 915 | 1.48e—1 | 25

Cr Ko | 54147 | 5.07e+1 | 914 | 124e-1| 23 ” 00 1000 10000
Mn Ko | 58988 | 3.91e+1 | 912 | 1.04e~1 | 21

Co Ko | 69303 | 2.40e+1 | 9.09 | 7.50e—2 | 1.8 _ E (V)
Ni Ko | 74782 | 1.90e+1 | 9.08 | 6.40e-2 | 17 - ,
Cu Ka | 8047.8 | 1.51e+1 | 9.07 | 5.50e~2 | 1.5

Ge Ka | 98864 | 7.98¢+0 | 9.05 | 356e—2 | 1.3

Y Ka 149880 | 2.04e+0 | 902 | 1.45e-2 | o8

Mo Ko 17479.0 | 1.31e+0 | 9.02 | 1.03e—2 0.7
Pd Ke 21177.0 | 7.03e—1 | 9.01 | 6.72¢—3 0.6
Sn Ko 252710 | 3.98e—1 | 9.01 | 4.54e—3 0.5

s
Xe Ko | 297790 | 2.34e—1 | 9.00 | 315e—3 | 04 Edge Energies

K 696.7 eV*

References: 30, 80, 111, 172, 196, 207.

40



ta(barns/atom) = u(cm?/gm) x 33.51

E(keV)u(cm?/gm) = f2 x 2085.25

Line E(eV) |p(cm?/gm) f1 fa A (A)
H 10.2 1215
He (IIy 211 . . | 587.6
Na L3 305 | 2.60e+ 5 38le+ 0 | 406.5
Mg Laa 49.3 | 2.22¢4 5. 5.25¢+ 0 | 251.5
Al Lps 724 | 1.79e+ 5| 3.92 | 6.20e+0 | 171.2
Si L2 91.5 | 1.38e+5 | 5.63 | 6.04e+ 0 | 135.5
Be K 108.5 | 1.06e+5 | 6.91 | 553e+0 | 1143
Sr M¢ '114.0 | 966e+4 | 7.20 | 5.28¢+ 0 | 108.8
Y M¢ 132.8 | 7.11e+4 | 7.85 | 4.53¢e+0 | 934
Zr M(¢ 151.1 | 5.41e+ 4 | 821 | 3.92¢+0 | 821
B Ka 183.3 | 354e+4 | 861 | 31le+0 | 67.6
Mo M(¢ 192.6 | 3.18¢e+4 | 8.64 | 2.93e+0 | 64.4
Ar L& 220.1 | 2.36e+4 | 877 | 2.49¢e4+0 | 563
¢ Ko 277.0 | 1.36e+4 | 882 | 1.80e+0 | 44.8
Ag M¢ 311.7 | 1.0le+4 | 880 | 1.50e+0 | 398
N Kea 392.4 | 5.60e+3 | 868 | 1.05e+0 | 31.6
Ti La 452.2 | 3.84e+3 | 856 | 8.33e—~1 27.4
V. Le. 511.3 | 2.77¢+3 | 8.42 | 6.79e—~1 24.2
0 Ka 5249 | 2.58¢+3 | 838 | 6.50e—1 23.6
Cr Lo 572:8 | 2.04e+3 | 825 | 5.62e~1 21.6
Mn Lo 637.4 | 1.54e+3 | 803 | 4.70e~1 19.5
F Ka 676.8 | 1.30e+3 | 7.85 | 4.23e—1| 183
Fe La | 705.0 | 1.18¢+3 | 7.70 | 398¢e—~1 | 17.6
Co Lo 776.2 | 9.17e+2 7.14 | 34le=1| 16.0
Ni Lo 851.5 | 7.15e+2 | 4.92 | 2.92e—1 14.6
Cu Lo . 929.7 | 9.19¢+3 | 7.28 | 4.10e+0 | 133
Zn La 1011.7 | 7.46e+ 3 8.60 | 3.62e+ 0 12.3
Na Ko 1041.0 | 6.93e+3 | 887 | 3.46e+0 | 11.9
Ge Lo 1188.0 | 4.93e+3 | 964 | 2.8le+0 | 10.4
Mg Ko 1253.6 | 4.29¢+3 | 9.83 | 2.58¢+0 9.9
Al Ka 1486.7 | 2.75e+ 3 | 10.19 | 1.96e4 0 83
$i- Ka 1740.0 | 1.81€+ 3 | 10.34 | 1.51e+4 0 7.1
Zr Lo 2042.4 | 1.17¢+ 3 | 10.39 | 1.15¢+0 6.1
Mo Lo 22932 | 8.52e+2 | 10.40 | 9.37e—1 5.4
Cl Ka 26224 | 5.87e+2 | 10.38 | 7.38e~1 4.7
Ag Lo 2984.3 | 4.08¢4+2 | 10.35 { 5.84e~1 4.2
Ca Ka 3691.7 | 2.23e+2 | 10.29 | 3.94e-1 3.4
Ti Ka 4510.8 -] 1.25e+4+ 2 | 10.23 | 2.69e—1 2.7
V Ko 49522 | 9.46e+1 | 10.21 | 2.25e—1 2.5
Cr Ko 5414.7 | 7.26e+1 | 10.18 | 1.89e — 1 2.3
Mn Ko 5898.8 { 5.63e+1 | 10.16 | 1.59e—~1 2.1
Co Ka 6930.3 | 3.47e+1 | 1013 | 1.15e~1 1.8
Ni Ko, | 74782 | 2.75¢+1 | 10.12 | 9.88e— 2 1.7
Cu Ko 8047.8 | 2.20e+1 | 10.10 | 8.50e— 2 1.5
Ge Ko 9886.4 | 1.17¢+1 | 10.07 | 5.56e— 2. 1.3
Y Ka | 149880 | 3.21e4+0 | 10.04 | 2.31¢— 2 0.8
Mo Ka | 17479.0 | 1.97¢+ 0 | 10.03 | 1.65¢—- 2 0.7
Pd Ko | 21177.0 | 1.07e+ 0 | 10.02 | 1.09¢ - 2 0.6
Sn Ka | 25271.0 | 6.07e~1 | 10.01 | 7.36e— 3 0.5
Xe Ko | 297790 | 3.59¢e—1 | 10.01 | 5.13¢~3 0.4

w (cm?/gm)

10" 1©° 100 160 10° 10' 10 10°

' Neon (Ne)

Z=10
Atomic Weight = 20.179
N
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‘- © -
N /
~ /
o
10 100 . 1000 10000
Qe
\\
J 4 N\,
- ) h \
- .
- N
o = L,
AN
o N
d | —— 1 " b - .e ) — LIt - o —— r
10 v 100 . 1000 10000

Ll T

| I N B AR AR

10 ' - 100 1000

"Edge Energies
K 870.2eV® L; 485 eV
Liy 21.7 eV°®
LIII 21.6 eV*®

References: 8, 9,11, 34, 51, 75, 92, 95, 111, 140, 143, 151, 162, 176, 194, 218.
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. ta(barns/atom) = pu(cm?/gm) x 38.18
E(keV)u(cm?/gm) = f» x 1830.30

Line E(eV) |u(cmn® gm) f1 f2 A (A)
H 10.2 | 2.74e+ 3 1.53¢—2 | 1215
He (ID 21.1 | 3.03¢+3 349 — 2 | 587.6
Na L3 30.5 | 5.84e+ 4 9.73¢~1 | 406.5
Mg Lo 49.3 | 1.88e+ 5 5.05e+0 | 251.5
Al Lpgs 72.4 | 1.82¢+ 5 2.34 | 7.22¢+0 | 171.2
Si Lags 91.5 | 1.50e+ 5 4.73 | 7.52¢+0 | 135.5
Be K 108.5 | 1.18e+ 5 6.42 | 7.02¢+0 | 114.3
Sr M¢ 114.0 | 1.09¢e+ 5 6.79 | 6.79¢+0 | 108.8
Y M¢ 132.8 | 8.43e+4 | 7.74 | 6.12¢+0 93.4
Zr M¢ 151.1 | 6.73¢e+4 | 847 | 5.55¢+0 82.1
B Ko 183.3 | 4.54e+4 | 9.20 | 4.55¢+0 67.6
Mo M(¢ 192.6 | 411e4+ 4 | 9.35 | 4.32¢+0 64.4
Ar L¢ 220.1 | 3.05e+4 | 9.67 | 3.67¢+0 56.3
C Ko 277.0 | 1.79e+ 4 | 9.93 | 2.71e+ 0 44.8
Ag M¢ 311.7 | 1.34e+4 | 996 | 2.27e+40 39.8
N Ko 392.4 | 7.45e4+ 3| 991 | 1.60e+ 0 31.6
Ti Lo 452.2 | 5.16e+3 | 9.82 | 1.27¢+0 27.4
V Lo 511.3 | 3.77¢e+3 | 9.71 | 1.05e+ 0 24.2
0 Ko 524.9 | 3.52e4+3 | 9.69 | 1.01e+ 0 23.6
Cr Lo 572.8 | 2.82¢4+.3.| 9.60 | 8.81e—1 21.6
Mn Lo 637.4 | 2.16e+3 | 9.47 | 7.51e—1 19.5
F Ko 676.8 | 1.83e+3 | 9.39 | 6.75e—1 | 183
Fe Lo 705.0 | 1.64e+3 | 9.32 | 6.33¢e—1 | 17.6
Co La 776.2 | 1.27e+3 | 912 | 5.38¢e~1 16.0
Ni Lo 851.5 | 9.84e+ 2 8.85 | 4.58¢—1 14.6
Cu Lo 929.7 | 7.74e+ 2 8.41 | 3.93e-1 13.3
Zn Lo 1011.7 | 6.09e + 2 7.47 | 3.36e~1 12.3
Na Ko 1041.0 | 5.61e+2 | 6.59 | 3.19e~1 11.9
Ge La 1188.0 | 5.97e+3 | 9.09 | 3.88¢+4 0 10.4
Mg Ko 12536 | 5.20e+3 | 9.73 | 3.56e+ 0 9.9
Al Ka 1486.7 | 3.36e+ 3 | 10.74 | 2.73¢+ 0 8.3
Si- Ka 1740.0 ‘| 2.24¢+ 3 | 11.14 | 2.13e+0 71
Zr Lo 2042.4 | 1.46e+3 | 11.34 | 1.63e+0 6.1
Mo Lo 22932 | 1.07e+ 3 | 11.40 | 1.34e+ 0 5.4
Cl Ko 2622.4 | 7.35e+2 | 11.42 | 1.05e+ 0 4.7
Ag Lo 29843 | 5.11e+2 | 11.41 | 8.33e~1 4.2
Ca Ko 3691.7 | 2.78¢+2 | 11.36 | 5.61e—1 3.4
Ti Ko 45108 | 1.55e+2 | 11.29 | 3.83e~1 2.7
V Ko 4952.2 | 118e+2 1 11.26 | 3.20e—1 2.5 |
Cr Ko 5414.7 | 9.08e+1 | 11.24 | 2.69¢e—1 2.3
Mn Ko 58088 | 7.04e+1 | 11.21 | 2.27e—-1 2.1
Co Ko 6930.3 | 4.36e+1 { 11.17 | 1.65e~1 1.8
Ni Ko 74782 | 3.47e+1 | 11.15 | 1.42e~-1 1.7
Cu K« 8047.8 | 2.78¢+1 | 11.14 | 1.22e~1 1.5
Ge Ko '9886.4 | 1.50e+1 | 11.10 | 8.08¢ — 2 1.3
Y Ko | 14988.0 | 4.21e+ 0 | 11.05 | 3.45¢— 2. 0.8
Mo Ka | 17479.0 | 2.61e+4+0 | 11.04 | 2.49e -2 0.7
Pd Ko | 21177.0 | 1.43e+0 | 11.02 | 1.65e— 2 0.6
Sn Ko | 25271.0 { 819e—1 | 11.02 | 1.13e— 2 0.5
Xe Ko | 29779.0 | 4.87e—1 | 11.01 | 7.92e— 3 0.4

References: 112, 124, 127, 147, 163, 195.
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Z=11
Atomic Weight = 22.990

12

10

8

™\
\
£

[ —

10 100 1000 - 10000

10

0.1.
il

’!

0.01

s e i ittt s |

10000

1000

w lem’/gm)

10" 10" 10' 10° 10° 10' 10° 10°

1 NN ERRIN 1

10 100

IEREENNER !

1000
E (V)

IR 1]

10000

,

Edge Energies

K 10708eV® L; 635eV?
Ly 30.4eV?
L1y 30.5 eV®

42



I~

Ha (barns/ atom) = u(cm?/gm) x 40.36

E(keV)up(cm?/gm) = f2 x 1731.26

Line E(eV) |u(cm?/gm)| £ f2 A4
H 10.2 | 6.8%¢+ 3 406e—2 | 1215
He (1) 21.1 | 1.21e+ 4 147e—1 | 587.6
Na L2 30.5 { 1.15e+4 - 2.02¢e—1 | 4065
Mg L2 49.3 | 3.62¢+ 4 1.03e+ 0 | 251.5
Al Lz 72.4 | 1.40e+5 | -0.64 | 5.84e+0 | 171.2
Si Lzgs 91.5 | 1.49%+5 | 2.21 | 7.86e+0 | 135.5
Be K 108.5 | 1.29¢e+5 | 4.26 | 8.09¢+0 | 114.3
Sr M¢ 114.0 | i.22e+5 { 4.81 | 8.07e+0 | 108.8
Y M¢ 132.8 | 1.0l1e+5 | 6.39 | 7.78¢+0 | 934
Zr M(¢ 151.1 | 8.40e+4 | 755 | 7.33¢e+0 | 821
B Ka. 183.3 | 6.08e+4 | 898 | 6.44¢+0 | 67.6
Mo M( 192.6 | 5.56e+4 | 9.28 | 618¢+0 | 64.4
Ar L¢ 220.1 | 4.29¢e+4 | 997 | 5.45¢+0 | 56.3
C Ka 277.0 | 2.6le+4 | 10.73 | 418¢+0 | 448
Ag M(¢ 311.7 | 1.98e+4 | 10.95 | 3.57e+0 | 39.8
N Ko 3924 | 1.13e+4 | 11.11 | 2.55e+0 | 31.6
Ti Lo 452.2 | 7.81e+3 | 11.10 | 2.04e+0 | 27.4
V L« 511.3 | 5.65e+3 | 11.04 | 1.67e+0 | 24.2°
0 Ka 524.9 | 527e+3 | 11.02 | 1.60e+0 | 23.6
Cr Lo 572.8 | 4.17e+3 | 10.95 | 1.38¢e+0 | " 21.6
Mn Lo 637.4 | 3.12¢+3 | 10.85 | 1.15¢+0 | 19.5
F Ka 676.8 | 2.65e+3 | 10.78 | 1.04e+0 | 183
Fe La 705.0 | 2.37e+3 | 10.73 | 9.65e—1 | 17.6
Co Lo 776.2 | 1.82e+3 | 10.59 | 814e—1 | 16.0
Ni L 851.5 | 1.40e+ 3 | 10.44 | 6.90e—~1 | 14.6
Cu Lo 929.7 | 1.09¢+ 3 | 10.25 | 5.88e~1 | 13.3
Zn Lo 1011.7 | 8.80e+2 | 10.01 | 514e~1 | 12.3
Na Ko 10410 | 814e+2 | 991 | 490e—1 | 119
Ge La 1188.0 | 5.67e+2 | 9.07 | 3.89e—1 | 104,
Mg Ko 1253.6 | 4.89¢e+2 | 810 | 354e—1 9.9
Al Ko 1486.7 | 4.28e+ 3 | 10.45 | 3.68¢+0 8.3
Si - Ko | 1740.0' | 2:90e+ 3 | 11.59 | 2.92¢+ 0 71
Zr Lo | '2042.4 | 1.92e+3 | 12.09 | 2.26e+ 0 6.1
Mo La 2293.2 | 1.4l1e+ 3 | 12.28 | 1.87e+0 5.4
Cl Ka 2622.4 | 9.80e+2 | 12.39 | 1.48¢+ 0 4.7
Ag Lo 2984.3° | 6.86e+2 | 12.43 | 1.18¢+ 0 4.2
Ca Ka 3691.7 | 3.77e+2 | 12.41 | 8.04e—1 34
Ti Ka 4510.8 | 2.12e+2 | 12.36 | 5.53e—1. 2.7
V Ka 4952.2 | 1.62e+2 | 12.33 | 464e—1 | 2.5
Cr Ko 5414.7 | 1.25e+2 | 12.30 | 3.91e—1 2.3
Mn Ko | 5898.8 | 9.74e+1 | 12.27 | 3.32¢~1 2.1
Co Ka 6930.3 | 6.07e+1 | 12.22 | 2.43e—1 '1.8
Ni Ko 74782 | 4.85e+1 | 12.20 | 2.09¢~1 1.7
Cu Ka 8047.8 | 3.90e+1 | 12.18 | 1.81e—1 1.5
Ge Ka 9886.4 | 2.10e+1 | 12.14 | 1.20e—1 1.3
Y Ko | 14988.0 | 5.82¢+0 | 12.07 | 5.04e— 2 0.8
Mo Ka | 17479.0 | 3.63¢+ 0 | 12.05 | 3.66e— 2 0.7
Pd Ka | 21177.0 | 2.00e+ 0 | 12.03 | 2.45¢—2 0.6
Sn Ko | 25271.0 | 1.15¢+0 | 12.02 | 1.68¢—2 0.5
Xe Ko | 29779.0 | 6.88¢~1 | 12.01 | 1.18¢—2 0.4

References: 2, 35, 41, 48, 67, 73, 76, 127, 147, 176, 185, 215.
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ta(barns/atom) = u(cm?/gm) x 44.80
E(keV)u(cm?/gm) = f> x 1559.61

Line E(eV) |p(cm?/gm)| £ f2 X (A).
H 10.2 | 4.65¢+5 30.44 | 1215
‘He (ID) 21.1 | 1.80e+ 4 0.24 | 587.6
Na Lg3 30.5 | 1.33e+ 4 0.26 | 406.5
Mg L3 49.3 | 1.10e+ 4 0.35 | '251.5
Al Las 72.4 | 1.04e+4 | -429 | 048 | 171.2
Si Les 91.5 | 1.02¢+5 | -057 | 599 | 135.5
Be K 108.5 | 1.12¢+5 | 0.83 | 7.80 | 114.3
Sr M¢ 1140 | 1.14e+5 | 1.35 | 8.37 | 108.8
Y M(¢ 132.8 | 1.12¢4+5 | 397 | 954 | 934
Zr M¢ 151.1 | 9.94e4+ 4 | 591 |- 963 | 821
B K« 183.3 | 7.73e+4 | 895 | 9.08.| 67.6
Mo M(¢ 192.6 | 6.92¢e+4 | 957 | 854 | 644
Ar L¢ 220.1 | 5.11e+4 | 1058 | 7.22 | 563
C Ko 277.0 | 319+ 4 | 11.75 | 566 | 448
Ag M¢ 311.7 | 2.37e+4 | 12.08 | 473 | 398
N Ko 392.4 | 1.36e+4 | 1222 | 341 | 316
Ti Lo 4522 | 9:75e+3 | 12.29 | 2.83 | 274
V La 511.3 | 7.18e+3 | 12.29 | 2.35 | 242
0 Ko 524.9 | 6.71e+3 | 12.28 | 2.26 | 236
Cr La . 872.8 | 5.36e+3 | 12.25 | 1.97 | 216
Mn Lo 637.4 | 4.03e+3 | 1219 | 1.65 | 195
F Ko« 676.8 | 34le+3 | 1213 | 148 | 183
Fe Lo 705.0 | 3.08¢+3 | 12.09 | 1.39 | 17.6
Co La 776.2 | 2.38¢+3 | 11.99 | 118 | 16.0
Ni La .851.5 | 1.85¢+3 | 11.88 | 1.01 | 146
Cu Lo 929.7 | 1.45¢4+3 | 11.76 | 0.87 | 13.3
Zn Le 1011.7 | 1.15e+3 | 11.62 | 0.75 | 12.3
Na Ko 1041.0 | 1.07e+3 | 11.57 | o071 | 11.9
Ge Lo 1188.0 | 7.4le+2 | 11.26 | 056 | 104
Mg Ko 1253.6 | 6.39%e+2 | 11.08 | 0.51 9.9
Al Ko 1486.7 | 4.03e+2 | 960 | 0.38 8.3
Si - Ko 1740.0°}-3.21e+ 3 | 11.32 | 3.59 7.1
Zr La 2042.4 | 2.16e+3 | 12.56 | 2.83 6.1
Mo Lo 22932 | 1.60e+3 | 12.97 | 2.36 5.4
Cl Ko 26224 | 1.12e+3 | 1323 | 1.89 47
Ag La 2984.3 | 7.92e+2 | 13.35 | 1.52 4.2

"Ca Ko 3691.7 | 4.40e+2 | 1341 | 1.04 3.4
Ti Ko« 4510.8 | 2.50e+2 | 13.38 | 0.72 2.7
V Ko 4952.2 | 1.91e+2 | 1336 | 0.61 2.5
Cr Ka 5414.7 | 1.48¢+2 | 13.33 | 0.51 2.3
Mn Ko 5898.8 | 1.16e+2 | 13.30 | 0.44 21
Co Ka 6930.3 | 7.25e+1 | 1325 | 0.32 1.8
Ni Ko 7478.2 | 5.80e+1.| 13.23 | 0.28 1.7
Cu Ko 8047.8 | 4.68e+1 | 13.21 | 0.24 1.5
Ge Ka 9886.4 | 2.56e+1 | 1316 | 0.16 1.3
Y Ko | 149880 | 745e+0 | 13.08 | 0.07 0.8
Mo Ko | 17479.0 | 4.66e+0 | 13.06 | 0.05 0.7
Pd Ko« | 21177.0 | 2.58¢+0 | 13.04 | 0.04 0.6
Sn Ko ] 25271.0 | 1.49¢+ 0 { 13.03 | 0.02 0.5
Xe Ko | 29779.0 | 8.91e—1 | 1302 | o0.02 0.4

L3

References: 2, 3, 4, 5, 23, 27, 28, 32, 73, 79, 80, 95, 98, 99, 107, 108
200, 216, 217, 223, 231, 232.
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Aluminum (Al)
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ua(bams/atofn) = p(cm?/gm) x 46.64
E(keV}u(cm?/gm) = f2 x 1498.19

Line E(eV) |p(cm?¥gm)| £ fa A (A)
H "10.2 | 449 + 5 30.56 | 1215
He (I 21.1 | 4.77e+ 4 0.67 | 587.6
Na Lo 305 | 1.76e+ 4 0.36 | 406.5
Mg Lo 3 49.3 | 1.52¢+4 0.50 | 251.5
Al Lo 724 | 9.86e+3 | 258 | 048 | 171.2
Si Lo 91.5 | 7.12¢+3 | 070 | 043 | 135.5
Be K 108.5 | 6.00e+4 | -1.23 | 4.34 | 114.3
Sr M¢ 114.0 | 6.98e+4 | -1.35 | '5.31 | 108.8
Y M¢ 132.8 | 1.07e+5 | 1.17 | 9.53 | 93.4
Zr M(¢ 151.1 | 9.50e+4 | 4.08 | 9.58 | 821
B Ka 183.3 | 86le+4 | 7.98 | 1054 | 67.6
Mo M(¢ 192.6 | 7.74e+4 | 892 | 995 | 64.4
Ar L¢ 220.1 | 5.84e+4 | 1051 | 858 | 56.3
C Ka 277.0 | 3.59¢e+4 | 12.06 | 6.65 | 44.8
Ag M(¢ 311.7 | 2.76e+4 | 12.62 | 5.74 | 39.8
N Ka 392.4 | 1.60e+4 | 13.08 | 419 | 31.6

{Ti Le 452.2 | 1.15e+4 | 1319 | 3.48 | 27.4
V Lo 511.3 | 8.66e+3 | 13.25 | 2.95 | 24.2
O Ko 524.9 | 813e+3 | 1327 | 2.85 | 236
Cr La 572.8 | 6.52¢+3 | 13.28 | 2.49 | 21.6
Mn Lo 637.4 | 4.97e+3 | 1325 | 212 | 195
F Ka 676.8 | 4.27e+3 | 1323 | 1.93 | 183
Fe Lo 705.0 | 3.83e+3 [ 13.20 | '1.80 | 17.6
Co La 776.2 | 2.97e+3 | 1313 | 134 | 16.0
Ni Lo 851.5 | 2.33e+3 | 13.04 | 1.32 | .14.6
Cu La 929.7 | 1.85e+3 | 12.95 | 1.15 | 13.3

| Zn Lo« 1011.7 | 1.50e+3 | 12.83 | 1.01 12.3
Na Ko 1041.0 | 1.40e+3 | 12.80 | 098 | 11.9
Ge Lo 1188.0 | 9.91e+2 | 1263 | 0.79 | 104
Mg Ko 1253.6 | 859 +2 | 12.53 | 0.72 9.9
Al Ko 1486.7 | 5.43e+2 | 12.09 | 0.54 8.3
Si- Ko | 1740.0-|-3.51e+2 | 10.83 | 0.41 7.1
Zr La 2042.4 | 2.63e+3 | 12.290 | 3.59 6.1
Mo Lo 22932 | 1.98e+3 | 13.33 | 3.02 5.4
Cl Ko 26224 | 1.40e+3 | 13.91 | 2.45 4.7
Ag Lo 2984.3 | 9.93e+2 | 1419 | 1.98 4.2
Ca Ko 3691.7 | 5.57e+42 | 14.38 | 1.37 34
Ti Ko | 45108 | 3.19¢+2 | 1440 | o0.96 2.7
V Ka 4952.2 | 2.45¢e+2 | 1439 | o0.81 2.5
Cr Ko 5414.7 | 1.90e+2 | 14.37 | 0.69 2.3
Mn Ko 5898.8 | 1.49e+2 | 14.35 | 0.59 2.1
Co Ka 6930.3 | 9.34e+1 | 14.30 | 043 1.8
Ni Ko 74782 | 749+ 1 | 14.28 | 0.37 1.7
Cu Ko 8047.8 | 6.05e+1 | 14.25 | 0.32 15
Ge Ko 9886.4 | 3.32¢+1 | 14.19 | 0.22 1.3
Y Ko |14988.0 | 969¢e+0 | 1411 | o010 0.8
Mo Ka | 17479.0 | 6.09¢+ 0 | 14.08 | 0.07 0.7
Pd Ko | 21177.0 | 3.39¢+0 | 14.08 | 0.05 0.6
Sn Ko | 25271.0 | 1.96e+ 0 | 14.04 | .0.03 0.5
Xe Ko [ 297790 | 1.18e4+ 0 | 14.03 | 0.02 0.4

Silicon (Si)
Z=14
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u.a(ba.fns/atom) = p{cm?/gm) x 51.43
E(keV)u(cm?/gm) = f2 x 1358.51

Line E(eV) |u(cm?gm)| £ f2 AMA)
H . 10.2 | 1.10e+ 6 82.23 | 1215
He (II) 21.1 | 4.46e+ 4 0.69 | 587.6
Na L3 30.5 | 1.13e+ 4 0.25 | 406.5
Mg Lo s 49.3 | 1.60e+ 4 0.58 | 251.5
Al Loga 72.4 | 1.30e+4 | 417 | 0.9 | 171.2

"Si Lo 91.5 | 1.00e+4 | 363 | 0.68 ] 1355
Be K 108.5 | 7.72¢+3 | 2.69 | 0.62 | 114.3
Sr M¢ 1140 | 7.05¢+ 3 2.19 0.59 | 108.8
Y M¢ 132.8 | 5.16e+4+3 | -3.56 | 0.50 93.4
Zr M¢ 151.1 | 7.68¢+4 | 097 | 855 82.1
B Ko 183.3 | 659¢+4 | 4.57 | 8.89 67.6
Mo M(¢ 192.6 | 7.33e+ 4 | 4.93 | 10.40 64.4
Ar L¢ 220.1 | 615e+4 | 843 | 9.97 56.3
C Ko 277.0 | 412e+4 | 11.12 | 8.40 44.8
‘Ag M¢ 311.7 | 326e+4 | 1213 | 7.49 39.8
N Ko 392.4 | 2.05e+4 | 1339 | 5.93 31.6
Ti Lo 452.2 | 1.50e+ 4 | 13.91 4.98 27.4
V La 511.3 | 1.12¢+ 4 | 14.18 | 4.22 24.2
0 Ko 524.9'} 1.05e+4 | 1422 | 4.07 23.6
Cr Lo 572.8 | 848e+3 | 1433 | 358 21.6
Mn Lo 637.4 | 651e+3 | 14.39 | 3.05 19.5
F Ko 676.8 | 5.53¢+3 | 14.40 | 2.76 18.3
Fe Lo 705.0 | 5.00e+ 3 | 14.38 2.59 17.6 |
.Co Lo 776.2 | 390e+ 3 | 14.35 | 2.23 16.0
Ni Le 851.5 | 3.04e+ 3 | 1430} 1.91 14.6
Cu Lo 920.7 | 2.40e+ 3 | 14.22 1.65 13.3
Zn Lo 1011.7 | 1.92e4+ 3 | 1414 | 1.43 12.3
Na Ko 10410 | 1.78¢+ 3 | 1410 | 1.36 11.9
Ge Lo 1188.0 | 1.24e+3 | 1394 | 1.08 10.4
Mg Ko 1253.6 | 1.07e+3 | 13.86 | 099 [ 9.9
Al Ko 1486.7 | 6.75e+2 | 13.56 | 0.74 8.3
Si- Ka 1740.0-|-4.44e+ 2 | 1312 | 057 7.1
Zr Lo | 2042.4 | 2.86e+ 2 | 11.75 043 | - 6.1
Mo Lo 2293.2 | 2.28¢+3 | 12.64 | 3.84 5.4
Cl Ko 2622.4 | 163¢e+3 | 1424 | 3.14 4.7

1 Ag Lo 2984.3 | 1.17e+ 3 { 1485 | 2.56 4.2
Ca Ko 3691.7 | 66le+2 | 15.28 | 1.80 3.4
Ti Ko 4510.8 | 3.81e+2 | 1540 | 1.27 2.7
V Ko 4952.2 { 294e+2 | 15.41 1.07 2.5
Cr Ko 5414.7 | 2.29e+ 2 | 15.41 0.91 2.3
Mn Ko 5898.8 | 1.79¢e+ 2 | 15.39 | 0.78 2.1
Co Ko 6930.3 | 1.13e+2 | 15.35 | 0.58 1.8
Ni Ko« 74782 | 910e+1 | 15.33 | 0.50 1.7
Cu Ka 8047.8 | 7.37e+1 | 15.30 | 0.44 1.5
Ge Ko 9886.4 | 4.04e+1 | 15.24 | 029 1.3
Y Ko | 149880 | 1.17e+1 | 1513 | 0.13 0.8
Mo Ka | 174790 | 7.39¢+0 | 15.10 { 0.10 0.7
Pd Ko | 21177.0 | 4.13e4+0 | 15.07 | 0.06 0.6
Sn Ko | 25271.0 | 2.41e+0 | 15.05 | 004} ~ 05
Xe Ko | 29779.0 | 1.45e+0 | 15.04 | 0.03 0.4
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ta(barns/atom) = u(cm?/gm) x 53.24
E(keV)u(cm?/gm) = {2 x 1312.32

A (A)

Line E(eV) [u(cm?/gm)| £ f2
H 10.2 | 5.51e+ 5 42.79 | 1215
He (ID) 21.1 | 4.47e+5 7.18 | 587.6
Na Lo 30.5 | 7.56e+ 4 1.76 | 406.5
Mg Lo 49.3 | 1.48e+ 4 0.56 | 251.5
Al Lps 72.4 | 2.02e4+4 | 491 | 111 | 171.2
Si Los 91.5 | 1.62e+4 | 471 { 113 | 1355
Be K 1085 | 1.28¢+4 | 429 1.06 | 1143
Sr M¢ 114.0 | 1.20e+4 | 4.08 | 1.04 | 108.8
Y M¢ 132.8 | 9.63e4+3 | 297 | 097 | 934
Zr M¢ 151.1 | 7.92¢+3 | 0.38 | o091 82.1 .
B Ko 183.3 | 7.4le+4 | 3.00 | 10.35 67.6
Mo M(¢ 192.6 | 6.97e+4 | 4.34 | 1023 | 64.4
Ar L¢ 220.1 | 59le+ 4 | 6.55 | 9.92 56.3
C Ka 277.0 | 4.76e+4 | 10.01 | 10.04 | 448
Ag M¢ 311.7 | 3.84e+4 | 11.72 | 912 39.8
N K« 392.4 | 249 +4 | 13.70 | 7.44 31.6
Ti Lo, 452.2 | 1.83e+ 4 | 14.54 | 6.31 27.4
v La 511.3 | 1.38e+4 | 1499 | 5.38 | 242
O K« 524.9 | 1.30e+4 | 15.06 | 520 | 236
Cr La 572.8 | 1.06e+4 | 15.27 | 463 | 21.6
Mn Lo 637.4 | 818¢+3 | 1544 | 397 | 195
F Ko 676.8 | 7.0le+ 3 | 1548 3.62 18.3
Fe Lo 705.0 | 6.36e+3 | 15.50 | 3.42 17.6
Co Lo 776.2 | 495¢+3 | 15.53 | 2.93 | 16.0
Ni Lo 851.5 | 3.89¢+3 | 15.50 | 2.52 14.6
Cu Lo« 929.7 | 3.08¢4+3 | 1545 | 218 | 133
Zn Le 1011.7 | 2.46e+3 | 1538 | 1.89 | 123
Na Ko 1041.0 | 2.28¢+3 | 15.36 | 1.81 11.9
‘Ge Lo 1188.0 | 1.59¢+3 | 15.22 | 1.44 10.4
Mg Ko 1253.6 | 1.38e+3 | 15.15 | 1.32 2.9
Al Ko 1486.7 | 8.70e+2 | 14.91 | 0.99 8.3
Si- Ka | 1740.0-|-5.74e+2 | 14.62 | 0.76 71
| Zr Le 20424 | 3.71e+2 | 1414 | 0.58 6.1
Mo Lo 2293.2 | 2.67e+2 | 1330 | 047 54
Cl Ko | 26224 | 1.89¢+3 | 1363 | 3.77 4.7
Ag Lo 2984.3 | 1.37e+ 3 | 1522 | 3.11 4.2
Ca Ko 3691.7 | 7.84e+2 | 16.07 | 2.20 3.4
| Ti Ka 4510.8 | 4.56e+2 | 16.34 | 1.57 2.7
V  Ka 4952.2 | 3.53¢e+2 | 16.38 | 1.33 2.5
Cr Ko | 5414.7 | 2.75e+2 | 1640 | 1.14 2.3
Mn Ko | 5898.8 | 2.17e+2 | 16.40 | 0.97 2.1
Co Ko 6930.3 | 1.37¢+2 [ 1637 [ 073 | 1.8
Ni Ka 7478.2 | 1.11e+2 |-16.35 | 0.63 1.7
Cu Ko 8047.8 | 8.98¢e+1 | 16.33 | 055 1.5
Ge Ka 9886.4 | 4.97e+1 | 16.27 | 0.37 1.3
Y Ko | 149880 | 1.48¢+41 | 16.16 | 017 0.8
‘Mo Ko | 17479.0 | 9.35¢+0 | 16.12 | 0.12 0.7
Pd Ko | 21177.0 | 5.24e4+0 | 16.09 | 0.08 0.6
Sn Ko | 25271.0 | 3.06e+ 0 { 16.06 | 0.06 0.5
Xe Ko | 29779.0 | 1.85¢+0 | 16.04 | 0.04 0.4

References: 8, 9, 29, 111, 176, 216.

Sulfur (S)
Z=16
. Atomic Weight = 32.064
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Chlorine (CI)

pa(barns/atom) = p(cm?/gm) x 58.87 ' o Z=17
E(keV)u(cm?/gm) = f2 x 1186.87 Atomic Weight = 35.453
Line E(eV) |u(cm®/gm)| £ - f2 A (R) o
" 102 | 2.04c+ 5 17.49 | 1215 o
| He . (I1) 21.1 | 5.50e+ 5 9.77 | 587.6
Na Lojs 30.5 | 1.70e+ 5 4.37 | 406.5 o |- A
Mg Los 49.3 | 1.32¢+4 0.55 | 251.5
Al Logs 724 | 219e+4 | 564 | 134 | 1m.2 _ /
Si Lz 91.5 | 1.92¢+4 | 567 | 1.48 ] 135.5 w— 2
Be K 108.5 | 1.62¢+4 | 558 | 1.48 | 1143
Sr M(¢ 1140 | 1.52¢+4 | 551 | 1.46 | 1088 |
Y M¢ 132.8 | 1.24e+4 | 513 | 139 | 934 0 ™
Zr M(¢ 151.1 | 1.04e+4 | 448 | 132 | 821 | : ‘
B Ko 183.3 | 7.54e+3 | 1.59 | 1.16 | 676 °
Mo M(¢ 192.6 | 6.94¢+3 | -098 | 113 | 644 , '
Ar Le 220.1 | 6.20e+4 | 2.39 [ 11.50 | 563 10 . 100 1000 10000
C Ko 277.0 | 504e+4 | 871 1177 | 448 : : :
Ag M(¢ '311.7 | 414e+ 4 | 11.05 | 1087 | 398 o
N Ko 392.4 | 2.76e+4 | 1404 | 911 | 316 ===
Ti Le 452.2 | 2.01e+4 | 1527 | 764 | 274 £
V Le 511.3 | 1.50e+4 | 15.89 | 6.48 | 242 f \ - N
0 Ko 524.9 | 1.41e+4 | 1599 | 624 | 236 \ y AN X
Cr La 572.8 | 1.14e+4 | 1624 | 552 | 216 R \
Mn Le 637.4 | 88le+3 | 1644 | 473 | 195 Co N
F Ko 676.8 | 7.59¢e+3 | 1650 | 4.33 | 183 : N
Fe Lo 705.0 | 6.86e+3 | 1654 | 4.07 | 17.6 ‘ N
Co Le 776.2 | 5.39¢+3 | 1657 | 352 | 16.0 3 \
Ni Lo 851.5 | 4.26e+ 3 | 16.57 | 3.06 14.6 =

Zn Lo 1011.7 | 2.73¢+4 3 | 16.49 2.33 12.3
Na Ko 1041.0 | 2.54e+ 3 | 16.47 2.23 11.9
Ge Lo 1188.0 | 1.80e+ 3 | 16.35 1.80 |. 10.4
Mg Ko 1253.6 | 1.56e+ 3 | 16.30 1.65 9.9

Al Ka 1486.7 | 9.93e+2 | 16.10 1.24 8.3

10°

10°

Si - Ko | 17400 | 658e+2 | 15.88 | 097 | 71 o
Zr Lo 20424 | 427e+2 | 1558 | 0.73 6.1 ey
Mo Le 2203.2 | 3.11e+2 | 1523 | 0.60 5.4 e
Cl Ka 2622.4 | 215¢+2 | 1431 | 048 47 S
Ag Lo 2084.3 | 1.51e+3 | 1455 | 3.79 42 3=
Ca Ko 3691.7 | 877e+2 | 1667 | 2.73 3.4 -
Ti Ka 4510.8 | 5.15¢+2 | 17.20 | 1.96 2.7 =
V Ka 4952.2 | 3.99e+2 | 17.31 1.67 235 o T T T T T
Cr Ka 5414.7 | 313e+2 | 17.37 | 1.43 2.3 = , .
TR +2 10 100 1000 10000

Mn Ko | 58088 | 2.47e+2 | 17.30 | 123 | 21
Co Ka | 69303 | 1.57e+2 | 17.40 | 092 | 18 : E (V)
Ni Ko | 74782 | 127e+2 | 1738 | o080 | 17 : : o
Cu Ko | 8047.8 | 1.03e+2 |17.37 | o0 | 15
Ge Ko 9886.4 5.72¢+1 17.31 0.48 1.3

'Y Ko |14988.0 | 1.71e+1 | 1719 | 022 | o8
Mo Ko | 174790 | 1.08e+1 | 1715 | o016 | o7 _ )
Pd Ko | 21177.0 | 611e40 | 1711 | o011 0.6 Edge Energies
Sn Ka | 25271.0 | 358e+0 | 1708 | 008 | o5 - K 28224eV Ly 27026V
Xe Ko | 20779.0 | 217e+0 [ 1706 [ 005 | 0.4 Lyy 2016 eV

L1z 200.0 eV

References: 8, 29, 111, 176.

48



pa(barns/atom) = u(cm?/gm) x 66.34

E(keV)u(cm?/gm) = f2 x 1053.32

Line E(eV) |p(cm¥/gm)| £ f2 X (A)
H 10.2 000 | 1215
He (II) 21.1 | 5.59e+ 5 11.20 | 587.6
Na L2 305 | 3.93e+5 11.38 | 406.5
Mg Lz3 49.3 | 1.35e+ 4 0.63 | 251.5
Al L2z | = 724 ] 2.13e+4 | 614 | 147 | 1712
Si Laga 91.5 | 2.09e+4 | 612 | 1.82 | 135.5
Be K 1085 | 1.84e+4 | 619 ] 1.90 | 114.3 |
Sr M¢ 114.0 | 1.76e+4 | 620 | 1.91 { 108.8
Y M¢ 132.8 | 1.40e+4 | 615 | 1.77 93.4
Zr M¢ 151.1 | 1.16e+4 | 5.84 | 1.67 82.1
B Ka 183.3 | 8.80e+3 | 4.91 1.53 | 67.6
Mo M(¢ 192.6 | 8.06e+3 | 4.48 | 1.47 64.4
Ar L¢ 220.1 | 6.00e+3 | 2.08 | 1.25 56.3
C Ka 277.0 | 5.62e+4 | 5.48 | 14.79 44.8
Ag M¢ 311.7 | 4.09e+4 | 888 | 12.11 39.8
N Ko 392.4 | 2.96e+4 | 13.68 | 11.03 31.6
Ti Lo 452.2 | 2.18¢+4 | 15.02 | 9.34 27.4
V La 511.3 | 1.70e+4 | 1593 | 8.25 24.2
O Ko 524.9 | 1.6le+4 | 16.11. | 8.03 23.6
Cr Le 572.8 | 1.33e+4 | 16.68 | 7.22 21.6 |
Mn Lo 637.4 | 1.04e+4 | 1713 | 6.26 19.5
F Ko« 676.8 | 8.93e+3 | 17.29 | 5.74 18.3
Fe La 705.0 | 8.14e+3 | 17.38°| 5.45 17.6
Co Lo 776.2 | 6.45¢+ 3 | 17.58 | 4.75 16.0
Ni Lo 851.5 | 5.07e+3 | 17.67 | 4.10 14.6
Cu Lo 929.7 | 4.05e+3 | 17.68 | 3.57 13.3
Zn La 1011.7 | 325e+3 { 1767 | 312 12.3
Na Ko 1041.0 | 3.01e+3 | 17.65 | 2.98 11.9
Ge La 1188.0 | 2.12¢+3 | 17.56 | 2.39 10.4
Mg Ko 1253.6 | 1.84e+3 | 17.51 | 2.19 9.9
Al Ko | 14867 | 116e+3 1731 | 1.64 8.3
Si- Ko '} 1740.0 [ -7-68¢+2 | 17.09 | 1.27 7.1
Zr Lo 20424 | 5.03e+2 | 16.84 | 0.98 6.1
Mo Lo 22932 | 3.69%+2 | 1661 | 0.80 5.4
Cl Ko 2622.4 | 2.56e+2 | 16.19 | 0.64 4.7
Ag Lo 2984.3 | 1.78¢+ 2 | 15.24 | 0.51 4.2
Ca Ko 3691.7 | 9.78+2 | 16.85 | 3.43 34
Ti Ke, 4510.8 | 5.80e+2 | 17.95 | 2.48 2.7
V Ko 4952.2 | 4.51e+2 | 1816 | 212.| 25
Cr Ko 5414.7 | 3.54e+2.| 1829 | 1.82 2.3.
Mn- Ke 5898.8 | 2.80e+2 | 1836 | 1.57 2.1
Co Ko 6930.3 | 1.79¢e+2 | 1841 | 1.8 1.8
Ni Ko 74782 | 1.45¢+ 2 | 18.41 1.03 1.7
Cu Ko 8047.8 | 1.18¢+2 | 1841 | 0.90 1.5
Ge Ko 9886.4 | 6.58¢+1 | 18.36 | 0.62 1.3
Y Ko | 14988.0 | 1.98e+1 | 18.22 | 028 0.8
Mo Ko | 17479.0 | 1.26e+1 | 1818 | 0.21 0.7
Pd Ka | 21177.0 | 7.11e+ 0| 1813 | 0.14 0.6
Sn Ko | 25271.0 | 4.18¢+4+ 0 | 1810 | 0.10 0.5 .
Xe Ko [ 29779.0 | 2.54e+0 | 18.07 | 0.07 0.4

ﬂ (cm”/gm)

K . 32059eVe I

e Argon (Ar)
4 Z = 18
Atomic Weight = 39.948

20

10 . 100 " 1000 - 10000

'N
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10°° 10

10 100 1000

N
Edge Energies :
326.3 eV  Mp 29.3 eV®

L1y  250.6 eV® M 159 eV®
Lyjp 2484 eV . My 158 eV°

References: &, 9, 11, 13, 15, 38, 62, 65, 68, 70, 81, 83, 95, 111, 132, 140, 143, 151, 153, 161, 162, 164, 176, 187, 194.



Potassium (K)

pa(barns/atom) = p(cm?/gm) X 64.91 _ Z=19
E(keV)u(cm?/gm) = f2 x 1076.44 : Atomic Weight = 39.090
Line | E(eV) |w(em¥em)| & | £ |2 (4) Q
H , 10.2 | 3.75e+ 3 0.36 | 1215
He (II) 21.1 | 321e+5 . 6.29 | 587.6 o
Na Lo 30.5 | 5.55e+5 15.74 | 406.5 N 1/
Mg L3 49.3 | 31le+4 1.42 | 2515 v /1 ™
Al Las 72.4 | 1.97e+4 | 736 | 1.33 | 171.2 0 /‘
Si Logs 91.5 | 240e+4 | 733 | 204 | 1355 -
Be K 108.5 | 211e+4 | 746 | 213 | 1143 e ‘\
Sr Mc¢ 114.0 | 2.03e+4 | 748 | 214 | 108.8 ~
Y M¢ 132.8 | 1.74e+4 | 756 | 214 | 93.4 : © AY
Zr Mc¢ 1511 | 149 +4 | 752 | 2.09 | 821 '
B Ka 183.3 | 114e+4 | 724 | 1.94 | 676 | o
Mo M¢ 192.6 | 1.06e+4 | 7.09 | 1.89 | 644 - ' _
Ar L¢ | 2201 | 852¢+3 | 637 | 174 | 563 10 100 1000 10000
¢ Ka 277.0 | 5.73¢+3 | 1.24 | 1.48 | 448
-Ag M¢ | 3117 | 5.02e+4 | 313 [ 1454 | 39.8 ° /
N Kea 392.4 | 354e+4 | 11.38 | 12.90 | 31.6 - F
Ti La | 4522 | 270e+4 | 1447 | 11.35 | 27.4 .
V La 511.3 | 2.05e+4 | 1614 | 975 | 242 | N
0 Ka 524.9 | 1.93e+4 | 1640 | 943 | 236 AN
Cr La 572.8 | 158e+4 | 1711 | 840 | 216 « / ™ -\, M
Mn Lo 637.4 | 123e+4 [17.71 | 720 | 195 i N
F Ko 676.8 | 1.07e+4 | 1797 | 6731 183 ' B Y
Fe La 705.0 | 969¢+3 | 1814 | 634 | 176 : A
Co Lo 776.2 | 7.55¢+3 | 1837 | 545 | 16.0
Ni La 851.5 | 5.95e+3 | 18.42 | 471 | 146 S
Cu La || 929.7 | 491e+3 | 1841 | 424 | 133

Zn La 1011.7 | 4.04e+3 | 1852 | 3.80 | 123
Na Ko 1041.0 | 3.76e+3 | 1853 | 3.64 | 11.9
Ge La | 1188.0 | 2.70e+ 3 | 1854 | 2.98 | 10.4
Mg Ko 1253.6 | 2.35e+3 | 18.53 | 2.74 9.9

Al K« 1486.7 | 1.51e+ 3 | 18.41 2.08 8.3
Si- Ka | 1740.0 -} 9.97¢+ 2 | 18.25 1.61 71
Zr Lo 2042.4 | 6.46e+ 2 | 18.04 1.23 6.1
Mo Lo 2293.2 | 4.72¢+2 | 17.86 1.01 5.4
Cl Ko 2622.4 | 3.27e+ 2 | 17.57 0.80 4.7

Ag Lo 2984.3 | 229+ 2 | 17.13 | 0.64 4.2
Ca Ko 3691.7 | 1.24e+ 3 | 15.02 4.24 3.4
Ti K« 4510.8 | 719+ 2 | 18.52 3.01 2.7

w (em*/gm)
10 100 1¢ 10° 100 100 10°

1 } | RN Dbl L LI FJ_LILJJH

V K« 4952.2 | 5.58e+ 2 | 18.91 2.57 2.5

Cr Ko 5414.7 | 4.38¢+2 | 19.13 2.21 2.3 | 10 100 1000 10000
Mn Ko 5898.8 | 3.47e+2 | 19.26 1.90 21 i E (ev)

Co Ka 6930.3 | 2.24e+2 | 19.38 1.44 1.8 o

Ni Ko« 7478.2 | 1.82¢+ 2 | 19.41 1.27 1.7
Cu Ko 8047.8 | 1.48e+2 | 19.42 110 p 15
Ge Ka 9886.4 | 830e+ 1 | 19.37 0.76 1.3

Y Ko | 149880 | 254e+1 | 19.26 | 0.35 0.8 ,

Mo Ko | 17479.0 | 162¢4+1 | 1921 | 026'| o7 . )

Pd Ke | 21177.0 | 920e+0 | 19.16 | 01s 0.6 Edge Energies

Sn Ko | 25271.0 | 5.42¢+ 0 | 19.12 0.13 0.5 K  3608.4eVe Ly 3786eV® M; 348eV®

Xe Ko | 29779.0 | 3.30e+0 | 19.09 | 0.09 0.4 Lyp 297.3eV® My 183 eV°
. . L1y 294.6 eV® My 183 eV©
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ua(bams/aﬁom) = p(cm?/gm) X 66.56

E(keV)u(cm?/gm) = f2 x 1049.86
Line E(eV) |{p(cm?gm)| £ f2 A (A)
H 10.2 | 4.72e+ 3 0.46 | 1215
He (I 21.1 | 1.00e+ 4 0.20 | 587.6
Na Lo3s 30.5 | 2.74e+ 5 7.97 | 406.5
Mg Lo 49.3 | 1.02e+ 5 - 478 | 251.5
Al Logs 724 | 1.38¢e+4 | 912 | 095 | 171.2
Si Lo 91.5 | 2.12e+4 | 823 | 1.85 | 135.5
Be K 108.5 | 2.25e+4 | 829 | 2.33 | 114.3
Sr M¢ 114.0 | 2.24e+4 | 835 | 2.43 | 108.8
Y M¢ 132.8 | 2.05e+4 | 853 | 259 | 934
Zr M¢ 151.1 | 1.88e+4 | 877 | 2.1 82.1
B Ko« 1833 | 1.44e+4 | 9.04 | 251 67.6
Mo M(¢ 192.6 | 1.32¢e+4 | 9.01 | 2.42 64.4
Ar L¢ 220.1 | 1.06e+4 | 874 222 56.3
C Ka 277.0 | 695¢+3 | 7.39 | 1.83 | 44.8
Ag M¢ 311.7 .| 5.65e+ 3., 516 | 1.68 | 39.8
N Ka 392.4 | 3.57e+4 | 826 | 1334 | 316
Ti Lo | . 452.2 | 3.01e+4 | 12.63 | 12.97 27.4
V. La 511.3 | 2.33e+4 | 15.44 | 11.35 24.2
0 Ka 524.9 | 2:20e+4 | 15.85 | 11.01 23.6
Cr Le 572.8 | 1:82e+4 | 16.98 | 9.91 21.6
Mn Lo 637.4 | 1.43e+4 | 17.98 | 8.67 19.5
F Ko 676.8 | 1.24e+4 | 1837 | 7.98 18.3
Fe Lo 705.0 | 1.13e+4 | 1861 | 7.60 17.6
Co La 776.2 | 9.00e+3 | 19.08 | 6.66 | 16.0
Ni Lo 851.5 | 7.16e+3 | 19.36 | 5.81 14.6
Cu Lo 929.7 | 5.77e+3 | 19.53 | s5.11 13.3
Zn Lo 1011.7 | 4.68e+ 3 | 19.63 | 4.51 12.3
Na Ko 1041.0 | 4.36e+ 3 | 19.65 | 4.32 11.9
Ge Lo 1188.0 | 3.1le+ 3 |.19.69 | '3.52 10.4 |
Mg Ko 12536 | 2.71e+3 | 19.68 3.24 9.9
"Al Ke 1486.7 | 1.75¢+ 3 | 19.60 | 2.48 8.3
Si- Ka 1740.0-}-1.15e+ 3 | 19.47 | 1.90 7.1
Zr La 20424 | 7.41e+2 |'19.28 | 1.44 6.1
Mo Lo 22932 | 5.40e+2 | 1911 | 118 5.4
Cl Ko 2622.4 | 3.75¢+2 | 1888 | 0.94 4.7
Ag Lo 2984.3 | 2.64e+2 | 1859 | 0.75 4.2
Ca Ko 3691.7 | 1.50e+2 | 17.56 | 0.53 3.4
Ti Ka 4510.8 | 8.12¢+2 | 18.60 |. 3.49 2.7
V. Ka 4952.2 | 6.37e+2 | 19.39 | 3.00 2.5
Cr Ka 5414.7 | 5.03e+2 | 19.81 | 2.59 2.3
Mn Ko 5898.8 | 4.00e+2 | 20.06 | 225 2.1
Co Ko« 6930.3 | 2.58¢+2 | 2030 | 1.71 1.8
Ni Ko 7478.2 | 2.10e+2 | 20.35 | 1.49 1.7
Cu Ka 8047.8 | 1.71e+2 | 2038 | 1.31 1.5
Ge Ko 98864 | 9.65¢+1 | 20.39 | o0.91 1.3
Y Ko | 149880 | 2.96e+1 | 2028 | 0.42 0.8
Mo Ko | 17479.0 | 1.89e+1 | 2023 | 0.32 0.7
Pd Ko | 21177.0 | 1.08¢+1 | 20.18 | 0.22 0.6
Sn - Ka | 25271.0 | 6.36e+0 | 2013 | 0.15 0.5
Xe Ko | 29779.0 | 3.88¢+0 | 2010 | 011 04

References: 196.
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Calcium (Ca)
Z =20
Atomic Weight = 40.080
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ta(barns/atom) = p(cm?/gm) x 74.65
E(keV)u(cm?/gm) = f2 x 935.99

Line E(eV) |u(cm?/ gm) f, £ A (A)
H 10.2 | 6.62e+ 4 7.22 | 1215
He (II) 21.1 | 3.60e+ 4 0.81 | 587.6
Na L23 30.5 | 1.95e+ 4 0.63 | 406.5
Mg Lz3 49.3 | 1.66e+5 8.76 | 251.5
Al Lo 72.4 | 303e¢+4 | 9961 234 | 1712
Si Las 91.5 | 2.84e+4 | 933 | 278 | 135.5
Be K 108.5 | 2.50e+4 | 9.45 2.89 | 114.3
Sr M¢ 114.0 | 2.39e+4 | 950 | 2.91 | 108.8
Y M¢ 1328 | 2.07e+4 | 965 | 2.93 93.4
Zr M¢ 151.1 | 1.82¢+4 | 984 | 2.94 82.1
B Ko 183.3 | 1.42e+ 4 | 10.04 | 2.78 67.6
Mo M(¢ 192.6 | 1.32¢+4 | 1007 | 2.72 64.4
Ar L¢ 220.1 | 1.08¢e+4 | 10.05 | 2.54 56.3
C Ko 277.0 | 7.45¢e+ 3| 948 | 2.20 44.8
Ag M¢ 311.7 | 6.03e+3 | 870 | 2.01 39.8
N Ko 392.4 | 3.98¢e+3 | -0.54 { 1.67 31.6
Ti Lo 452.2 | 2.89e+4 | 9.41 | 13.96 27.4
V La 511.3 | 2.51e+4 | 12.84 | 13.71 24.2
O Ka 524.9 | 2.36e+ 4 | 14.01 | 13.25 23.6
Cr La 572.8 | 1.95e+4 | 16.13 | 11.93 21.6
Mn Lo 637.4 | 1.54e+4 | 17.79 | 10.46 19.5
F Ko 676.8 | 1.33e+4 | 1843 | 9.63 18.3
Fe Lo 705.0 | 1.22e+4 | 18.80 | 917 17.6
Co Lo 776.2 | 9.72¢+ 3 | 19.54 | 8.06 16.0
Ni Lo - 851.5 | 7.75e+ 3 | 20.01 7.05 14.6
Cu Lo 929.7 | 6.25¢+3 | 20.31 | e.21 13.3
Zn Lo 1011.7 | 5.07e+3 | 20.50 | 5.48 12.3
Na Ko 1041.0 | 4.72¢+ 3 | 20.54 | 5.25 11.9
Ge Lo 1188.0 | 3.38¢+3 | 2067 | 4.30 10.4
Mg Ko 1253.6 | 2.96e+ 3 | 20.68 | 3.96 9.9
Al Ko 1486.7 | 1.91e+3 | 20.66 | 3.04 83
Si - Ko 1740.0 -] ‘1.27e+ 3 | 20.55 2.37 71
Zr Lo 2042.4 | 837¢+2 | 20.40 | 1.83 6.1
Mo La 2293.2 { 6.16e+2 | 20.26 | 1.51 5.4
Cl Ko 2622.4 | 4.31e4+2 | 20.08 | 1.21 4.7
Ag Lo 2984.3 | 3.04e+2 | 19.86 | 0.97 4.2
Ca Ko 3691.7 | 1.70e+ 2 | 19.27 | 0.67 34
Ti K« 4510.8 | 847¢+2 | 14.24 | 4.08 2.7
V Ko« 4952.2 | 6.74e+2 | 19.40 | 3.57 2.5
Cr Ko 5414.7 | 5.38e+2 | 20.26 | 3.11 2.3
Mn Ko 58988 | 431e+2 | 2072 | 2.72 2.1
Co Ko 6930.3 | 2.8le+2 | 2117 | 2.08 1.8
Ni Ko« 7478.2 | 2.29¢+4+ 2 | 21.28 | 1.83 1.7
Cu Ko 8047.8 | 1.87e+2 | 21.34 | 161 1.5
Ge Ko 9886.4 | 1.06e+2 | 21.41 1.12 1.3
Y Ko | 14988.0 | 3.21e+ 1 | 21.32 0.51 0.8
Mo Ko | 17479.0 | 2.05e+1 | 2127 | o0.38 0.7
Pd Ko | 21177.0 | 1.17e+1 | 21.21 0.26 0.6
Sn Ko | 25271.0 | 6.90e+ 0 | 21.16 | 0.19 0.5
Xe Ko | 29779.0 | 4.22¢+ 0 | 21.12 013 | - 04

References: 33,48, 59, 76, 107, 108, 131.
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Atomic Weight = 44.956
w
N
&
/
w ' ' i
o LA,
0
(o)
10 100 1000 10000
= hy
AN
AN N
- h
N
o
10 100 1000 10000
°
=
©
=
10 100 1000 10000
E (eV)
Edge Energies
4492.8 eV 498.0 eV*  M; 51.1 eV®
403.6 eV*® My 283 eVe
Liyr 398.7eV® My 283 eVe




ua(barns/atom) = p(cm?/gm) x 79.54
E(keV)u(cm?/ gm) = f2 x 878.46

Xe Ko 29779.0 | 4.62¢+ 0 | 22.13

Line E(eV) |u(cm¥/gm)| £ f2 X (A)
H 10.2 | 2.04e+ 5 2374 | 1215
He (I | 211 | 1.4le+5 3.39 | 587.6
Na Lz | 305 | 1.35e+-5 4.69 | 406.5
Mg Las 49.3 | 2.34e+5 13.11 | 251.5
Al Log. 72.4 | 465e+4 | 1122 | 383 | 1112
Si Lojs 91.5 | 3.60e+4 | 1014 | 375 | 1355
Be K 108.5 | 3.09¢+4 | 10.36 | 3.82 | 114.3
Sr M¢ 114.0 | 2.91e+4 | 1046 | 3.77 | 108.8
Y M¢ 132.8 | 2.42¢+ 4 | 1056 | 3.65 | 93.4
Zr M¢ 151.1 | 2.13e+4 | 10.77 | 366 | 821

| B Ka 183.3 | 1.68e+4 | 1115 | 350 | 67.6
Mo M(¢ 192.6 | 1.58e+4 | 11.23 | 3.47 | .64.4
Ar L¢ 220.1 | 1.29¢e+4 | 11.47 | 323 | 563
C Ka 277.0 | 8.63e+3 | 11.31 | 272 | 448
Ag M¢ 311.7 | 6.96e+3 | 1094 | 2.47 | 398
N Ko | 3924 | 436e+3 | 868 | 1.95 31.6
Ti Lo 4522 | 3.32¢+3 | -318 | 171 | 274
V Lo 511.3 | 2.34e+ 4 | 10.73 | 13.63 | . 242
0 Ko 524.9 | 2.21e+ 4 | 11.68 | 1323 | 236
Cr Le 572.8 | 2.02¢+4 | 1350 | 1318 | 21.6
Mn Lo 637.4 | 1.67e+4 | 17.00 | 12.13 | 195
F Ka. 676.8 | 1.46e+ 4 | 18.05 | 11.21 18.3
Fe Lo | 705.0 | 1.33¢e+4 | 18.64 | 10.70 17.6
Co La 776.2 | 1.07e+ 4 | 1977 | 9.42 16.0
Ni Lo 851.5 | 8.55¢+3 | 2049 | 829 | 14.6
Cu Lo 929.7 | 6.93e+3 | 2098 | 7.33 | 133
Zn Lo 1011.7 | 5.63e+3 | 21.31 | 648 | 123
Na Ka 10410 | 5.25¢+43 | 2140 | 6221 11.9

{ Ge Lo 11880 | 3.77e+3 | 2166 | 510 | 104
Mg Ko 1253.6-| 3.30e+ 3 | 21.72 | 4.71 9.9
Al Ko 1486.7 | 2.14e+ 3 | 21.79 | 3.61 8.3
Si- Ka |-.1740.0-| 1.4le+3 | 21.73 | 2.80 7.1
Zr Lo 2042.4 | 9.2de+2 | 21.59 | 2.15 61
Mo Lo 22932 | 6.77e+2 | 2146 | 1.77 5.4
Cl Ka 2622.4 | 4.72¢+2 | 21.28 | 1.41 47
Ag Lo 2984.3 | 3.33e+2 | 21.09 | 113 42
Ca Ka 3691.7 | 1.87e+2 | 20.66 | 0.79 3.4
Ti Ka 4510.8 | 1.08¢+2 | 1972 | o056 | 2.7
V K« 49522 | 2.47¢+2 | 17.61 | 1.39 2.5 .
Cr Ka 5414.7 | 5.77e+2 | 20.30 | 3.56 2.3
Mn Ko 5898.8 | 465e+2 | 2120 | 312 2.1
Co Ka 6930.3 | 3.05e+2 | 21.96 | 2.41 1.8 -
Ni Ka 74782 | 2.49¢+2 | 22.14 | 2.12 1.7
Cu Ka 8047.8 | 2.04e+2 | 22.26 | 1.87 15
Ge Ka 9886.4 | 1.15e+2 | 22.42 | 1.30 1.3
Y Ko | 149880 | 3.48¢+1 | 22.34 | 0.59 0.8
Mo Ka | 17479.0 | 2.23e+1 | 22.29 | 0.44 0.7
Pd Ko | 21177.0 | 1.27e+1 | 22.23 | 0.31 0.6
Sn Ko | 25271.0 | 7.53e+0 | 22.17 | 0.22 0.5
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References: 33, 48, 52, 59, 76, 99, 105, 107, 108, 123, 127, 130, 131, 139, 160, 180, 181, 200, 219, 223, 227, 230, 232.



ta(barns/atom) = u(cm?/gm) x 84.59

E(keV)u(cm?/gm) = f2 X 826.00

Line E(eV) |p(cmPegm)| £ £ 2 ()
H 10.2 | 9.16e+ 4 11.31 | 1215
He (I 21.1 | 1.18e+ 5 3.01 | 587.6
Na Lgz,3 305 | 4.87e+ 4 1.80 | 406.5
‘Mg L3 49.3 | 1.30e+5 7.74 | 251.5
Al Lo 72.4 | 5.50e+4 | 986 | 4.82 | 171.2
Si Lz 91.5 | 3.84e+4 | 965 | 425 | 1355
Be K 108.5 | 3.37e+4 | 9.88 | 443 | 114.3
Sr M¢ 114.0 | 3.27e+ 4 | 10.01 452 | 108.8
Y M¢ 132.8 | 2.86e+4 | 10.59 | 4.60 93.4
Zr M(¢ 151.1 | 2.50e+4 | 11.03 | 4.57 82.1
B Ko 183.3 | 1.99e+4 | 11.76 | 4.41 | 67.6
Mo M(¢ 192.6 | 1.86e+4 | 11.94 4.33 64.4
Ar L¢ 220.1 | 1.50e+4 | 12.30 | 4.00 56.3
C Ko 277.0 | 1.01e+4 | 12.55 | 3.40 44.8
Ag M(¢ 311.7 | 8.10e+3 | 1247 | 3.06 39.8
N Ko 392.4 | 5.06e+3 | 11.40 { 2.41 31.6
Ti Lo 452.2 | 368e+3 | 924 ] 2.02 27.4
V La 511.3 | 7.23¢e+3 | 0.41 4.47 24.2
0 Ko 5249 | 2.42¢+4 | 324 | 1541 23.6
Cr L« 572.8 | 2.0le+4 | 11.20 | 13.96 21.6
Mn Lo 637.4 | 1.80e+4 | 15.12 | 13.86 | 195
F Ko« 676.8 | 1.58¢+ 4 | 17.06 | 12.92 18.3
Fe Lo 705.0 | 1.44e+4 | 17.97 | 12.33 17.6
Co La 776.2 | 1.16e+ 4 | 19.63 | 10.92 16.0
Ni  Le 851.5 | 9.37e+3 | 20.70 | 9.66 14.6
Cu Lo 920.7 | 7.61e+3 | 21.43 | 857 13.3
Zn Lo 1011.7 | 6.20e+3 | 21.94 { 7.60 12.3
Na Ka 1041.0 | 5.79e+ 3 | 22.07 | 7.30°| 11.9
Ge La 1188.0 | 4.18¢+ 3 | 22.50 | 6.01 10.4
Mg Ko 1253.6 | 3.65e+3 | 22.62 | 5.55 9.9
Al Ko 1486.7 | 2.38¢+3 | 22.80 | 4.28 8.3
Si- Ko | 17400 -{ 1.58¢+ 3 | 22.80 | 3.33 7.1
Zr Lo 2042.4 | 1.04e+3 | 2270 | 257 | - 6.1
Mo Lo 2293.2 | 7.64e+2 | 22,59 | 212 5.4
Cl Ko 2622.4 | 5.34e+2 | 22.43 | '1.70 47
Ag Lo 2984.3 | 3.77e+ 2 | 22.26 | 1.36 4.2
Ca Ko 3691.7 | 2.12e+2 [ 21.90 | 0.95 3.4
Ti Ko 4510.8 | 1.23e+2 | 21.34 | 0.67 2.7
V Ko 49522 | 9.50e+1 | 2077 | o0.57 2.5
Cr. Ko 54147 | 7.42e+1 | 1818 | 049 2.3
Mn Ko 5898.8 | 5.03¢+2 | 21.16 | 3.59 2.1
Co Ko 6930.3 | 3.34e+2 | 22.60 | 2.80 1.8
Ni Ko 7478.2 | 2.74e+2 | 22,90 | 2.48 1.7
Cu Ko 8047.8 | 2.25e+2 | 23.10 | 2.19 1.5
Ge Ko 9886.4 | 1.28¢+2 | 23.38 | 1.53 1.3
Y Ko | 149880 | 3.90e+1 | 23.36 | 071 0.8
Mo Ko | 17479.0 | 2.50e+1 | 2332 | 053 0.7
Pd Ka | 21177.0 | 1.43e+1 | 23.25 | 0.37 0.6
Sn Ko | 25271.0 | 850e+0 | 2320 | 026 | 0.5
Xe Ka | 29779.0 | 5.22¢+0 | 2315 | 0.19 0.4

References: 33, 86, 105, 123, 130, 139, 177, 181, 200.
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pa(barns/atom) = u(cm?/gm) x 86.34
E(keV)u(cm?/gm) = f2 x 809.26

Line E(eV) u(_cmz/gm) f1 f2 A (A)
H 10.2 | 8.84e+ 4 11.15° | 1215
He (I 21.1 | 1.6le+5 © 420 | 587.6
Na Lp3 305 | 7.38¢+4 |. 2.78 | 406.5
Mg Lo s 49.3 | 1.08¢+ 5 6.59 | 251.5
Al Lps | 724 | 73%+4 | 932 | 661 | 171.2
Si Lo 91.5 | 5.06e+4 | 990 | 572 | 1355
Be K 108.5 | 4.18e+4 | 10.22 | 5.60 | 114.3
Sr M¢ 114.0 | 4.04e+ 4 | 1037 | 5.68 | 108.8
Y M¢ 132.8 | 3.48e+4 | 11.17 | 5.72 93.4
Zr M¢ 151.1 | 2.96e+4 | 11.76 | 553 82.1
B Ka 183.3 | 2.2de+4 | 12.64 | 5.08 67.6
Mo M(¢- 192.6 | 2.08e+4 | 12.75 | 4.94 64.4
Ar L¢ 220.1 | 1.72e+4 { 1313 | 4.68 56.3
C Ko 277.0 | 1.19¢+ 4 | 1359 | 4.07 44.8
Ag M¢ 311.7 | 956e+3 | 13.69 | 3.68 39.8
N Ko 392.4 | 5.85e+3 | 13.21 | 2.84 31.6
Ti Lo 452.2 { 4.40e+3 | 12.09 | 246 | 274
V .Lo 511.3 | 3.47e+3 | 990 | 219 24.2
0 Ko« 524.9 | 3.29¢e+3 | 899 ] 213 23.6
Cr La 572.8 | 1.19¢e4+ 4 | -0.41 | 8.40 21.6
Mn Lo 637.4 | 1.80e+4 | 12.37 | 1415 19.5
F Ko 676.8 | 1.60e+ 4 | 14.07 | 13.40 18.3
Fe Lo 705.0 | 1.67e+4 | 14.78 | 14.56 17.6
Co La 776.2 | 1.37e+4 | 18.59 | 13.14 16.0
Ni La 851.5 | 1.12¢e+ 4 | 20.69 | 11.76 14.6
Cu La 929.7 | 893e+3 | 21.85 | 10.26 | 13.3
Zn Lo 1011.7 | 7.21e+ 3 | 22.61 | 9.02 12.3
Na Ko 1041.0 | 6.73¢e+3 | 22.79 | 866 11.9
Ge La 1188.0 | 4.85e+3 | 23.43 | 7.12 10.4
Mg Ko 1253.6 | 4.25e+3 {2361 | 658 | 9.9
Al Ko 1486.7 | 2.76e+3 | 23.94 | 5.07 8.3
Si - Ko 1740.0 -|-1.83e+ 3 | 2402 | 393 | 71
Zr Lo 20424 | 1.19¢+ 3 | 2394 | 3.01 6.1
Mo La 2293.2 | 8.70e+2 | 23.84 | 2.46 5.4
Cl Ko 26224 | 6.03e+2 | 2367 | 1.95 4.7
Ag La 2984.3 | 4.23¢+2 | 2349 | 156 4.2
Ca Ko 3691.7 -| 2.35e+2 | 2315 | 1.07 3.4
Ti Ka 4510.8 | 1.36e+ 2 | 22.72 076 | 2.7
V Ka 4952.2 | 1.05e+2 | 22.40 | 064 2.5
Cr K« 5414.7 | 827e+1 | 21.88 | 0.55 2.3
Mn Ko 5898.8 | 7.40e+1 | 20.12 | 0.54 2.1
Co Ko« 6930.3 | 3.6le+2 | 23.04 | 3.09 1.8
Ni Ko | 74782 | 2.97e+2 | 2353 | 2.75 1.7
Cu Ko 8047.8 | 2.45e+2 | 23.83 | 2.44 1.5
Ge Ko 9886.4 | 1.42e+2 | 24.22 | 1.73 1.3
Y Ko |[14988.0 | 4.49¢+1 | 24.36 | 083 0.8
Mo Ko | 17479.0 | 2.89¢+1 | 24.33 | 0.62 0.7
Pd Ko | 21177.0 | 1.66e+1 | 24.27 | 0.43 0.6
Sn Ko | 25271.0 | 9.88¢4+0 | 2421 | 0.31 0.5
Xe Ko | 29779.0 | 6.08¢e+0 | 2416 | 0.22 0.4

References: 49, 76, 107, 108, 127, 139, 159, 181, 223, 230.
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#a(barns/atom) = u(
E(keV)u(cm?/gm) = f, x 765.92

cm?/gm) x 91.23

Line E(eV) |u(cm?gm)| £ f2 A (A)
H : 10.2 | 1.45e+ 5 19.35 | 1215
He (ID) 21.1 | 1.43e+ 5 3.95 | 587.6
Na La3s 30.5 | 819e+ 4 | 3.26 | 406.5
Mg L3 49.3 | 7.52¢+ 4 4.84 | 2515
Al Lojs 72.4 | 590e+4 | 1019 | 558 | 171.2
Si Lo 91.5 | 4.07e+4 | 1031 | 4.86 | 135.5
Be K 1085 | 3.56e+4"| 1034 | 5.05 | 1143
Sr M¢ 114.0 | 3.47e+4 | 1045 | 5.16 | 108.8
Y Mc¢ 132.8 | 3.20e+ 4 | 11.02 5.54 93.4
Zr M(¢ 151.1 | 2.92e+4 | 11.74 | 5.76 | 821
B Ka 183.3 | 2.35e+4 | 12.76 | 5.62 67.6
Mo M(¢ 192.6 | 2.21e+4 | 1299 | 5.56 64.4
Ar L¢ 220.1 | 1.88e+4 | 1361 | 5.42 56.3
C Ka 277.0 | 1.30e+4 | 1468 | 4.71 44.8
Ag M(¢ 311.7 | 1.04e4+4 | 1491 | 4.21 39.8
N Ke 392.4 | 651le+3 | 1478 | 3.34 31.6
Ti Lo 452.2 | 4.79¢e+3 | 1427 | 2.83 ] 274
V Le 511.3 | 3.66e+ 3 | 1318 | 2.45 24.2
0 Ko« 5249 | 3.47e+3 {1282 | 2.38 | 236
Cr La 572.8 | 290e+3 | 1097 | 217 | 216
Mn Lo 637.4 | 10le+4 | 018 | 837 | 195
F Ko 676.8 | 1.76e+ 4 | 10.30 | 15.52 18.3

.Fe La 705.0 | 1.61e+4 | 1325 | 1480 | 17.6
Co Lo 776.2 | 1l44e+4 | 16.25 | 1463 | 16.0
Ni L« 851.5 | 1.16e+4 | 19.76. | 12.87 | 14.6
Cu Lo 929.7 | 9.47e+3 | 21.42 | 11.49 13.3
Zn La 1011.7 | 7.76e+ 3 | 22.56 | 10.25 12.3
Na Ko | 10410 | 7.25¢e+3 | 22.87 | 9.86 | 11.9
Ge La 1188.0 | 526e+3 | 23.88 | 816 | 104
Mg Ko 12536 | 462¢+3 | 2416 | 7.56 9.9
Al Ko 1486.7 | 3.02¢+3 | 2472 | 5.87 8.3
Si- Ko | .1740.0-}-2.03¢+3 | 24.93 | 4.60 7.1
Zr Lo 20424 | 1.33e+ 3 | 2496 | 3.55 6.1
Mo Lo 22932 | 976e+2 | 2490 | 292 | 5.4
Cl Ko 2622.4 | 678¢+2 | 24.77 | 2.32 4.7
Ag La 2084.3 | 4.77e+2 | 2461 | 1.86 4.2
Ca Ko 3691.7 | 2.66e+2 | 2430 | 1.28 3.4
Ti Ko 4510.8 | 1.53e+2 | 23.93 | 0.90 2.7
V Ko 49522 | 1.19e+2 | 2370 | 0.77 2.5
Cr Ko 5414.7 | 933e+1 | 23.40 | 0.66 2.3
Mn Ko 58988 | 741e+1 | 2290 | 057 | . 21
Co Ko 6930.3 | 3.94e+2 | 22.89 | 3.56 1.8
Ni Ke 74782 | 3.25e+2 | 23.94 | 3a8 1.7
Cu Ko 8047.8 | 2.70e+ 2 | 24.46 | 2.83 1.5
Ge Ko 9886.4 | 1.57e+2 | 25.13 | 2.02 1.3 |
Y Ko | 149880 | 495e+1 | 25.37 | o0.97 0.8
Mo Ko | 17479.0 | 3.20e+1 | 25.35 | 0.73 0.7
Pd Ko | 211770 | 1.84e+1 | 25.290 | 051 0.6
Sn Ko | 25271.0 | 1.10e+1 | 25.23 | o0.36 0.5
Xe Ko | 297790 | 6.79e+0 | 25.18 | 0.26 0.4

References: 139, 181, 227.
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Iron (Fe)

pa(barns/atom) = p(cm?/gm) x 92.74 - - . ' Z =26
E(keV)p(cm?/gm) = f2 x 753.46 Atomic Weight = 55.847
Line E(eV) |u(cm¥egm)| £ | £ [ A4 8
H 10.2 | 1.07e + 5 1442 | 1215 © e
He (ID 21.1 | 112e+5 313 | 587.6 ~ 7
Na Lo 30.5 | 7.91e+ 4 : 3.20 | 406.5 ° \
Mg Lo s 49.3 | 3.88e+4 2.54 | 251.5 &
Al Loga 72.4 | 7.82¢+4 | 7.83 | 751 | 171.2 Y
w— 0 ]
Si Logs 91.5 | 6.19e+4 | 859 | 7.52 | 1355 / )
Be K 1085 | 5.42¢+4 | 960 | 7.80 | 114.3 o |
Sr M¢ 114.0 | 5.20e+4 | 993 | 7.87 | 108.8 ' - ' '
Y M¢ 132.8 | 453e+4 | 1112 | 798 | 934 ©
Zr M(¢ 151.1 | 3.93e+4 | 1213 | 789 | 821
B Ko 183.3 | 310e+4 | 1352 | 755 | 676 o .
Mo M¢ | '192.6 | 2.80e+4 | 13.95 | 7.42 | 644 10 100 1000 10000
Ar Le¢- 220.1 | 2.29¢+4 [ 1473 | 670 | 563 ' :
C Ka 277.0 | 1.63e+4 | 1568 | 600 | 448
Ag M¢ 311.7 | 1.30e+4 | 1615 | 5.39 | 39.8
N Ka 392.4 | 7.87e+3 | 1638 | 410 | 316 ‘o -"\
Ti Le - 452.2 | 5.74e+3 | 1606 | 344 | 274 T E X
V La | 511.3 | 435¢+3 | 15.41 | 2.95 | 24.2 S X
O Ko 524.9 | 409+ 3 | 1521 | 2.85 | 23.6 o —
Cr Lo 572.8 | 3.36e+3 | 1427 | 255 | 216 “— \\ N
Mn La 637.4 | 2.67e+3 | 11.95 | 226 | 195 / 4 \
F  Ka 676.8 | 2.33¢+3 | 866 | 200 | 183 - A\ \
Fe Lo 705.0 | 5.72¢+3 | 416 | 535 | 176 N
Co La 776.2 | 1.45e+4 | 14.30 | 1497 | 16.0 , : \C
Ni Lo | 8515 1.25e+4 |[17.33 | 1410 | 146 ] -
Cu Lo 929.7 | 1.07e+4 | 20.68 | 1319 | 13.3 o 10 100 1000 10000

Zn La 1011.7 | 8.77e+ 3 | 22.39 | 11.78 12.3

Na Ko 1041.0 | 8.20e+3 | 22.84 | 11.33 | 11.9 °
Ge La 1188.0 | 597¢+3 | 2432 | 941 | 104 .
Mg Ko 1253.6 | 5.24e+3 | 24.73 | 872 9.9 e
Al Ka | 14867 | 344e+3 | 2556 | 678 | 83 E -
Si- Ko | 1740.0-}-2:31e+3 | 25.01 | /5.32 71 D TE
Zr La 2042.4 | 1.52¢+3 | 26.01 | 412 | 61 O
Mo La 2293.2 | 1.12¢+3 | 25.98 | 3.40 5.4 £ <
Cl Ka | 2622.4 | 7.80e+2 | 25.88 | 2.72 47 24
Ag Lo 29843 | 5.50e+2 | 25.74 | 218 42 -

Ca Ko 3691.7 | 3.08e+2 | 25.45 | 1.51 3.4

Ti Ko 4510.8 | 1.78¢+2 | 25.12 | 1.07 2.7 -

V Ko 4952.2 | 1.38¢+2 | 2493 | 091 25 ko)

Cr Ka | 54147 | 1.08e4+2 | 2471 | 0.77 2.3 10 100 1000 - 10000
Mn Ko 5898.8 | 852¢+1 | 2442 | 0.67 2.1 ' ‘ E (eV)

Co Ka 6930.3 | 5.48¢+1 | 22.44 | 0.50 1.8 .

Ni Ko 7478.2 | 36le+2 | 2372 | . 358 1.7

Cu Ko | 8047.8 | 3.00e+ 2 | 24.85 3.21 1.5
Ge Ko 9886.4 | 1.76e+ 2 | 25.94 2.31 1.3

Y Ko | 14988.0-| 5.63e+1 | 26.37 112 0.8

Mo Ko 17479.0 | 3.65e+1 | 26.36 0.85 0.7 Edge Energ‘les

Pd Ko | 21177.0 | 210e+1 | 26.31 | 0.59 0.6 . .
Sn Ka | 25271.0 | 1.26e+41 | 26.25 | 0.42 05 |- K- 71120eV Ly 8446eVe My 9136V
Xe Ko | 29779.0 | 7.80e+0 | 2620 | 031 |~ 04 Ly 7199ev: My 527V

Ly 706.8 eV® My 52.7 eV?

References: 1, 2, 4, 17, 43, 47, 48, 52, 76, 86, 105, 127, 129, 130, 131, 139, 154, 159, 180, 181, 214, 223, 229.
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Cobalt (Co)

ta(barns/atom) = p(cm?/gm) x 97.86 : ' Z=27
E(keV)u(cm?/gm) = f2 X 714.00 . Atomic Weight = 58.933
Line E(eV) |[u(cm®gm)| f f2 X () 2 -
H 10.2 | 1.03e+ 5 1468 | 1215 ' L
He (ID) 211 { 1.21e+5 3.57 | 587.6 9
Na Los 30.5 | 1.02¢+5 434 ] 408.5 /
Mg L23 49.3 | 5.64e+4 3.90 | 251.5 <
Al Lgg 72.4 | 9.23e+4 | 7.30 | 936 | 171.2 A
Si Lz 91.5 | 6.95se+4 | 892 | 890 | 1355 w2 \
Be K 1085 | 5.94e+4 | 10.40 | 9.03 | 1143 °
Sr M¢ 1140 | 5.63e+4 | 1082 | 898 | 1088 - ‘ y
Y M¢ 132.8 | 475e+4 | 12.10 | 884 | 93.4 [
Zr M¢ | 1511 | 4.04e+4 | 1314 | 855 | 821 w
B Ka 183.3 | 3.09e+4 | 1460 | 7.93 | 67.6 o
Mo M(¢ 192.6 | 2.87e+ 4 | 14.94 7.74 64.4 10 100 1000 10000
Ar L¢ 2201 | 2.31e+4 | 1574 [ 713 | 363 | :
C Ka 277.0 | 1.55¢+4 | 1673 | 6.03 | 44.8
Ag M(¢ 311.7 | 1.25¢+4 | 17.05 | 546 | 398 _
N Ka 392.4 | 80le+3 [ 17.32 | 440 | 316 P ™
Ti La 452.2 | 6.01e+3 | 17.20 | 381 | 274 = = N
V Lo 511.3 | 4.66e+3 | 1685 | 333 | 242 SE A
O Ko | 5249 | 441e+3 | 1674 | 324 | 236 = A Y \C :
Cr Lo 572.8 | 3.67e+3 | 1621 | 295 | 21.6 - /‘ ™ \; s
Mn Lo 637.4 | 293¢+ 3 | 15.10. ] 262 | 195 / \ \
F Ka 676.8 | 2.57e+3 | 1400 | 2.44 | 183 - .
Fe Lo 705.0 | 2.37¢e+3 | 1278 | 234 | 17.6 _ C
Co Lo | 7762 | 2.20e+3 | -021 | 239} 160 ] v
Ni La 851.5 | 1.27¢+4 | 15.06 | 15.09 | 14.6 1

Cu Lo 920.7 | 1.14e+ 4 | 18.09 | 14.85 13.3 , 10 100 1000 10000
Zn Lo 1011.7 | 9.44e+ 3 | 21.58 | 13.38 12.3 : .

Na Ko 1041.0 | 8.83e+3 | 22.25 | 12.87 | 11.9 ©
Ge Lo 1188.0 | 6.44e+ 3 | 24.43 | 10.72 | 104 -
Mg Ko 12536 | 5.67e+3 | 25.02 | 995 ] 9.9 re)
Al Ko 1486.7 | 3.74e+3 | 26.23 | 7.78 8.3 =
Si- Ko | 1740.0-|-2.52¢+3 | 2680 | 6.14 7.1 o 2F
Zr Lo 2042.4 | 1.66e+3 | 27.03 | 4.76 6.1 a
Mo L« 22932 | 1.23¢+ 3 | 27.06 | .3.94 5.4 g e
Cl' Ko 26224 | 855¢+2 | 26.99 | 3.14 4.7 o “
Ag Lo | 29843 | 6.02¢+2 | 26.87 | 2.52 4.2 I

Ca Ko« 3691.7 | 3.36e+ 2 | 26.60 1.74 3.4

Ti Ko« 4510.8 | 1.94e+2 | 2629 | 1.22 2.7 . Lol

V Ko 4952.2 { 1.50e+2 | 26.12 1.04 25 S o T )
Cr » Ka 5414.7 1.17e4 2 25.94 0.89 2.3 . - 10 100 1000 10000
Mn Ka 5898.8 | 9.26e+1 | 25.72 | o077 2.1 E (eV)

Co Ko | 69303 | 5.96e+1 | 2498 | 058 | 18| e

Ni Ko 74782 | 485¢+1 | 23.83 | o051 17 '

Cu Ko 8047.8 | 3.16e+2 | 2452 | 3.56 1.5

Ge Ko 9886.4 | 1.88¢+2 | 26.63 | 2.60 1.3

Y Ko | 149880 | 6.15e+1 | 27.34 | 1.29 0.8

Mo Ko | 17479.0 | 399%+1 | 27.36 | o0.98 0.7 ' :

Pd Ko | 21177.0 | 2.31e+1 | 27.33 | 0.69 0.6 Edge Energi ef .

Sn Ko | 252710 | 1.3%e+1 [ 27.27 | 049 | o5 K 77088e¢V. Ly 925.1ev: M; 101.0eV

Xe Ko | 29779.0 | 860e+0 | 2722 | 0.36 0.4 Ly 7932eV> My 589 eV?

Ly 7781 ev? My 589 eV?

References: 49, 86, 105, 123, 127, 139, 181, 200, 214.
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ta(barns/atom) = u(cm?/gm) x 97.49
E(keV)u(cm?/gm) = f2 x 716.71

Line E(eV) [x(cm?/ gm) f1 fa X (A)
H 10.2 | 8.0le+ 4 11.39 | 1215
He (IN) 0211 | 1.07e+ 5 3.15 | 587.6
Na Lg3 "30.5 | 8.52e+4 3.63 | 406.5
Mg L2 49.3 | 5.12¢+ 4 3.52 | 251.5
Al Loz 72.4 | 9.02¢e+4| 269 | 911 | 171.2
Si Lza 91.5 | 7.64e+4 | 6.88 | 9.75 | 135.5
Be 108.5 | 6.51e+4 | 854 | 985 | 114.3
Sr M¢ 1140 | 6.19e+4 | 9.01 | 9.85 | 108.8
Y M¢ 132.8 | 5.26e+ 4 | 10.23 | 9.75 93.4
Zr M¢ 151.1 | 4.85e+ 4 | 11.19 | 10.22 82.1
B Ko 183.3 | 3.96e+ 4 | 13.48 | 10.12 67.6
Mo M(¢ 192.6 | 3.73e+ 4 | 13.99 { 10.02 64.4
Ar L¢ 220.1 | 3.09¢e+ 4 | 15.46 | 9.48 56.3
C. Ka 277.0 | 213e+4 | 17.20 | 8.24 44.8
Ag M¢ 311.7 | 1.71e+ 4 | 17.98 | 7.42 39.8
N Ka 392.4 | 1.07e+4 | 1871 | 5.86 31.6
Ti Lo 452.2 | 7.90e+ 3 | 18.79 | 4.98 27.4
V La 511.3 | 6.02¢+3 | 1870 | 429 | 24.2
0 Ka 524.9 | 564¢+3 | 1864 | 413 | 236
Cr La 572.8 | 4.54e+3 [ 1829 | 363 | 216
Mn Lo 637.4 | 353e+3 | 1751 | 314 19.5
F Ko 676.8 | 3.10e+ 3 | 16.90 | 292 18.3
Fe Lo 705.0 | 2.83e+3 | 1636 | 279 | 176
Co La 776.2 | 2.17e+ 3 | 1396 | 2.35 16.0
Ni Lo 851.5 | 5.45¢+3 | 5.41 | 6.48 14.6
Cu La 929.7 | 1.18¢+ 4 | 15.95 | 15.24 13.3
Zn Lo | 1011.7 | 1.09¢+ 4 | 18.86 | 15.37 | 12.3
Na Ko 1041.0 | 1.02e+ 4 | 20.60 | 14.80 | 11.9
Ge Lo 1188.0 | 7.41e+ 3 | 24.28 | 12.28 10.4
Mg Ko 1253.6 | 6.51e+ 3 | 25.15 | 11.38 9.9
Al Ko 1486.7 | 4.28¢e+ 3 | 26.88 | 8.88 8.3
Si- Ko | 1740.0 | 2.87¢e+ 3 | 27.66 | 6.98 7.1
Zr Lo 2042.4 | 1.90e+4 3 | 27.98 | 5.41 6.1
Mo Lo 2293.2 | 1.40e+ 3 | 28.05 | 4.49 5.4
Cl Ka 2622.4 | 9.86e+2 | 28.02 | 361 4.7
Ag Lo 2984.3 | 7.00e+ 2 | 27.92 | 2.92 4.2
Ca Ko 3691.7 | 3.97e+2 | 27.68 | 2.05 3.4
Ti Ko 4510.8 | 2.32¢+ 2 | 27.41 1.46 2.7

'V Kea 4952.2 | 1.80e+2 | 27.26 | 1.24 2.5
Cr Ka 5414.7 | 1.41e4+2 | 27.11 | 1.07 2.3
Mn Ko 5898.8 | 1.12¢+2 | 26.93 | 0.92 2.1
Co Ka 6930.3 | 7.14e+1 | 2645 | 0.69 1.8
Ni Ka 74782 | 5.76e+1 | 26.01 | 0.60 1.7
Cu Ko 8047.8 | 4.67e+1 | 2493 | 052 1.5
Ge Ka 9886.4 | 2.15e4 2 | 27.27 | 2.96 1.3-
Y Ko | 149880 | 7.03e+1 | 28.31 | 1.47 0.8
Mo Ko | 17479.0 | 4.58¢+1 | 28.36 | 1.12 0.7
Pd. Ka | 21177.0 | 2.66e+1 | 2834 | 0.79 0.6
Sn Ko | 25271.0 | 1.60e+1 | 2829 | 0.56 0.5
Xe Ko | 29779.0 | 9.95¢+0 | 2824 | 0.41 0.4
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Lip 852.7 eV My; 66.2 eV?

References: 2, 4, 5, 17, 21, 31, 33, 43, 48, 49, 76, 86, 99, 105, 108, 123, 130, 139, 180, 181, 200, 214, 222, 223, 229, 230, 231.
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ua(ba.ms/at;m) = p(cm?/gm) x 105.52

E(keV)u(cm?/gm) = f2 x 662.17

Line E(eV) |p(cm?/gm) fi f2 A (4)
H 10.2 | 8.7le+ 4 13.42 | 1215
He (ID) 21.1 | 1.00e+ 5 3.19 | 587.6
Na Lz | 30.5 | 1.07e+5 "4.93 | 406.5
Mg Lz3 49.3 | 7.60e+ 4 5.66 | 251.5
Al Lo 724 | 6.96e+4 | 439 | 761 | 171.2
Si Laga 91.5 | 6.38¢e+4 | 5.39 | 881 | 135.5
Be K 108.5 | 6.19¢e+ 4 | 6.52 | 1014 | 114.3
Sr M¢ 1140 | 6.12¢e+4 | 6.97 | 10.54 | 108.8
Y M¢ 132.8 | 5.78¢+4 | 8.80 | 11.59 | '93.4
Zr M¢ 1511 | 5.32¢+4 | 10.82 | 1213 | 821
B Ko« 183.3 | 4.24e+ 4 | 13.86 | 11.75 | * 67.6
Mo M(¢ 192.6 | 3.94e+4 | 1450 | 11.47 | 644
Ar L¢ 220.1 | 3.16e+4 | 15.98 | 10.51 56.3
C Ka 277.0 | 2.14e+4 | 1774 | 895 44.8
Ag M¢ 311.7 | 1.74e+4 | 1842 | 817 | 39.8
N Ko 392.4 | 1.13e+ 4 | 1929 | 668 | 31.6
Ti Lo 452.2 | 8.33e+3 | 1957 | 569 | 27.4
V La 511.3 | 6.58¢+3 | 19.50 | 5.08 | 24.2
O K« 524.9 | 6.23e+3 | 19.50 | 4.94 | 23.6
Cr La 572.8 | 5.19¢+3 | 1937 | 449 | 216
Mn Lo 637.4 | 4.07e+3 | 19.00 | 3.92 19.5
F Ko 676.8 | 3.53e+3 | 1864 | 3.61 18.3
Fe La 705.0 | 320e+3 | 1827 | 3.41 17.6
Co Lo 776.2 | 2.64e4+3 | 17.04 | 309 | 16.0
Ni Lo 851.5 | 2.12e+3 | 1458 | 2.73 | 146
Cu Lo 929.7 | 9.20e+3 | 013 | 12.91 13.3
Zn Lo 1011.7 | 1.04e+ 4 | 17.51 | 15.85 12.3
Na Ko 1041.0 | 9.57e+ 3 | 18.90 | 15.05 11.9
Ge L& 1188.0 | 7.63e+ 3 | 22.99 | 13.70 10.4
Mg Ko 1253.6 | 6.94e+ 3 | 24.45 | 13.13 9.9
Al Ko 1486.7 | 4.55¢+ 3 | 27.26 | 10.23 8.3
Si - Ko 1740.0 -|--3.07e+ 3 | 28.38 | 8.07 7.1
Zr Lo 20424 | 2.04e+3 | 2892 | 6.28 6.1
Mo La 2293.2 | 1.5le+3 | 29.08 | 5.22 5.4
Cl Ko 2622.4 | 1.06e+3 | 2911 | 4.19 4.7
Ag Lo 2984.3 | 7.51e+2 | 29.05 { 3.39 4.2
Ca Ka 3691.7 | 4.25¢+2 | 28.83 | 2.37 3.4
Ti Ko 4510.8 | 2.48e+ 2 | 2856 | 1.69 2.7
V Ka 4952.2 | 1.92e+2 | 2842 | 1.44 2.5
Cr Ko 5414.7 | 1.51e+2 | 2827 | 1.23 2.3
Mn Ka 5898.8 | 1.19¢+2 | 2811 | 1.06 2.1
Co Ka 6930.3 | 7.61e+1 | 27.73 | 0.80 1.8
Ni Ko | 74782 | 6.15e+1 | 27.46 | 0.69 1.7
Cu Ko 8047.8 { 5.00e+1 | 27.04 | o0.61 1.5
Ge Ka 9886.4 | 2.23e+2 | 27.60 | 3.33 1.3
Y Ko | 14988.0 | 7.37e+1 | 29.26 | 1.67 0.8
Mo Ko | 17479.0 | 4.82e+1 | 29.34 | 1.27 0.7
Pd Ko | 21177.0 | 2.81e+1 | 29.35 | 0.90 0.6
Sn Ko | 25271.0 | 1.69e+1 | 29.31 | 0.65 0.5
Xe Ko | 29779.0 | 1.06e+1 | 29.26 | 0.47 0.4
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References: 1, 4, 5, 10, 21, 27, 28, 47, 48, 49, 63, 69, 73, 76, 86, 95, 99 103, 122, 123, 130, 131, 139, 152, 156, 175, 177, 180, 181, 185
201, 205, 214, 216, 217, 230, 231.
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Ha (barns/ atom) = p(cm?/gm) x 108.57

E(keV)u(cm?/gm) = f2 x 643.59

Line E(eV) |u(cm?/gm) f, f2 A (A)
H 10.2 | 1.32e+ 5 20.97 | 1215
He (I) . 21.1 | 6.64e+ 4 2.18 | 587.6
Na Logs 30.5 | 8.24e+ 4 3.90 | 406.5
Mg L23 49.3 | 9.37e+ 4 | 718 | 2515
Al Loz~ 72.4 | 812e+4 | 325 | 913 | 171.2
Si Lags 91.5 | 7.25e+4 | 4.72 | 10.31 | 135.5
Be K 1085 | 6.78¢+4 | 622 | 11.43 | 114.3
Sr M¢ 114.0 | 6.:60e+4 | 6.74 | 11.68 | 108.8
Y M¢ 132.8 | 5.85e+4 | 846 | 12.07 93.4
Zr M¢ 151.1 | 5.67e+4 | 995 | 1330 | 821
B Ko 183.3 | 4.71e4+4 | 1311 | 13.42 67.6
Mo M¢ 192.6 | 4.43e+4 | 13.91 | 13.25 64.4.
Ar L¢ 220.1 | 3.66e+4 { 16.10 | 12.51 56.3
C Ko 277.0 | 2.47e+ 4 | 18.30 | 10.61 44.8
Ag M¢ 311.7 | 2.01e+4 { 1922 | 9.75 39.8
N Ko 392.4 | 1.31e+ 4 | 2065 | 7.98 | 316
Ti Lo 452.2 | 9.59e+3 | 21.12 | 674 | 274
V La | 511.3 | 7.10e+3 | 21.23 | 564 | 242
0 Ko 524.9 | 6.65e+3 | 21.20 | 5.42 23.6
Cr Lo 572.8 | 5.40e+3 | 20.96 | 4.81 21.6
Mn Lo 637.4 | 4.27e+3 | 2060 | 423 | 195
F Ko 676.8 | 3.72¢+3 | 20.30 |. 391 18.3
Fe Lo 705.0 | 3.42¢+ 3 | 20.06 | . 3.75 17.6
Co La 776.2 | 2.78¢+3 | 1933 | 336 | 16.0
Ni Lo 851.5 | 2.24e+3 | 1810 | 296 | 146
Cu Lo 920.7 | 1.82¢e+3 {1571 | 263 | 133
Zn La 1011.7 | 1.52e+3 | 1.57 | 2.39 12.3
Na Ko 1041.0 | 1.05e+4 | 10.12 | 16.99 11.9
Ge Lo 1188.0 | 8.34e+ 3 | 21.29 | 15.40 10.4
Mg Ko 1253.6 | 7.57e+ 3 | 2342 | 14.74 9.9
Al Ko 1486.7 | 5.02¢+ 3 | 27.30 | 11.59 8.3
Si - Ko 1740.0 - -3.41e+ 3 | 2892 | 9.21 7.1
Zr La 2042.4 | 2.27e+3 | 2973 | 7.20 6.1
Mo La 2293.2 | 1.68¢+ 3 | 30.02 | 6.00 5.4
Cl Ko 2622.4 | 1.18¢+ 3 | 30.14 | 4.83 4.7
Ag Lo 2984.3 | 8.41e+2 | 3013 | 390 | 42
Ca Ko 3691.7 | 4.76e+2 | 29.95 | 2.73 3.4
Ti Ko 4510.8 | 2.77e+2 | 29.69 | 1.94 2.7
V Ke 4952.2 | 2.15¢+2 | 2956 | 1.65 2.5
Cr Ko 5414.7 | 1.69e+2 | 29.42 | 1.42 2.3
Mn Ke 5898.8 | 1.33e+2 | 29.27°| 1.22 2.1
Co Ko '6930.3 | 8.54e+1 | 28.94 | 0.92 1.8
Ni~ Ke 74782 | 6.91e+1 | 28.74 | 0.80 1.7
Cu Ko 8047.8 | 5.63e+1 | 28.47 | 0.70 ‘1.5
Ge Ko 9886.4 | 2.44e+2 | 26.29 | 3.74 1.3
Y Ko | 14988.0 | 8.08¢+1 { 30.17 | 1.88 0.8
Mo Ko | 17479.0 | 5.30e+1 | 30.31 | 1.44 0.7
Pd Ko | 211770 | 3.10e+1 | 30.35 | 1.02 0.6
Sn Ko | 25271.0 | 1.87e4+1 | 30.32 | 074 | . 05
Xe ‘Ko | 29779.0 | 1.17e+1 | 30.27 | 0.54 0.4

References: 1, 2, 4, 10, 17, 49, 52, 90, 131, 156, 159, 175, 180.
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po(barns/atom) = p(cm?/gm) x 115.77
E(keV)u(cm?/gm) = f2 x 603.53

Line E(eV) y.(cmz/ gm) f1 fa A (A)
H 10.2 | 1.76e+ 5 29.80 | 1215
He (ID 21.1 | 3.68¢+ 4 1.29 | 587.6
Na La3 30.5 | 3.84e+4 1.94 | 406.5
Mg La3 49.3 | 5.70e+ 4 4.65 | 251.5
Al Lo 72.4 | 617e+4 | 239 | 740 | 1712
Si Lgs 91.5 | 6.00e+4 ] 344 | 9.10 | 1355
Be K 108.5 | 6.06e+4 | 4.61 | 10.90 | 114.3
Sr M¢ 114.0 | 6.06e+4 | 5.22 | 11.45 | 108.8
Y M¢ 132.8 | 5.72¢+4 | 7.16 | 12.59 93.4
Zr M¢ 151.1 | 5.24e+4 | - 9.22 | 13.11 82.1
B Ka 183.3 | 440e+ 4 | 11.94 | 13.36 67.6
Mo M(¢ 192.6 | 417e+ 4 | 12.61 | 13.31 64.4
Ar L¢ 220.1 | 3.6le+4 | 14.32 | 13.17 56.3
C Ko 277.0 | 2.72¢4+4 | 17.49 | 12.48 44.8
Ag M¢ 311.7 | 2.30e+ 4 | 19.02 | 11.85 39.8
N Ko 392.4 | 149+ 4 | 21.18 | 9.71 31.6
Ti Lo 452.2 | 1.12e+ 4 | 21.95 | 8.37 27.4
V La 511.3 | 8.68e+3 | 22.34 | 7.35 24.2
0 Ka 524.9 | 8.22¢+ 3 | 22.42 7.14 23.6
Cr La 572.8 | 6.76e+3 | 22.57 | 6.41 21.6
Mn Lo 637.4 | 5.31e+3 | 22.57 | 5.60 19.5
F Ka 676.8 | 46le+3 | 22.55 | 517 18.3
Fe La 705.0 { 411e+3 | 22.47 | 4.80 17.6
Co La 776.2 | 312¢+3 | 21.98 | 4.01 16.0
Ni L« 851.5 | 2.45e+3 | 21.10 | 3.45 14.6
Cu Lo 929.7 | 1.99¢+ 3 | 19.91 | 3.06 13.3
Zn Lo 1011.7 | 1.63e+3 | 17.83 | 2.73 12.3
Na Ko 1041.0 | 1.53¢+3 | 1657 | 263 11.9
Ge Lo 1188.0 | 7.63e+3 | 17.50 | 15.02. | 10.4
Mg Ko 1253.6 | 6.99¢+ 3 | 20.32 | 14.52 9.9
Al Ko 1486.7 | 5.29e+ 3 | 26.78 | 13.04 8.3
Si- Ka 1740.0-|-3.60e+ 3 | 29.22 | 10.37 71
Zr Lo 2042.4 | 2.40e+ 3 | 30.42 | 8.11 6.1
Mo Lo 2293.2 | 1.78¢+3 | 30.85 | 6.76 5.4
Cl Ko 2622.4 | 1.25e+3 | 31.09 | 5.44 4.7
Ag La 2984.3 | 891e+2 | 3114 | 441 4.2
Ca Ko 3691.7 | 5.06e+2 | 31.02 | 3.09 3.4
Ti Ko 45108 | 2.95¢+2 | 30.79 | 2.20 2.7
V Ka 4952.2 | 2.29e+2 | 30.66 | 1.88 2.5
Cr Ko 5414.7 | 1.80e+2 | 30.52 | 1.61 2.3
Mn Ko 5898.8 | 142¢+2 | 30.40 | 1.39 2.1
Co Ko 6930.3 | 912e+1 | 30.11 | 1.05 1.8
Ni Ko 74782 | 7.39e+1.| 29.93 | 0.92 1.7
Cu Ko 8047.8 | 6.0le+1 | 29.72 | 0.80 1.5
Ge Ko 9886.4 | 3.34e+1 | 28.23 | 055 1.3
Y Ko | 14988.0 | 853e+1 | 31.04 | 2.12 0.8
Mo Ko | 17479.0 | 561e+1.| 31.25 | 1.63 0.7
Pd Ko | 21177.0 | 330e+1 | 31.33 | 1.16 0.6
Sn Ko { 25271.0 { 200e+1 | 31.32 | 0.84 0.5
Xe Ko | 29779.0 | 1.25e+1 | 31.28 { 0.62 0.4

References: 43, 197.
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»

a(barns/atom) = p(cm?/gm) x 120.54
- E(keV)u(cm?/gm) = f2 X 579.67

Line E(eV) u(cm?/gm) f1 fa A (A)
H , 10.2 | 1.74e+ 5 30.65 | 1215
He (1) 211 | 2.6le+ 4 095 | 587.6
Na Lz 30.5 | 3.30e+ 4 1.73 | 408.5
Mg L3 49.3 | 3.75¢+ 4 319 | 251.5
Al Lgjs 72.4 | 535¢e+4 | 037 | 6.69 | 171.2
Si Lags 91.5 | 5.6le+4 | 151 | 885 | 135.5
Be K 108.5 | 5.71e+4 | 2.56.| 10.69 | 114.3
Sr M¢ 1140 | 5.73e+ 4 | 2.95 | 11.26 | 108.8
Y M¢ 132.8 | 5.71e+4 | 4.63 | 13.08 93.4
Zr M¢ 151.1 | 5.58e+4 | 6.55 | 14.54 82.1
B Ko 183.3 | 4.95¢e+4 | 996 | 15.64 67.6
Mo M(¢ . 192.6 | 4.79¢+ 4 | 10.95 | 15.92 64.4
Ar L¢ 220.1 | 4.13e+4 | 13.70 | 15.69 56.3
C' Ko 277.0 | 3.09e+ 4 | 17.85 | 14.78 448
Ag M¢ 311.7 | 2.51e+4 | 19.55 | 13.51 39.8
N Ko 392.4 | 1.66e+ 4 | 21.88 | 11.26 31.6
Ti La 452.2 | 1.26e+ 4 | 23.01 982 27.4
V Lo 511.3 | 9.58¢+3 | 2355 | 8.45 24.2
O Ko 524.9 | 9.04e+3 | 2362 | 819 23.6
Cr La 572.8 | 7.44e+3 | 2381 | 7.35 21.6
Mn Lo 637.4 | 5.76e+ 3 | 23.86 | 6.34 19.5
F Ko 676.8 | 4.99¢+3 | 2378 [ 5.83 18.3
Fe Lo 705.0 | 4.52¢e+3 | 23.70 | s5.50 17.6
Co Lo 776.2 | 3.56e+3 | 23.39 | 4.77 16.0
Ni Lo 851.5 | 2.83e+3 | 22.87 | 4.15 14.6
Cu Lo 929.7 | 2.24e+4 3 | 22.11 3.60 13.3
Zn Lo 1011.7 | 1.83¢+3 | 20.90 | 3.19 12.3
Na Ko 1041.0 | 1.71e4+3 | 20.34 | 3.07 11.9
Ge Lo 1188.0 | 1.29¢+ 3 | 12.88 | 2.64 10.4
Mg Ko 1253.6 | 7.60e+ 3 | 14.81 | 16.44 9.9
Al Ko 1486.7 | 5.69e+ 3 | 25.52 | 14.59 8.3
Si- Ko 1740.0 -|-3.93¢+ 3 | 29.26 | 11.79 7.1
Zr Lo 2042.4 | 2.63e+3 | 31.01 | 9.28 6.1
Mo Lo 2293.2 | 1.96e+3 | 31.68 | 7.75 5.4
Cl Ko 2622.4 | 1.38e+3 |} 32.07 | 6.25 4.7
Ag Lo 2984.3 | 9.83e+ 2 | 32.21 5.06 4.2
Ca Ko | 3691.7 | 5.57e+2 | 32.16 | 3.55 34
Ti Ko 4510.8 | 3.24e+2 | 31.95 | 2.52 2.7
V Ka 4952.2 | 2.52¢e+2 | 31.82 | 215 2.5
Cr Ko 5414.7 | 1.97e+2 | 31.69 | 1.84 2.3
Mn Ko 5898.8 | 1.56e+2 | 31.56 | 1.59 2.1
Co Ko 6930.3 | 1.00e+2 | 31.28 | 1.20 1.8
Ni Ko 7478.2 | 812 +1 | 31.14- | 1.05 1.7
Cu Ko '8047.8 | 6.62¢+1 | 30.98 0.92 1.5
Ge Ko 9886.4 | 3.70e+1 | 30.22 | 0.63 1.3
Y Ko | 149880 | 9.14e+1 | 31.86 | 2.36 0.8
Mo Ka | 17479.0 | 6.03e+1 | 32.18 | 1.82 0.7
Pd Ko | 21177.0.| 3.55e+1 | 32.31 1.30 0.6
Sn Ko | 25271.0 | 2.16e+1 | 32.32 | 0.94 0.5
Xe Ko | 29779.0 | 1.36e+1 | 32.29 | 0.70 0.4

References: 57, 61, 71, 99, 108, 133, 134, 142, 170.
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) Arsenic (As)
" po(barns/atom) = p(cm?/gm) x 124.41 . Z =33

E(keV)u(cm?/gm) = £, x 561.63 . : Atomic Weight = 74.922
Line E(eV) |p(cm¥gm)| £ f2 A (A) Q
H 10.2 | 258¢+ 5 46.90 | 1215 o T
He (ID) 21.1 | 885e+4 3.33 | 587.6 © / U
Na Lg3 305 | 1.55e+ 4 0.84 | 406.5 9 L
Mg L3 49.3 | 1.77e+ 4 1.55 | 251.5 - s /
Al Logs 72.4 | 355¢e+4 | 2.84 | 457 | 171.2 _Q
Si Legs 91.5 | 4.38e+4 | 326 | 714 | 1355 e /
Be 'K 108.5 | 4.70e+4 | 421 | 9.09 | 1143 /
Sr M¢ 114.0 | 4.76e+4 | 455 9.65 | 108.8 ' Q
Y M¢ | 1328 | 484e+4 | 595 | 11.44 | 93.4 /
Zr M( 151.1 | 479 +4 | 7.69 | 12.89 | 821 © iy
B Ka 183.3 | 4.39¢+4 | 10.68 | 14.33 | 67.6 o
| Mo M¢ 192.6 | 4.26e+4 | 11.59 | 14.60 | 64.4 10 100 1000 10000
Ar L¢ 220.1 | 3.83e+4 | 1449 | 15.00 | 56.3
C Ko 277.0 | 2.78e+ 4 | 18.34 | 13.73 | 448
Ag M¢ 311.7 | 2.29e+ 4 | 19.91 | 1272 | 39.8
N Ka 392.4 | 1.56e+4 | 22.19 | 1090 | 316 o TN N
Ti La 452.2 | 1.19e+4 | 2327 | 956 | 274 £ 5
V Le 511.3 { 9.28¢+ 3 | 23.88 | 845 | 24.2 , —
0 Ka 5249 | 880e+3 | 2398 | 822 | 236 o X -
Cr Lo 572.8 | 7.33e+3 | 2426 | 747 | 216 e \ 11/ N AN
Mn Lo | 6374 | 583e+3 | 2444 | 661 | 195 f N \
F Ka 676.8 | 5.09¢+3 | 24.45 | 613 | 183 - 1L N \
Fe Lo 705.0 | 467e+3 | 2443 | 587 | 17.6 3
Co La 776.2 | 3.79¢+3 | 24.34 | 523 | 16.0
‘Ni Le 851.5 | 3.07e+3 | 2409 | 465 | 146
Cu L« 929.7 | 2.50e+3 | 2367 | 415 | 133 10 100 1000 10000
Zn La 10117 | 2.06e+3 | 23.04 | 370 | ‘12.3
Na Ko 1041.0 | 1.92¢+3 | 2274 | 357 | 119 k=)
Ge Lo. | 11880 | 1.41e+3 | 2027 | 298 | 104
Mg Ko 1253.6 | 1.24e+3 | 17.75 | 2.77 9.9 -
Al Ko 1486.7 | 540e+ 3 | 22.37 | 14.29 8.3 ’E‘
Si- Ko | 1740.0-| -426e+ 3 | 2861 | 1319 7.1 o
Zr La 2042.4 | 2.87¢+3 | 31.22 | 10.44 6.1 o
Mo Lo | 22032 | 214e4+3 | 3222 | 874 | 54 £
Cl Ko 2622.4 | 1.51e+3 | 32.84 | 7.07 47 L e
Ag La 2984.3 | 1.08¢+3 | 3312 | 5.73 4.2 3
Ca Ko 3691.7 | 612e+2 | 33.18 | 4.02 3.4 k=)
Ti Ko 4510.8 | 356e+2 | 33.01 | 2.86 2.7
V Ko 4952.2 | 2.77e+2 | 32.90 | 2.44 2.5 <
Cr Ko 5414.7 | 2.17e+2 | 32.78 | 2.09 2.3 10 100+ 1000 10000
Mn Ko 5898.8 | 1.72¢+2 | 32.65 | 1.80 21 | , E (eV)
Co Ko 6930.3 | 1.10e+2 | 32.39 | 1.36 1.8
Ni Ko 74782 | 894e+1 | 3226 | 1.9 1.7 :
Cu Ko 80478 | 7.30e+1 | 3212 | 1.05 1.5
Ge Ko 9886.4 | 4.09e+1 | 31.54 | 0.72 1.3 .
Y Ko | 14988.0 | 9.85e+1 | 32.61 | 2.63 0.8 ~ Edge Energies
Mo Ka 17479.0 6.53e+41 33.07 2.03 0.7 K 11866.7 eV Ly 1527.0 eV® M;  204.7 eV®
Pd Ko | 21177.0 | 3.86e+1 | 3328 | 1.46 0.6 Ly 1859.1eV® My 146.2 eV® .
Sn Ko | 25271.0 | 2.36e+1 | 33.32 | 1.06 0.5 Liy 13236 eVe My 141.2 €V°
Xe Ko | 29779.0 | 1.48¢e+1 ] 33.30 | 0.79 0.4 Mpy 41.7 eV®
’ My 41.7 eV*

Reférences: 190.
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: ’ Selenium (Se)
pao(barns/atom) = p(cm?/gm) x 131.12 : ' Z=34

E(keV)u(cm?/gm) = f2 x 532.91 Atomic Weight = 78.960
Line | E(eV) |u(cm?gm)| £ | 2(d) ® xay {F=
H 10.2 | 2.82e+5 53.98 | 1215 o )
He (I 21.1 | 1.28e+5 | 506/ s87.6 ®
Na L2 30.5 | 3.29e+ 4 1.88 | 406.5 g a3
Mg La3s 49.3 | 5.39¢+ 3 , 0.50 | 251.5 o /
Al Lpgs 724 | 180e+4 | 312 | 245 | 171.2 S /
Si Los 915 | 3.04e+4 | 203 | 5.23 | 1355 (12
Be K | 1085 | 3.93e+4 | 239 | 7.99 | 1143 o /
Sr M¢ 114.0 | 4.12¢e4+4 | 263 | 880 | 108.8 =
Y M¢ -132.8 | 4.53e+4 | 398 | 11.28 | ‘934 ©
Zr M(¢ 151:1-| 4.63e+4 | 575 | 1313 | 821 "N/
B Ka 183.3 | 4.45e+4 | 915 | 1532 | 67.6 o ‘
Mo M¢ 192.6 | 4.37¢+4 | 1024 | 15.79 | 64.4 |. - 10 100 1000 10000
Ar L¢ 220.1 | 3.88¢+4 | 13.25 | 16.03 | 563 | - : : ‘ .
C Ka 277.0 | 3.0le4+4 | 17.70 | 15.63 |- 44.8
Ag M¢ 311.7 | 2.4%e+4 | 19.81 | 1454 | 39.8
; ™ N
N Ko 392.4 | 1.70e+ 4 | 22.65 | 12.49 | 31.6 =} / \_
Ti Lo 4522 | 1.30e+4 | 24.00 | 1099 | 27.4 7 N
V Le 511.3 | 1.01e+4 | 2478 | 973 | 242 : \
0 Ka 524.9 | 9.63e+3 | 2492 | 9.48 | 236 o \ N\ N
Cr Lo 572.8 | 8.04e+3 | 25.32 | 864 | 21.6 v . AN
Mn Lo - 637.4 | 6.40e+3 | 2563 | 766 | 193 ' ' \ \
F Ko 676.8 | 5.59¢+3 | 25.71 | 7.0 | 183 - :
Fe La 705.0 | 514e+3 | 25.73 | 6.80 | 17.6 , - N\
Co Le 776.2-| 4.16e+ 3| 25.75 | 6.06 | 16.0 : - :
Ni Le 851.5 | 33743 | 25.62 | 539 | 14.6
Cu La 929.7 | 2.76e+3 [ 25.37 | 481 | 133 : 10 100 . 1000 10000

Zn Lo 1011.7 | 2.26e4 3 | 24.96 4.29 12.3
Na Ko« 1041.0 | 2.11e+ 3 | 24.77 4.13 11.9
Ge Lo 1188.0 | 1.54e+4 3 | 23.38 3.44 10.4

10’

Mg Ko - | 12536 | 1.36e+3 | 22.35 | 319 9.9 =3
Al Ka | 14867 | 562¢+3 | 1818 [ 1567 | 83 £

Si- Ko '|' 17400 -|-446e+ 3 | 27.29 | 14.56 7.1 Do
Zr Lo | 20424 | 3.0de+3 | 3124 | 1163 | 61 ~

Mo La | 22932 | 2.27e+3 | 3266 | 979 | 5.4 g o
Cl Ko | 26224 | 1.61e+3 | 3356 | 794 | 47 =2
Ag Lo | 29843 | 115e+3 | 3401 | 645 | 42 S

10°

Ca Ko | 3691.7 | 6.55e+2 | 3421 | 4.54 34
Ti Ko | 45108 | 3.82¢+2 | 3410 | 3.23 2.7
V Ko | 49522 | 2.96e+2 | 3400 | 2.75 2.5
Cr Ke 5414.7 | 2.32¢+2 | 3389 | 2.36 2.3 10 100 1000 10000

Mn Ko 5898.8 | 1.84e+2 | 33.76 | 2.03 21} - E {eV)
Co Ka 6930.3 | 1.18¢+ 2 | 33.51 1.54 1.8 .

Ni. Ko 7478.2 | 9.58e+1 | 33.39 1.34 1.7 ‘
Cu Ko 8047.8 | 7.82¢+1 | 3326 | 1.18 1.5
Ge Ko 9886.4 | 4.39¢+1 | 32.78 | 082 | 1.3

I L C TR T 4 ]l ] lIIIHII ]

1 \]

Y Ko |149880 | 1.03e+2 | 3331 | 288 | o8] Edge Energies

Mo Ko 174790 | 6.83e+1 | 33.94 1 224 0.7 K  12657.8 eV Ly 1652.0eV® Mp 229.6 eV®
Pd Ko | 211770 | 4.05e+1 | 3423 | 1.61 0.6 Ly 14743eV® My 1665 eV®
Sn Ko | 25271.0 | 2.48e+1 | 3431 | 118 0.5 ‘ Lyp 14339 eV*  Mypp 160.7 eV°
Xe Ko | 267790 | 1.57e+1 | 3430 | 088 | 04 | : Mpy  55.5 eV®

My 54.6 eV®

References: 24, 25, 66, 171, 190.
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. Bromine (Br)
pa{barns/atom) = pu(cm?/gm) x 132.69 ’ Z=35

E(keV)u(cm?/gm) = f2 x 526.61 ’ : Atomic Weight = 79.904
Line | E(eV) |w(em¥gm)| £ | £ [X2(&) & g
H 102 | 277¢+ 5 53.56 | 1215 ° ' {
He (I 21.1 | 2.30e+ 5 9.23 | 587.6 ®
Na L2 305 | 7.45e+4 . 432 | 4065 | < TN
Mg L2 49.3 | 7.14e+3 0.67 | 251.5 ~
Al Lags 724 | 1.32¢+4 [ 518 | 1.82 | 171.2 - / \
Si L2 91.5 | 1.74e+4 | 344 | 3.01 | 1355 -
Be K 1085 | 2.77¢+4 | 262 | 570 | 1143 o
Sr M¢ 114.0 | 3.00e+4 | 269 | 649 | 1088 - ¥
Y M¢ 132.8 | 365e+4 | 319 921 | 934 © N )i
Zr M( 1511 | 3.98e+4 | 446 | 11.42 | 821 N/
B Ka 183.3 | 4.22e+4 | 691 | 1470 | 676 | - o -
Mo M(¢ 192.6 | 4.27e+4 | 8.09 | 15.62 | 644 10 100 1000 10000
Ar Le¢ 220.1 | 3.99e+4 | 11.41 | 16.69 | 56.3 ‘ .- : : :
C Ka 277.0 | 3.24e+4 | 1677 | 17.03 | 448
Ag M¢ 311.7 | 2.70e+ 4 | 19.32 | 15.98 | 39.8 —
N Ko 392.4 | 1.87e+4 | 22.78 | 13.95 | 31.6 =) / N, M\
Ti La 452.2 | 1.43e+4 | 2446 | 12.32 | 274 ;"“/ = 7 =7
V Le 511.3 | 1.13e+ 4 | 25.45 | 10.95 | 242 : N
0 Ka 5249 | 1.07e+4 | 25.63 | 1067 | 236 o
Cr Lo 572.8 | 8.95e+3 | 2614 | 974 | 216 4 \ _
Mn Lo 637.4 | 7.16e+3 | 2659 | 867 | 195 . \ N
F Ka 676.8 | 6.27e+3 | 2673 | 8.05 | 18.3 - \
Fe La 705.0 | 5.76e+3 | 2680 772 | 176 N
Co Lo 776.2 | 4.67e+3 | 2693 | 688 | 160 | - -
Ni La 851.5 | 3.78¢+3 | 26.91 | 612 | 146
Cu Lo 929.7 | 3.10e+3 | 2675 | 5.47 | 13.3 10 100 1000 10000
Zn Le 10117 | 2.55e+3 | 2649 | 491 | 12.3 .
Na Ko 1041.0 | 2.39e+3 | 26.37 | 472 | 119 Q
Ge Lo 1188.0 | 1.75e+ 3| 25.46 | 3.94 | 104
Mg Ko 1253.6 | 1.54e+ 3 | 24.86 | 3.66 9.9 °
Al Ko | 1486.7 | 1.02e+ 3 | 18.97 | 2.89 8.3 &
Si- Ko | 17400 -|-427¢+ 3 | 24.70 | 1411 7.1 R
Zr Lo 2042.4 | 3.35¢+ 3 | 30.97 | 13.01 6.1 «= T
Mo Lo 22032 | 2.51e+ 3 | 32.97 [.10.95 5.4 g .
Cl Ko | 26224 | 1.78¢+3 .| 3423 | 889 | a7 =2e
Ag Lo | 29843 | 127e+3 | 3486 | 722 | 42 2 o
Ca Ka 3691.7 | 7.25e+2 | 35.22 | 5.08 3.4 =2 =
Ti Ka | 45108 | 423e+2 [ 35.17 | 362 | = 2.7 - A — RN
V Ka | 49522 | 328¢+2 | 35.08 | 309 25 =) I I B I 1] N &
Cr Ko 5414.7 | 2.58e+2 | 34.98 | 265 | 23 10 100 1000 10000
Mn Ka 5898.8 | 2.04e+2 | 34.86 | 2.28 2.1 : E (eV)
Go Ka 6930.3 | 1.31e+2 | 34.62 | 1.73 1.8
Ni Ko 74782 | 1.06e+2 | 3450 | 151 17
Cu Ko 8047.8 | 869e¢+1 | 34.38 1.33 1.5
Ge Ka 9886.4 | 4.89¢e+1 | 33.96 | 0.92 1.3
Y Ko |[14988.0 | 1.12¢4+2 | 33.76 | 318 0.8 Edge Energies
Mo Ko 17479.0 T47e+4+ 1 34.73 2.48 0.7 K 13473.7 eV Ly 1782.0 eV M; 257. eV®
Pd Ka | 21177.0 | 446e+1 | 3516 | 1.79 06| Ly 1596.0 eV M 189, eV®
Sn Ke | 25271.0 | 2.74e+1 | 35.28 | 1.31 0.5 Ly 1549.9 eV My 182. eV®
Xe Ko | 29779.0 | 1.73¢e+1 | 35.30 | 0.98 0.4 Mpy 70. eV©
| My 69. eV®

References: 29.
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ta(barns/atom) = p(cm?/gm) x 139.16
E(keV)u(cm?/gm) = f2 x 502.13

Line E(eV) |p(cm?/gm)| £ f X (A) -
H 10.2 0.00 | 1215
He (I 211 | 2.6le+5 10.95 | 587.6
Na Lg3 30.5 | 1.14e4 5 6.90 | 406.5
Mg Las 49.3 | 1.2de4 4 121 | 2515
Al Los 724 | 4.02¢e+3 | -7.01 | 058 | 171.2
Si Los 91.5 | 2.97e+4 | 152 | 5.41 | 1355
Be K- 108.5 | 1.12¢+4 | 476 | 2.42 | 114.3
Sr M(¢ 114.0 | 1.4le+4 | 3.74 | 3.19 | 1088
Y M¢ 132.8 | 2.53e+4 | 255 | 6.68 | 93.4
Zr M(¢ 151.1 | 3.23e+4 | 325 | 9.72 82.1
B Ka 183.3 | 3.66e+4 | 5.78 | 13.35 67.6
Mo M¢ 192.6 | 3.70e+4 | 6.55 | 1417 64.4
Ar L¢ 220.1 | 3.69e+4 | 913 | 1617 56.3
C Ka 277.0 | 3.19¢+ 4 | 15.15 | 17.58 44.8
Ag M¢ 311.7 | 2.76e+4 | 17.58 | 17.12 | '39.8
N Ko 392.4 | 2.08¢+4 | 21.96 | 16.25 31.6
Ti Lo 452.2 | 1.62e+4 | 2450 | 1455 27.4
V La 511.3 | 1.29¢e+4 | 25.97 | 13.13 24.2
O Ka 524.9 | 1.23e+4 | 26.27 | 12.84 23.6
Cr Lo 572.8 | 1.02e+ 4 | 27.13 | 11.69 21.6
Mn Lo 637.4 | 8.17¢+3 | 27.79 | 10.37 19.5
F Ka 676.8 | 7.19¢+3 | 28.05 | 9.70 |- 183
Fe Lo 7050 { 661e+3 | 28.20 | 9.28 17.6
Co Lo  776.2 | 5.41e+3 | 2853 | 8.36 16.0
Ni Lo 851.5 | 4.36e+3 | 28.82 | 7.39 14.6
Cu Lo 929.7 | 3.46e+ 3 | 28.72 6.41 13.3
Zn Lo 1011.7 | 2.84e+3 | 2850 | 5.71 12.3
Na Ko 1041.0 | 2.65¢+3 | 2841 | 5.50 11.9
Ge Lo 1188.0 | 1.94e+ 3 | 27.80 | 4.59 10.4
Mg Ko 12536 | 1.71e+3 | 27.41 | 426 9.9

1 Al Ko 1486.7 | 1.13e+3 | 24.92 | 3.35 8.3
Si- Ko | 1740.0-|-4.30e+ 3 | 22.02 | 14.91 71
Zr Lo 2042.4 | 3.38¢+ 3 | 30.12 | 13.76 6.1
Mo Lo 2293.2 | 2.56e+3 | 32.97 | 11.69 5.4
Cl Ko 2622.4 | 1.83e+4+3 | 3468 | 957" 4.7
Ag Lo 2984.3 | 1.31eé+3 | 35.56 | 7.81 4.2
Ca Ko 3691.7 | 7.50e+2 | 36.14 | 5.52 3.4
Ti Ka 45108 | 4.37¢+2 | 36.19 | 3.93 2.7
V Ka 49522 | 3.39¢+2 | 36.12 | 3.34 2.5
Cr Ko 5414.7 | 2.66e+2 | 36.03 | - 2.86 2.3
Mn Ko 5898.8 | 2.10e+2 | 35.91 | 2.47 2.1
Co Ka 6930.3 | 1.35e+2 | 35.68 | 1.86 1.8
Ni Ka 74782 | 1.09¢e+ 2 | 35.56 | . 1.62 1.7
Cu Ka 8047.8 | 891e+4+1 | 35.44 | 1.43 1.5
Ge Ko 9886.4 | 5.05¢+1 | 35.04 [ 0.99 1.3
Y Ko | 149880 [117e+2 | 33.73 | 3.50 0.8 |
Mo Ko | 17479.0 | 7.86e+1 | 35.45 | 2.74 0.7
Pd Ko | 21177.0 | 470e+1 | 36.06 | 1.98 0.6
Sn Ko | 25271.0 | 2.90e+1 | 3624 | 1.46 0.5
Xe Ko | 29779.0 [ 1.83¢+1 | 36.29 1.09 - 0.4

References: 11, 55, 82, 111, 137, 140, 141, 151, 186, 194, 218.
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Krypton (Kr) -
Z =36

Atomic Weight = 83.800
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ta(barns/atom) = u(cm?/gm) x 141.93
E(keV)u(cm?/gm) = f2 x 492.32

Line E(eV) |u(cm¥gm)| £ f2 X (A)
H 10.2 | 3.45¢+ 3 0.71 | 1215
He (I 21.1 | 4.05e+5 17.37 | 587.6
Na Lo 30.5 | 2.57e+5 15.91 | 406.5
Mg L2s 49.3 | 1.96e+4 1.96 | 251.5
Al Lags 724 | 454e+3 | 882 | 067 | 171.2
Si Las 91.5 | 4.40e+3 | 690 | 0.82 | 1355
Be K 108.5 | 852¢+3 | 442 | 1.88 | 1143
Sr M¢ 114.0 | 1.16e+4 | 4.65 | 2.67 | 108.8
Y M¢ 132.8 | 1.80e+4 | 223 | 485 | 934
Zr M¢ ©151.1 | 2.68e+4 | 199 | 824 | 821
B Ko« 183.3 | 3.64e+4 | 374 | 13.55 | 67.6
Mo M(¢ 192.6 | 3.77e4+ 4 | 4.80 | 14.73 | 644
Ar L¢ 220.1 | 3.88e+4 | 7.77 | 17.34 | 56.3
C Ka | 2770 | 340e+4 | 13.98 | 19.15 | 448
Ag M¢ 311.7 | 3.07e+4 | 17.34 | 19.46 | 308
N Ka 392.4 | 2.19¢+4 | 22.82 | 17.45 | 316
Ti Lo 452.2 | 1.70e+4 | 25.37 | 1562 | 27.4
V Lo 511.3 | 1.35e+4 | 26.92 | 1399 | 24.2
0 Ka 524.9 | 1.28e+4 | 27.21 | 13.65 | 23.6
Cr La 572.8 | 1.07¢+4 | 28.05 | 12.49 | 21.6
Mn Lo 637.4 | 86le+3 | 2881 | 11.15 | 195
F Ko 676.8 | 7.56e+3 | 29.10 | 10.39 | 18.3
Fe Lo 705.0 { 6.97e+3 | 2927 | 9.97 ] 176
Co La 776.2 | 5.67e+3 | 2964 | 8.94 | 16.0
Ni Lo 851.5 | 46le+3 | 2084 | 7.97 | 146
Cu Lo 920.7 | 3.77e+3 | 2991 | 713 | 133
Zn Lo 1011.7 | 3.10e+ 3| 29.85 | 6.38 | 12.3
Na Ko 1041.0 | 2.91e+3 | 2981 | 615 | 119
Ge Lo 1188.0 2.14e4+ 3 | 29.45 5.16 104
Mg Ka 12536 | 1.88¢+3 | 29.22 | 4.80 9.9
Al Ko 1486.7 | 1.25¢+3 | 27.82 | 3.77 8.3
Si- Ka 1740.0-|-8.28¢+2 | 22.71 | 2.93 7.1
Zr Lo 2042.4 | 3.32¢+3 | 27.62 | 13.76 6.1
Mo Lo 2293.2 | 2.75¢+ 3 | 32.35 | 12.82 5.4
Cl Ka 2622.4 | 1.98e+3 | 34.814 | 10.56 4.7
Ag Lo 2984.3 | 1.43¢+3 | 36.10 | 8.67 4.2
Ca Ko 3691.7 | 8.20e+2 | 37.01 | 6.15 3.4
Ti Ko 4510.8 | 4.79e+2 | 37.19 | 4.39 2.7
V Ka 4952.2 | 3.72¢+ 2 | 37.16 | 3.74 2.5
Cr Ka 5414.7 | 2.92¢+2 | 37.09 | 3.21 2.3
Mn Ko 5898.8 | 2.31e+2 | 36.99 | 2.76 2.1
Co Ka 6930.3 | 1.48¢+2 | 36.78 | 2.08 1.8
Ni Ka 7478.2 | 1.20e+2 | 36.67 | 1.82 1.7
Cu Ka 8047.8 9.79% + 1 36.55 1.60 1.5

.Ge Ka 9886.4 | 5.55e+1 | 36.18 | 1.11 1.3
Y Ko | 149880 | 1.78¢+1 | 32.94 | 0.54 0.8
Mo Ka | 17479.0 | 8.42e+1 | 36.07 | 2.99 0.7
Pd Ko | 21177.0 | 5.08¢+1 | 36.93 | 218 0.6
Sn Ko | 25271.0 | 314e4+1 | 3719 | 1.61 0.5
Xe Ka | 29779.0 [ 1.99e+1 | 3727 | 1.21 0.4
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Rubidium (Rb)
: Z =37
Atomic Weight = 85.470
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Edge Energies
Lj 2065.1eV My 326.7eV® N; 305 eV

15199.7 eV

Ly 1863.9 eV My 248.7 eV*® Nip 16.3eV®
Liy 1804.4 eV Miyr 239.1 eV® Ny 15.3 eVe
My 113.0 eV°
My 112.0 eV?



#a(barns/atom) = p(cm?/gm) x 145.50

E(keV)u(

cm?/gm) = f2 x 480.24

Line E(eV) |u(cm?gm)| £ f2 A (4)
H 102 | 828e+3 | 1.76 | 1215
He (I 211 | 2.18e+ 4 0.96 | 587.6
Na Lz 305 | 2.98¢+ 5 18.94 | 406.5"
Mg Lo 49.3 | 3.60e+ 4 370 | 251.5
Al Lz3 724 | 5.55e+3 | 1041 | 0.84 | 171.2
Si Lgs 91.5 | 4.90e+3 | 868 | 0.93 | 135.5
Be K 108.5 | 4.85e+3 | 7.39 | 1.10 | 114.3
Sr M¢ 114.0 | 4.84e4+3 | 689 | 1.15 | 108.8
Y M¢ 132.8 | 7.95¢+3 | 454 | 2.20 | 934
Zr M(¢ 151.1 | 1.50e+4 | 212 | 473 [ 821
B Ko« 183.3 | 2.89e+4 | 258 | 11.04 | 67.6
Mo M¢ 192.6 | 3.10e+4 | 324 | 1242 | 644
Ar L¢ 220.1 | 344e+4 | 573 | 1577 | 56.3
C Ka - 277.0 | 3.50e+4 | 11.99 | 20.16 | -44.8
Ag M¢ 311.7 | 3.07e+4 |-16.21 | 19.91 39.8
N Ko 392.4 | 2.32e+4 | 21.98 | 1896 | 31.6
Ti Lo 452.2 | 1.81e+4 | 2510 | 17.07 | 27.4

'V La 511.3 | 1.44e+4 | 2695 | 15.37 | 242
0 Ka 524.9 | 1.37e+4 | 27.30 | 15.02 | 23.6
Cr Lo 572.8 | 1.16e+4 | 28.32 | 13.82 21.6
Mn Lo 637.4 | 9.35¢+3 | 29.29 | 1240 | 195
F Ka 676.8 | 8.22¢+3 | 29.69 | 11.58 | 183
Fe ' Lo 705.0 | 7.58¢+3 | 29.92 | 11.13 | 176
Co La | '776.2 | 617e+3 | 30.43 | 9.97 16.0
Ni Lo 851.5 | 5.02¢+3.| 30.72 | 8.91 14.6
Cu La 929.7 | 4.13¢+3 | 3087 | 7.99 | 13.3
Zn Lo 1011.7 | 3.40e+3 { 30,01 | 717 | 12.3
Na Ko 10410 | 3.19¢+ 3 | 30.90 | 6.91 11.9
Ge Lo 1188.0 | 2.34¢e+3 | 30.68 | 5.80 | 10.4
Mg Ko 1253.6 | 2.07¢+3 | 30.52 | 5.40 9.9
Al Ko 1486.7 | 1.37¢4+3 | 29.52 | 4.25 8.3
Si - Ko 1740.0 ‘| '9.43¢+ 2 | 27.13 | 3.42 7.1
Zr L« 20424 | 3.47e+ 3 | 23.58 | 14.78 6.1
Mo Lo 2293.2° | 3.03e4 3 | 30.81 | 14.49 5.4
Cl Ka 2622.4 | 2.18¢+43 | 34.87 | 11.89 |- 4.7
Ag Lo 2984.3 | 1.57e+3 | 3662 { 9.75 4.2

"Ca Ka 3691.7 | 9.01e+2 | 37.87 | 6.93 3.4
Ti Ka '4510.8 | 5.29¢+2 | 38.19 | 4.97 2.7
V Ka 4952.2 | 4.12¢+4+2 | 38.19 | 4.25 2.5
Cr Ka | 54147 | 324e+2 | 38.15 |. 3.65 2.3
Mn Ko 5898.8 | 2.57e+2 { 38.08 | 3.15 21

.Co Ka 6930.3 | 1.66e+2 | 37.89 | 2.39 1.8
Ni Ka 74782 { 1.35e+2 | 37.78 | 2.10 1.7
Cu K« 8047.8 | 1.10e+2 | 37.68 | 1.85 1.5
Ge Ko 9886.4 | 6.24e+1 | 37.35 | 1.28. 1.3
Y Ko | 14988.0 | 1.94e+1 | 35.86 | 0.61 0.8
Mo Ko | 17479.0 | 899e+1 | 36.37 | 3.27 0.7

‘Pd Ka | 21177.0 | 5.44e+1 | 3775 | 2.40 0.6
Sn Ko | 25271.0 | 3.38¢4+1 | 3812 | 1.78 0.5
Xe Ko | 297790 | 2.15e+1 | 38.25 | 1.33 0.4
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Strontium (Sr) -
Z=38
Atomic Weight = 87.620




pa(barns/atom) = u(cm?/gm) x 147.63
E(keV)p(cm?/gm) = f2 x 473.29

Line E(eV) |u(cm?gm)| £ f2 2 (A)
H 10.2 | 9.06e+ 4 19.53 | 1215
He (II) 21.1 | 2.12e+ 4 0.94 | 587.6
Na Lo3 30.5 | 2.76e+'5 17.77 | 406.5
Mg L3 49.3 | 5.08e+ 4 5.24 | 251.5
Al Lo 72.4 | 652¢+3 | 12.44 | 1.00 | 171.2
Si Las 91.5 | 476e+3 | 1067 | 092 | 1355
Be K 1085 | 491e+3 | 963 | 113 | 1143
Sr M¢ 114.0 | 491e+3 | 930 | 1.18 | 1088
Y M¢ 132.8 | 5.09¢e+3 | 794 | 143 | 934
Zr M¢ 151.1 | 691e+3 | 6.05 | 221 82.1
B Ko« 183.3 | 1.92e+4 | 247 | 743 | 676
Mo M(¢ 192.6 | 2.35e+4 | 291 | 958 | 644
Ar L¢ 220.1 | 2.85e+4 | 5.28 | 1324 | 56.3
C Ka 277.0 | 3.05e+4 | 986 | 17.84 | 448
Ag M¢ 311.7 | 3.0le+ 4 | 13.09 | 19.83 | 39.8
N Ka 392.4 | 2.55¢+4 | 21.06 | 21.16 | . 31.6
Ti Lea 452.2 | 1.97¢+4 | 25.53 | 1878 | 274
V La 511.3 | 1.55e+4 | 27.59 | 16.75 | - 242
0 Ka 5249 | 1.48¢e+4 | 27.97 | 16.36 | 2386
Cr Lo 5728 | 1.25e+4 | 29.11 | 15.08 | 21.6
Mn Lo 637.4 | 1.01e+4 | 30.28 | 1363 | 195
F Ka 676.8 | 8.93e+3 | 30.93 | 12.77 | 183
Fe Lo 705.0 | 815e+3 | 31.25 | 12.13 | 17.6
Co La 776.2 | 6.56e+ 3| 31.79 | 1076 | 16.0
Ni Lo 851.5 | 5.33¢+3 | 32.13 | 959 | 146
Cu L« 920.7 | 436e+3 | 32.37 | 857 13.3
Zn La 1011.7 | 3.56e+3 | 32.44 | 7.61 12.3
Na Ka 1041.0 | 3.32¢4+ 3 | 3243 | 7.31 11.9
Ge Lo 1188.0 { 2.43e+3 | 3222 | 610 | 104
Mg Ka 1253.6 | 2.14e+ 3 | 32.08 | 5.67 9.9
Al Ka 1486.7 | 1.43e+3 | 31.32 | 4.49 8.3
Si - Ka 1740.0 -| ‘1.00e+ 3 | 29.87 | 3.68 7.1
Zr Lo 2042.4 | 1.04e+ 3 | 23.11-| 450 6.1
Mo L« 2293.2 | 2.72e+ 3 | 29.03 | 13.20 5.4
Cl Ka 2622.4 | 2.26e+ 3 | 34.09 | 12.52 4.7
Ag Lo 2984.3 | 1.66e+ 3 | 36.74 | 10.46 4.2
Ca Ka 3691.7 | 9.55¢+2 | 3841 | 7.45 3.4
Ti Ka 45108 | 5.70e+2 | 3887 | 5.44 2.7
V Ka 4952.2 | 4.51e4+2 | 3899 | 4.72 2.5
Cr Ka 5414.7 | 356e+2 | 39.03 | 4.08 2.3
Mn Ka 5898.8 | 2.84e+2 | 39.01 | 3.54 2.1
Co Ka 6930.3 | 1.85e+2 | 3889 | 2.71 1.8
Ni K« 74782 | 1.51e+2 | 3880 | 2.38 1.7
Cu Ko 8047.8 | 1.24e+2 | 3873 | 2.11 1.5
Ge Ka 9886.4 | 6.8le+1 | 3843 | 1.42 1.3
Y Ko | 1498380 | 213e+1 | 3720 | o067 0.8
Mo Ko | 17479.0 | 960e+1 | 3624 | 3.55 0.7
Pd Ko | 211770 | 5.86e+1 | 3857 | 2.62 0.6
Sn Ka | 25271.0 | 365¢+1 | 39.06 | 1.95 0.5
Xe Ko | 29779.0 | 2.33e+1 | 39.22 | 1.47 0.4

References: 222.
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Yttrium (Y)

Z =39
Atomic Weight = 88.906
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Lir  2155.5 eV M
L1y 2080.0 eV M
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392.0 eV*®
310.6 eV©®
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157.7 eV®
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Ny 43.8eV®
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| pa(barns/atom) = u(cm?/gm) x 151.48
E(keV)u(cm?/gm) = f> x 461.28

Line E(eV) [p(cm?/gm)| £ f2 X (A)
H 10.2 | 1.95e+ 5 43.12 | 1215
He (IO 21.1 | 7.58¢+ 4 3.47 | 587.6
Na Lgs 30.5 | 9.85¢+ 4 6.51 | 406.5
Mg Lz 49.3 | 8.19e+ 4 8.75 | 251.5
Al Lgs 72.4 | 1.09+4 | 1404 | 1.72 | 171.2
Si L2 91.5 | 5.34e+3 | 12.11 | 1.06 | 1355
Be K. 108.5 | 5.03¢e+3 | 1095 | 1.18 | 114.3
Sr M¢ 114.0 | 5.13¢+3 | 1066 | 1.27 | 108.8
Y M¢ 132.8 | 527¢e+3 | 974 | 1.52 93.4
Zr M¢ 151.1 | 5.36e+3 | 863 | 1.76 82.1
B Ko 183.3 | 7.24e+3 | 516 | 2.88. | 67.6
Mo M¢ 192.6 | 1.03e+4 | 360 | 429 | ‘644
Ar L¢ 220.1 | 2.24e+4 | 3.53 { 10.67 56.3
C Ko 277.0 | 2.71e+4 | 856 | 16.27 | 448
Ag M(¢ 311.7 | 2.71e+ 4 | 11.41 | 1834 | 39.8
N Ko 392.4 | 2.35e+4 | 1814 | 20.00 | 31.6
Ti Lo 452.2 | 1.99e+ 4 | 21.94 | 19.48 27.4
V Lo 511.3 | 1.71e+4 | 24.75 | 18.98 | 24.2
0O Ka 524.9 | 1.66e+ 4 | 25.45 | 18.84 23.6
Cr La 572.8 | 1.43e+4 | 27.54 | 17.78 21.6
‘Mn Lo 637.4 | 1.19¢+ 4 | 29.65 | 16.43 19.5
F Ko 676.8 | 1.05e+ 4 | 30.70 | 15.37 18.3

| Fe La 705.0 | 9.59¢+ 3 | 31.23 | 14.65 17.6
Co La 776.2 | 7.79¢+ 3 | 32.22 | 13.11 16.0
Ni Lo 851.5 | 6.34e+3 | 33.18 | 11.70 14.6
Cu Lo 929.7 | 4.91e+3 | 33.54 | 9.89 13.3
Zn Lo 1011.7 | 4.03e+3 | 33.20 | 884 | 123

| Na K« 1041.0 | 3.82¢+3 | 33.21 | 8.63 11.9
Ge Lo 1188.0 | 2.84e4+ 3 | 3332 | 7.30 10.4
Mg Ko 1253.6 | 2.50e+3 | 3327 | 6.80 9.9
Al Ko 1486.7 | 1.67e+3 | 32.77 | 5.38 8.3
Si- Ka 1740.0-|-1.15e+ 3 | 31.73 | 4.32 7.1
Zr La 2042.4 | 7.77e+ 2 | 28.88 | 3.44 6.1
Mo Lo 2293.2 | 2.70e+ 3 | 23.36 | 13.44 5.4
Cl Ko 2622.4 | 2.50e+ 3 | 33.06 | 14.207] 4.7
Ag Lo 2984.3 | 1.82e+ 3 | 36.88 | 11.77 4.2
Ca Ko 3691.7 | 1.06e+3 | 39.28 | 8.8 3.4
Ti Ko 4510.8 | 6.25¢e+2 | 40.05 | 6.11 2.7
V Ko 4952.2 | 4.87e¢4+ 2 | 4017 | 5.23 2.5
Cr Ko 5414.7 | 3.83e+2 | 40.20 { 4.50 2.3
Mn Ko 5898.8 | 3.04e4+2 | 40.18 | 3.89 2.1
Co Ka 6930.3 | 1.97e+2 | 40.04 | 2.95 1.8
Ni Ko 74782 | 1.60e+2 | 39.95 | 2.59 1.7
Cu Ko 8047.8 | 1.31e+2 | 39.85 | 2.28 1.5
Ge Ko 9886.4 | 7.40e+1 | 39.55 | 1.59 1.3
Y Ko | 149880 | 2.31e+1 | 3855 | 0.75 0.8
Mo Ko | 17479.0 | 1.51e+1 | 3691 | 0.57 0.7
Pd Ko | 21177.0 | 6.22¢+1 | 39.26 | 2.86 0.6
Sn Ko | 25271.0 | 388e+1 | 39.94 | 213 0.5
Xe Ko | 29779.0 | 2.48¢+1 | 40.17 | 1.60 0.4
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Zirconium (Zr)

Z =40
Atomic Weight = 91.220
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: Edge Energies
17997.6 eV Ly 2531.6 eV My 430.3 eV®
L;p 2306.7e¢V My 343.5 eV?
Liip 2222.3eV My 329.8 eV
: My 181.1 eV?®
My 178.8 eV?®

References: 33, 52, 59, 76, 99, 115, 123, 127, 131, 175, 200, 201, 203, 232.
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Nr 506 eV
Ny 285 eV?

 Nqp 27.1eV?®



a(barns/atom) = u(cm?/gm) x 154.28
E(keV)u(cm?/gm) = f2 x 452.91

Line E(eV) Ju(cm?/gm)| £ f2 2 (A)
H 102 | 1119+ 5 26.85 | 1215
"He (ID 21.1 | 9.34e+ 4 4.35 | 587.6
Na Lz 30.5 | 5.45e+ 4 | 367 | 406.5
Mg L2 49.3 | 1.30e+5 -] 1415 | 2515
Al Lo 72.4 | 1.98e+4 | 17.21 | 316 | 171.2
Si- Las 91.5 | 5.72¢e+3 | 1463 | 1.15 | 1355
Be K 108.5 | 4.86e+3 | 13.06 | 1.16 | 114.3
Sr M¢ " 1140 | 5.05e+3 | 12.74 | 1.27 | 1088
Y M¢ 132.8 | 5.44e+3 | 11.88 | 1.59 93.4
Zr M¢ 151.1 | 5.57e+3 | 11.14 | 1.86 82.1
B K« 183.3 | 5.47e+3 | 9.25 | 221 67.6
Mo M¢ 192.6 | 5.73¢+ 3 | 8.36 | 2.44 64.4
Ar L¢ 220.1 | 1.05e+4 | 450 | 5.08 56.3
C Ko« 277.0 | 2.47e+4 | 7.89 | 15.08 44.8
Ag M¢ 311.7 | 2.52e+4 | 11.22 | 17.35 39.8
N Ko 392.4 | 2.22e+4 | 17.22 | 19.27 31.6
Ti Lo 452.2 | 1.95e+4 | 21.24 | 19.49 27.4
V Lo 511.3 | 1.67e+ 4 | 24.38 | 18.90 24.2
O Ko 524.9 | 1.62e+4 | 25.02 | 18.76 23.6
Cr. Lo 572.8 | 1.41e+4 | 27.19 | 17.85 21.6
Mn Lo 637.4 | 1.17e+ 4 | 29.08 | 16.47 19.5
F Ko 676.8 | 1.05e+4 | 29.97 | 15.74 18.3
Fe La 705.0 | 9.81e+ 3 | 30.54 | 15.27 17.6
Co Lo 776.2 | 8.22e+ 3 | 31.86 | 14.09 16.0
Ni Lo 851.5 | 6.84e+ 3 | 33.06 | 12.86 14.6
Cu Lo 929.7 | 5.50e+ 3 | 33.73 | 11.29 13.3
Zn La 1011.7 | 4.55¢+4 3 | 34.05 | 10.16 12.3
Na Ko 1041.0 | 4.26e+3 | 34.15 | 9.79 11.9
Ge Lo 1188.0 | 3.14e+ 3 | 3438 | 8.23 10.4
Mg Ko 1253.6 | 2.77e+3 | 3439 | 7.66 9.9
Al Ko 1486.7 | 1.85¢+3 | 3417 | 6.06 8.3
1Si- Ko | 1740.0-|-1.24e+ 3 | 33.42 4.78 71
Zr Lo 2042.4 | 8.37e+2 | 31.60 | 3.77 6.1
Mo Lo 22932 | 6.34e4+2 | 27.13 | 3.21 5.4
Cl Ko 2622.4 | 2.34e+ 3 | 31.16 | 13.57 4.7
Ag Lo .| 29843 | 1.95¢+3 | 36.48 | 12.88 4.2
Ca Ko 3691.7 | 1.14e+ 3 | 39.83 | 9.31 3.4
Ti Ke 4510.8 | 6.77e+ 2 | 40.91 | 6.74 2.7
V Ke 4952.2 | 5.28e+2 | 41.11 | 5.77 2.5
Cr Ko 5414.7 | 4.15¢+2 | 41.19 | 4.96 2.3
Mn Ko 5898.8 | 3.29¢+4 2 | 41.20 | 4.29 2.1
Co Ka 6930.3 | 2.12e4+2 | 41.09 | 3.25 1.8
Ni Ka 74782 | 1.72¢4+ 2 | 41.02 | 2.85 1.7
Cu Ko 8047.8 | 1.41e4+2 | 40.93 | 2.51 1.5
Ge Ka 9886.4 | 7.97e+1 | 4064 | 1.74 1.3
Y Ko | 14988.0 | 2.48¢+1 | 39.71 | o0.82 0.8
Mo Ko | 17479.0 | 1.62¢+1 | 38.86 | 0.63 0.7
Pd Ko | 21177.0 | 6.63e+1 | 39.88 | 3.10 0.6
Sn Ko | 25271.0 | 4.15¢+1 | 40.82 | 2.31 0.5
Xe Ka | 29779.0 | 2.66e+1 | 41.12 | 1.75 0.4

References: 59, 98, 99, 123, 175, 211, 223, 232.
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Niobium (Nb)
Z =41
Atomic Weight = 92.906
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ﬁa(barns/atom) = p(cm?/gm) x 159.31

E_(keV)p,(anz/gm) = fo x 438.59
~ Line E(eV) |p(cm?/gm)| £ fa X (A)
H 10.2 | 9.03¢ + 4 21.00 | 1215
He (I 21.1 | 1.51e+5 7.27 | 587.6
Na L3 30.5 | 5.07e+ 4 3.53 | . 406.5
Mg Lo 49.3 | 1.26e+ 5 1417 | 251.5
Al Los 72.4 | 247e+4 | 1721 | 408 | 171.2
Si Logs 91.5 | 7.03e+3 | 1496 | 1.47 | 135.5
Be K 108.5 | 4.36e+3 | 13.32 | 1.08 | 114.3
Sr M¢ 114.0 | 4.37e+3 | 12.88 | 1.14 | 108.8
Y M¢ 132.8 | 4.94e+3 | 11.87 | 1.50 | 93.4
Zr M(¢ 151.1 | 5.57e+3 | 11.12 | 1.92 82.1
B Ko 1833 | 5.71e+3 | 994 | 239 676
Mo M(¢ 192.6 | 560e+3.| 945 | 2.46 | 64.4
Ar L¢ 220.1 | 5.70e+3 | 686 | 2.86 | 563
C Ka 277.0 | 2.14e+4 | 454 | 1350 | 44.8
Ag M¢ 311.7 | 2.37e+4 | 7.56 | 16.85 39.8
N Ko 392.4 | 2.45e+4 | 14.36 | 21.89 | 31.6
Ti Lo 452.2 | 2.19e+ 4 | 20.06 | 22.61 27.4
V Lo 511.3 | 1.91e+4 | 24.12 | 22.32 24.2
0 Ko 524.9 | 1.85e+4 | 25.11 | 22.13 | 23.6
Cr La 572.8 | 1.59e+ 4 | 28.23 | 20.70-| 21.6
Mn Lo 637.4 | 1.26e+4 | 30.36 | 18.34 19.5
F Ko 676.8 | 1.13e+4 | 31.17 | 17.41 | 183
Fe Lo 705.0 | 1.05e+4 | 31.74 | 16.83° | 17.6
Co Lo 776.2 | 8.77e+3 | 3311 | 15.53 | 16.0
Ni Lo 851.5 | 7.12¢+ 3 | 34.34 | 13.82 14.6
Cu La 929.7 | 5.80e+3 | 34.90 | 12.30 | 13.3
Zn Lo 1011.7 | 4.84e+ 3| 35.19 | 11.17 | 12.3
Na Ko 1041.0 | 4.54e+3 | 35.34 | 10.78 | 11.9
Ge Lo 1188.0 .| 3.35e+3 | 3568 | 9.07 | 104
Mg Ko 1253.6 | 2.96e+3 | 35.73 | 8.46 9.9
Al Ko 1486.7 | 1.98¢e+ 3 | 35.61 | 6.71 8.3
Si- Ko | 1740.0-1-1.35e+3 | 35.07 | 5.36 71
Zr Lo | 20424 | 911e+2 | 3383 | 4.24 6.1
Mo La ‘| 2293.2'| 6.84e+2 | 31.73 | 3.57 5.4
Cl Ka 2622.4 | 2.20e+3 | 2766 | 1313 | - 47
Ag Lo | 29843 | 2.02¢+3 | 3552 | 13.78 4.2
Ca Ka 3691.7 | 1.20e+3 | 40.27 | 10.06 3.4
Ti Ka 4510.8 | 7.12¢e+2 | 41.71 7.32 2.7
V Ke 4952.2 | 5.57e+2 | 41.99 | 6.28 2.5
Cr Ka 5414.7 | 4.39e+2 | 42.14 | 5.42 2.3
Mn Ko 5898.8 | 349+ 2 | 42.19 | 4.69 2.1 -
Co Ko 6930.3 | 2.25e+2 | 42.13'] 3.56 1.8
Ni Ko 74782 | 1.83e+2 | 42.07 | 312 1.7
Cu Ko 8047.8 | 1.50e+2 | 41.99 | 275 1.5 .
Ge" Ka 9886.4 | 8.50e+1 | 41.72 | 1.92 1.3
Y Ko | 149880 | 2.67¢e+1 | 4091 | o091 0.8
Mo Ko | 17479.0 | 1.74e+1 | 40.36 { 0.70 0.7
Pd Ko | 21177.0 | 6.97e+1 | 39.98 | 3.37 0.6
Sn Ko | 25271.0 | 4.37e+1 | 41.59 | 2.52 0.5
Xe Ko | 29779.0 | 2.80e+1 | 42.02 | 1.90 0.4
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Molybdenum (Mo)

Z=42

Atomic Weight = 95.940

w©
<
o Peu
<+ - /
e A0
i |
w—
9 "— \\ /
-]
o)
10 100 1000 10000
v 7T] N
9 ] \ N "\
' 17 “\
ALK \
J |
~ o I
N ,1 N[
_ vV \
10 100 - 1000 10000
09 .
£
=
~N
£,
\9 -
3
©
k=
10 100 1000 10000
- E (eV)
Edge Energies
19999.5eV L 2865.5eV  M; 506.3eV® N; 632eV®
Lj; 2625.1eV My 411.6 eV® Ny 376 eV?
Lip 2520.2eV Myy 3940 eV Ny 355 eV?

References: 33, 48, 52, 59, 76, 115, 123, 127, 131, 177, 200, 205, 223, 233.
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Myy 231.1 eV?
My 2279 eV®



pa(barns/atom) = u(cm?/gm) x 162.74
E(keV)u(cm?/gm) = f2 x 429.37

Line E(eV) u(cmz/gm) f1 f2 A (A)
H 10.2 | 5.17e+ 4 12.29 | 1215
He (1D 21.1 | 9.87e+ 4 4.85 | 587.6
Na Lp3 30.5 | 6.64e+ 4 4.71 | 406.5
Mg Lo 49.3 | 1.23¢+5 | - 14.15 | 2515
Al Las 72.4 | 3.18¢+4 | 1822 | 5.36 | 171.2
Si Lga 91.5 | 9.88e+3 | 16.50 | 211 | 135.5
Be K 108.5 | 4.92¢+4+ 3 | 14.69 | 1.24 | 1143
Sr M(¢ 114.0 | 4.72¢+3 | 1423 | 1.25 | 108.8
Y M¢ 132.8 | 5.13¢+ 3| 1316 | 1.59 93.4
Zr M¢ 1511 | 5.6le+ 3 | 12.54 | 1.97 82.1
B Ko 183.3 | 5.62e+3 | 11.66'| 2.40 67.6
Mo M(¢ 192.6 | 5.48¢+3 | 11.31 2.46 64.4
Ar L¢ 220.1 | 5.05e+3 | 984 | 259 ] 56.3

1C Ka 277.0 | 1.22¢+4 | 239 | 7.86 4.8
Ag M¢ 311.7 | 2.20e+ 4 | 4.49 | 15.97 39.8
N Ko 392.4 | 2.41e+ 4 | 13.72 | 22.06 31.6
Ti Lo 452.2 | 2.20e4+4 | 19.35 | 2315 |  27.4
V Lo 511.3 | 1.88e+ 4 | 23.51 | 22.34 24.2
0 Ko« 524.9 | 1.82e+ 4 | 24.17 | 22.27 23.6
Cr Lo« . 572.8 | 1.65e+4 | 27.48 | 21.98 | 21.6
Mn Lo 637.4 | 1.34e+ 4 | 30.45 | 19.90 19.5
F Ko 676.8 | 1.19¢e+ 4 | 31.60 | 18.70 18.3
Fe Lo 705.0 | 1.10e+ 4 | 32.30 | 18.04 17.6
Co Lo 776.2 | 9.04e+ 3 | 33.78 | 16.35 16.0
Ni Lo 851.5 | 7.44e+ 3 | 34.84 | 14.76 14.6
Cu Lo 929.7 | 6.17e+ 3 | 35.63 | 13.35 13.3
Zn Lo 1011.7 | 5.11e+ 3 | 36.20 { 12.04 12.3
Na Ko 1041.0 | 4.79¢+ 3 | 36.35 | 11.61 11.9
Ge Lo 1188.0 | 3.53¢+ 3 | 36.78 | 9.77 10.4
Mg Ko 12536 | 3.12¢+3 | 36.85 | 9.11 9.9
Al Ko 1486.7 | 2.11e+ 3 | 36.86 | 7.29 8.3
Si- Ka .| 1740.0-{ 1.45¢+ 3 | 36.51 5.87 71
Zr Lo 2042.4 | 9.83e+2 | 35.63 | 4.67 6.1
Mo L« 2293.2 | 7.39¢+ 2 | 34.33 | 3.95 5.4
Cl Ko 2622.4 | 5.29e+ 2 | 28.36 | 3.23 4.7
Ag Lo 2984.3 | 1.90e+ 3 | 33.86 | 13.21 42
Ca Ko 3691.7 | 1.25¢+ 3 | 40.59 | 10.73 3.4
Ti Ko 4510.8 | 7.46e+2 | 42.44 | 7.84 2.7
V Ko 4952.2 | 5.84e+4 2 | 42.82 6.73 2.5
Cr Ko 5414.7 | 4.6le+ 2 | 43.03 | 5.81 2.3
Mn Ko 5898.8 | 367e+2 | 43.13 | 5.04 2.1
Co Ko 6930.3 | 2.37e¢+ 2 | 43.13 | 3.83 1.8
Ni Kea 7478.2 | 1.93e+ 2 | 43.08 { 3.36 1.7
Cu Ko 8047.8 | 1.58¢+ 2 | 43.01 2.96 1.5
Ge Ko 9886.4 | 9.00e+1 | 42.75 2.07 1.3
Y Ko | 149880 | 2.85e+1 | 42.01 | 1.00 0.8
Mo Ko | 17479.0 | 1.86e+1 | 41.54 | 0.76 0.7
Pd Ko | 21177.0 | 6.61e+1 | 38.87 | 3.26 0.6
Sn Ko | 25271.0 | 460e+1 | 4237 | 271 0.5
Xe Ko | 29779.0 | 2.96e+1 { 42.93 | 2.05 0.4
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Technetium (Tc)

Z =43

Atomic Weight = 98.000
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pa(w/amm) = p(cm?/gm) x 167.83 .

E(keV)u(cm?/gm) = f2 x 416.33

Line E(eV) |u(cm¥gm)| £ 2 XA
H 102 | 5.13e+ 4 12.58 | 1215
He (II) 21.1 | 1.40e+5 7.11 | 587.6
Na La3s 305 | 9.16e+ 4 6.71 | 406.5
Mg La;3 49.3 | 8.78¢+ 4 10.40 | 251.5
Al Lpgs 724 | 5.30e+4 | 1976 | 9.22 | 171.2
Si Las 915 | 1.34e4+4 | 1864 | 295 | 135.5
Be K . 108.5 | 5.94e+3 | 16.45 | 1.55 | 114.3
Sr M¢ 114.0 | 5.16e+ 3 | 15.87 | 1.41 | 108.8
Y M¢ 132.8 | 4.71e+3 | 14.34 | 1.50 | 93.4
Zr -M(¢ 151.1 | 5.63e+3 | 13.57 | 2.04 | 82.1
B K« 183.3 | 6.14e+3 | 12.81 | 2.70 | 67.6
Mo M({ | . 192.6 | 6.14e+3 | 12.62 | 2.84 | 644
Ar L¢ 220.1 | 5.77e+3 | 11.87 | 3.05 | 563
C Ko 277.0 | 5.22¢+3 | 7.38 | 347 4438
Ag M(¢ 311.7 | 1.3le+4 | 248 | 9.81 39.8
N Ka 392.4 | 2.14e+4 | 11.11 | 20.22 | 31.6
Ti La 452.2 | 2.07e+4 | 16.02 | 22.45 27.4
V Lo 511.3 | 1.98e+4 | 2047 | 24.33 | 24.2
0 Ka 524.9 | 1.95e+4 | 21.92 | 2453 | 23.6
Cr Lo 572.8 | 1.69e+4 | 25.64 | 23.28 | 21.6
Mn Lo 637.4 | 1.46e+4 | 29.09 | 22.33 | 19.5
F  Ka 676.8 | 1.30e+ 4 | 30.94 | 21.09 | . 18.3
Fe Lo 705.0 | 1.20e+4 | 31.91 | 20.35 | 17.6
Co La 776.2 | 9.89e+3 | 33.90 | 18.44 | 16.0
Ni Lo 851.5 | 8.13e4 3 | 35.27 | 16.62 | 14.6
Cu La | 9297 | 6.74e+3 | 36.26 | 15.04 | 13.3
Zn Lo 1011.7 | 5.60e+ 3 | 37.01 | 13.61 | 12.3
Na Ko 1041.0 | 5.25e+3 | 37.23 | 1313 | 11.9
Ge Lo 1188.0 | 3.87¢43 | 37.86 | 11.05 | 10.4
Mg Ka 1253.6 | 3.42¢+ 3 { 38.01 | 10.30 9.9
Al Ko 1486.7 | 2.31e+ 3 | 3823 | 825 8.3
Si- Ko | 1740.0'| 1.57e+3 | 38.03 | 6.54 71
Zr La 2042.4 | 1.05e+3 | 37.32 | 5.15 6.1
Mo Lo 2293.2 | 7.86e42 { 36.34 | 4.33 54
Cl Ka 2622.4 | 5.65e+2 | 33.80 | 3.56 4.7
Ag Lo 2984.3 | 1.67e+ 3 | 31.04 | 11.97 4.2
Ca Ka 3691.7 | 1.3l1e+ 3 | 40.53 | 11.60 34
Ti Ka 4510.8 | 7.90e+4 2 | 43.03 |- 8.55 2.7
V Ka 4952.2 | 6.20e+2 | 43.56 | 7.37 2.5
Cr Ka 5414.7 | 4.90e+ 2 | 43.87 | 6.38 2.3
Mn Ko 5898.8 | 3.91e+42'| 44.03 | 5.54 21
Co Ka 6930.3 | 2.53e42 | 44.12 | 4.22 1.8
Ni Ko 7478.2 | 2.06e+2 | 44.09 | 3.70 1.7
Cu Ko 8047.8 | 1.69¢+2 | 4404 | 3.26 1.5
Ge Ka 9886.4 | 9.62¢+1 | 4378 | 2.28 1.3
Y Ko | 149880 | 3.06e+1 | 4310 | 1.10 0.8
Mo Ko | 17479.0 | 2.00e+1 | 42.72 | o0.84 0.7
Pd Ko | 21177.0 | 1.17e+1 | 41.30 | 0.60 0.6
Sn Ka | 25271.0 | 4.85e+1 | 43.02 | 2.94 0.5
Xe Ka }29779.0 | 3.14e4+1 | 43.80 | 2.25 0.4

References: 232.
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Ruthenium (Ru)
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pa(barns/atom) = p(cm?/gm) x 170.88
E(keV)u(cm?/gm) = f2 x 408.90

Line E(eV) |u(cm?/ gm) fi 2 2 (A)
H 10.2 | 5.04e+ 4 12.56 | .1215
He (1) 21.1 | 1.45e+ 5 7.46 | 587.6
Na Lps 30.5 | 1.24e+ 5 9.27 | 406.5
Mg Ly s 49.3 | 1.02¢+ 5 12.31 | 251.5
Al Iz 72.4 | 853e+4 | 1889 |'15.10 | 171.2
Si Iz 91.5 | 2.39e+4 | 21.14 | 5.35 | 1355
Be K 108.5 | 8.59¢+3 | 1859 | 2.28 | 114.3
Sr M¢ 114.0 | 6.27e+3 | 17.77 1.75 | 108.8
Y M¢ 132.8 | 4.41e+3 | 15.46 |- 1.43 93.4
Zr M¢ 151.1 | 5.00e+ 3 | 1417 | 1.85 82.1
B Ko 183.3 | 6.33¢e+3 | 13.10 | 2.84 67.6
Mo M(¢ 192.6 | 6.42¢+ 3 | 12.90 | 3.03 64.4
Ar L¢ ' 220.1 | 6.55¢+ 3 | 12.30 | 3.53 56.3
C Ka 277.0 | 5.68¢+ 3 | 10.18 | 3.85 44.8
Ag M¢ 311.7 | 5.80e+3 | 6.04 | 442 39.8
N Ko« 392.4 | 2.11e4+ 4 7.67 | 20.27 31.6
Ti Lo 452.2 | 2.14e4+ 4 | 14.07 | 2364 | 274
V L« 511.3 | 2.0le+ 4 | 19.31 | 25.18 24.2
0 Ko 524.9 | 1.96e+ 4 | 20.60 | 25.17 23.6
Cr Lo 572.8 | 1.76e+ 4 | 23.98 | 24.69.] 216
Mn Lo 637.4 | 1.56e 44 | 28.14 | 24.34 19.5
F Ko 676.8 | 1.39¢+4 | 30.43 | 23.06 18.3
Fe Lo 705.0 | 1.29¢+ 4 | 31.61 { 22.27 17.6
Co Lo 776.2 | 1.07e+ 4 | 33.95 | 20.22 16.0
Ni L« 851.5 | 8.77e+ 3 | 35.60 | 18.27 14.6
Cu Lo 929.7 | 7.27¢+ 3 | 36.79 | 1653 13.3
Zn Lo 1011.7 | 6.04e+3 | 37.68 | 14.94 |  12.3
Na Ko 10410 | 5.66e+ 3 | 37.93 | 14.41 11.9
Ge Lo 1188.0 | 4.18¢+ 3 | 38.69 | 12.15 10.4
Mg Ko .| 1253.6 | 3.70e+ 3 | 38.88 | 11.33 9.9
Al Ko 1486.7 | 2.50e+3 | 39.19 | 9.09 | - 83
Si- Kea&- 1740.0- |- 1.72¢ 4+ 3 | 39.11 7.32 7.1
Zr Lo 2042.4 | 1.16e+ 3 | 38.61 5.81 6.1
Mo Lo 2293.2 | 8.71e+2 | 37.90 | 4.88 5.4
Cl Ko 2622.4 | 6.17e+2 | 36.23 | 3.96 4.7
Ag Lo 2984.3 | 8.48¢e+ 2 | 29.75 6.19 42
Ca Ko 3691.7 | 1.44e+ 3 | 40.16 | 12.96 34
Ti Ke 4510.8 | 8.64e+2 | 4369 | 9.53 2.7
V Ko 4952.2 | 6.78¢e+2 | 44.40 | 8.21 2.5
Cr Ko 5414.7 | 5.36e+ 2 | 44.82 7.10 2.3
Mn Ko 5898.8 | 4.27e+ 2 | 45.04 6.16 2.1
Co Ka 6930.3 | 2.77e+2 | 45.20 | 4.70 1.8
Ni Ko 74782 | 2.26e+2 | 45.20 | 4.13 1.7
Cu Ko 8047.8 | 1.85e+2 | 45.16 | 3.64 1.5
Ge Ko 9886.4 | 1.05e+2 | 44.97 { 2.54 1.3
Y Ko | 149880 | 3.31e+1 | 44.26 | 1.21 0.8
Mo Ko | 174790 | 2.16e+1 | 4393 | o0.92- 0.7
Pd Ko |21177.0 | 1.27e+1 | 43.13 | 0.68 0.6
Sn Ko | 25271.0 | 5.12¢+1 | 43.39 | 3.17 0.5
Xe Ko | 29779.0 | 3.33¢e+1 | 4460 | 2.42 0.4

References: 76, 119, 223, 232.
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ta(barns/atom) = u(cm?/gm) x 176.68 |
E(keV)u(cm?/gm) = f2 x 395.47

Line E(eV) p(cm?/gm) fi fa 2 (A)

H 10.2 | 4.74e+ 4 12.23 | 1215
He (ID 211 | 1.23e+5 6.55 | 587.6
Na Las | 305 | 1.24e45 9.55 | 406.5
Mg Los | 49.3 | 11le+5 13.78 | 251.5
Al Lags 72.4 | 8.89%+4 | 16.34 {'16.27 | 171.2
Si Las 91.5 | 3.66e+4 | 22.32 | 8.47 | 1355
Be K 108.5 | 1.35e+4 | 2076 | 3.71 | 114.3
Sr M¢ 114.0 | 9.34e+3 | 19.95 | 2.69 | 108.8
Y M¢ 132.8 | 4.27¢+3 | 17.06 | 1.43 93.4
Zr M¢ 151.1 | 4.94e+3 ] 1527 | 1.89 82.1
B Ka 183.3 |- 6.32e+3 | 1411 | 2.93 67.6
Mo M¢ - 192.6 | 6.49¢+ 3 | 13.90 | '3.16 64.4
Ar L¢ 220.1 | 6.77e+3 | 1345 | 3.77 56.3
C Ka 277.0 { 6.02¢+3 | 12.39 | 4.22 44.8
(Ag M( 311.7 | 5.34¢+3 | 1040 | 4.21 | 39.8
N Ko 3924 | 1.64e+4 | 3.36 | 16.26 31.6
Ti Lo 452.2 | 1.96e+4 | 10.77 | 22.42 27.4
|V L '511.3 | 1.93e+4 | 16.14 | 24.97 | 24.2
0 Ko 524.9 | 1.91e+4 | 17.30 | 25.41 23.6
Cr La 572.8 | 1.8le+4 | 21.65 | 26.17 21.6
Mn Lo 637.4 | 1.58¢+4 | 26.33 | 25.43 19.5
F. Ko 676.8 | 1.46e+ 4 | 28.64 | 25.03 18.3
Fe Lo 705.0 | 1.37e+4 | 3029 | 2446 | 176
Co L« 776.2 | 1.14e+ 4 | 33.48 | 22.36 16.0

I Ni La 851.5 | 9.40e+ 3 | 35.60 | 20.23 14.6
|1 Cu La 929.7 | 7.81e+ 3| 37.09 | 18.35 13.3
Zn Lo 1011.7 | 6.51e+ 3 | 38.24 | 16.65 12.3
Na Ko |.1041.0 | 6.10e+ 3 | 38.58 | 16.06 11.9
Ge Lo 1188.0 | 4.50e+ 3 | 39.61 | 13.51 10.4

Mg Ko 1253.6 | 3.97e+ 3 | 39.87 | 12.59 9.9 |

Al Ko 1486.7 | 2.68e¢+ 3 | 40.30 | 10.07 8.3
Si- Ka- 1740.0- | 1.86e+ 3 | 40.35 8.18 7.1

| Zr La 2042.4 | 1.27¢e+ 3 | 40.04-| 654 | - 6.1
Mo La 2293.2 | 9.50e+2 | 39.54 | 5.51 5.4
Cl Ko 26224 | 6.73¢+2 | 38.38 | '4.46 4.7
Ag Lo 2984.3 | 4.75e+2 | 35.40 | 3.59 4.2
Ca Ko 3691.7 | 1.46e+ 3 | 38.85 | 13.64 3.4
Ti Ko 4510.8 | 9.00e+ 2 | 44.02 | 10.27 2.7
V Ko 4952.2 | 7.1le+2 | 44.97 | 8.90 2.5
Cr Ko 5414.7 | 5.65e+2 | 45.54 | 7.73 2.3
Mn Ko 5898.8 | 4.51e+2 | 45.89 | 6.73 2.1
Co Ko 6930.3 | 2.94e+2 | 4618 | 5.15 1.8
Ni Kea 74782 | 2.3%+2 | 46.21 | 4.52 1.7
Cu Ko 8047.8 | 1.96e+2 | 46.19 | 3.98 1.5
Ge Ka 9886.4 | 1.11e4+ 2 | 46.03 | 2.78 1.3
Y Ko | 14988.0 | 3.48e+1 | 45.35 | 1.32 0.8
‘Mo Ka | 17479.0 | 2.27e+1 | 45.02 | 1.00 0.7
Pd Ko | 21177.0 | 1.34e+1 | 44.39 | 0.72 0.6
Sn Ko | 25271.0 | 5.30e+1 | 4318 | 3.38 0.5
Xe Ko | 297790 | 346e+1 | 45.39 | 2.61 0.4

References: 48, 64, 76, 99, 223, 232.
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Palladium (Pd)

] Z =46
Atomic Weight = 106.400
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ua(barns/ato;xl) = p(cm?/gm) x 179.13
E(keV)u(cm?/gm) = f2 x 390.08

Line E(eV) |u(em?gm)| £ f2 X (4)
H 10.2 | 4.74e + 4 12.40 [ 1215
He (II) 21.1 | 1.31e+ 5 7.07 | 587.6
Na Lo 30.5 | 1.37e+.5 10.71 | 406.5
Mg L2;3 49.3 | 1.25e+5 15.78 | 251.5
Al Los 72.4 | 1.05e+5 | 13.00 | 19.40 | 171.2
Si Logs 91.5 | 7.11e+ 4 | 22.71 | 16.67 | 1355
Be K 108.5 | 2.10e+ 4 | 25.23 | 5.85 | 114.3
Sr M¢ 114.0 | 1.32e+4 | 23.69 | 3.85 | 108.8
Y M¢ 132.8 | 5.09e+3 | 19.24 | 1.73 93.4
Zr M(¢ 151.1 | 4.62e+3 | 16.67 | 1.79 82.1
B Ko 183.3 | 7.28¢+ 3 | 14.83 | 3.42 67.6
Mo M(¢ 192.6 | 7.51e+3 | 1472 | 3.71 64.4
Ar L¢ 220.1 | 7.55e+3 | 14.37 | 4.26 56.3
C Ko 277.0 | 6.87e+3 | 13.72 | 4.88 44.8
Ag M¢ 311.7 | 5.92e+3 | 12.74 | 4.73 39.8
N Ko 392.4 | 861e+3 | 270 | 8.66 31.6
Ti Lo 452.2 | 1.92e+4 | 7.41 | 22.21 27.4
V Lo 511.3 | 1.97e+ 4 | 14.54 | 25.79 24.2
0 Ko 524.9 | 1.95e+ 4 | 15.87 | 26.18 23.6
Cr Lo 572.8 | 1.85e+ 4 | 20.39 | 27.18 21.6
Mn L« 637.4 | 1.63e+4 | 25.37 | 26.59 19.5 |
F Ko 676.8 | 1.51e+4 | 27.71 | 2617 18.3
Fe Lo 705.0 | 1.43e+4 | 29.33 | 25.90 17.6
Co Lo 776.2 | 1.22e+ 4 | 33.07 | 24.29 16.0
Ni Lo 851.5 | 1.02e+4 | 35.85 | 22.24 14.6
Cu Lo 929.7 | 8.32¢+ 3 | 37.82 | 19.83 13.3
Zn Lo 1011.7 | 6.92e+3 | 39.04 | 17.96 | 12.3
Na Ka 1041.0 | 6.49e+ 3 | 39.41 | 17.33 11.9
Ge Lo 1188.0 { 4.81e+ 3 | 40.59 | 14.64 10.4
Mg Ko 1253.6 | 4.25e+ 3 | 40.91 | 13.67 9.9
Al Ko 1486.7 | 2.88¢+ 3 | 41.59 | 10.99 8.3
Si- Koo' 1740.0 | 1.97e+3 | 41.77 | 8.78 71
Zr Lo 20424 | 1.32¢+3 | 41.48 | 6.93 6.1
Mo Lo 2293.2 | 9.91e+4 2 | 41.01 5.83 5.4
Cl Ko 26224 | 7.09¢e+2 | 40.06 | 4.76 4.7
Ag Lo 2984.3 | 5.14e+2 | 38.24 | 3.93 4.2
Ca Ko 3691.7 | 1.35e+ 3 | 37.73 | 12.82 3.4
Ti Ke 4510.8 | 9.49e+ 2 | 44.35 | 10.97 2.7
V Ko 4952.2 | 7.49e+2 | 45.55 | 9.50 2.5
Cr Ko 5414.7 | 5.95e+ 2 | 46.28 | 8.25 2.3
Mn Ko 5898.8 | 4.75¢e+2 | 46.71 7.19 21
Co Ko 6930.3 | 3.10e+2 | 47.10 | 5.50 1.8
Ni Ko 7478.2 | 2.52¢+2 | 47.16 | 4.84 1.7
Cu Ko 8047.8 | 2.07e+2 | 47.16 | 427} 15
Ge Ko 9886.4 | 1.18e+ 2 | 47.01 2.99 1.3
Y Ko | 14988.0 | 3.76e+1 | 46.41 1.44 0.8
Mo Ko | 17479.0 | 2.46e+1 | 4613 | 1.10 0.7
Pd Ko | 21177.0 | 1.44e+1 | 45.61 0.78 0.6
Sn Ko | 25271.0 | 1.20e+1 | 43.27 | 0.78 0.5
Xe Ko | 29779.0 | 3.67e+1 | 46.14 | 2.80 0.4
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o (barns/atom) = u(cm?/gm) x 186.65
E(keV)z(cm?/gm) = f> x 374.36 '

Line E(eV) |[p(cm®/gm)| £ f2 A (4)
H 10.2 | 1.55¢+4 4323 | 1215
He (II) 21.1 | 5.12e+ 4 2.88 | 587.6
Na Lggs 30.5 | 7.99e+ 4 1651 | 406.5
Mg Las 49.3 | 9.00e+ 4 -] 11.86 | 251.5
Al Lag 724 | 7.74e+4 | 1258 | 14.97 | 171.2
Si Lo 91.5 | 5.95¢+4 | 18.87 | 14.55 | 135.5
Be K 1085 | 3.24e+4 | 2353 | 9.38 | 114.3
Sr M(¢ 114.0 | 2.48¢+4 | 2376 | 7.57 | 108.8
Y M(¢ 132.8 | 9.53e+3 | 21.40 | 3.38 | 934
Zr M( 151.1 | 4.76e+ 3 | 1917 | 1.92 | 82
B Ka 183.3 | 540e+ 3 | 1658 | 2.64 | 67.6
Mo M(¢ 192.6 | 5.69¢+3 | 1626 | 2.92 | 644

| Ar Le 220.1 | 6.28¢+3 | 15.73 | 369 | 563
C Ka 277.0 | 6.03e+3 | 1535 [ 4.46 | 44.8
Ag M(¢ '311.7 | 5.36e+3 | 14.68 | 447 | 398
N Ko« 3924 | 440e+3 | 992 | 461 | 31.6
Ti Lo 452.2 | 1.12e+4| 099 | 1353 | 27.4
V Le 511.3 | 1.98e+4 | 12.22 | 27.07 | 24.2
0 Ka 5249 | 1.92e+4 | 14.66 | 26.87 | 23.6
Cr Lo 572.8 | 1.68e+4 | 1886 | 25.66 | 21.6
Mn Lo - 637.4 | 1.53e+4 | 23.07 | 2611 | 195
F ' Ke 676.8 | 1.45¢+4 | 25.46 | 26.21 | 183
Fe Lo 705.0 | 1.39e+4 ) 27.16 | 26.12 | 17.6
Co Lo 776.2 | 1.23e+4 | 31.14 | 25.47 | 16.0
Ni La 851.5 | 1.04e+4 | 34.83 | 23.75 14.6
Cu Lo 920.7 | 8.71e+3 | 37.20 | 21.64 | 133
Zn Lo 1011.7 | 7.27e+3 | 38.99 | 19.66 | 12.3
Na Ko 1041.0 | 6.82¢+3 | 39.51 | 1896 | 11.9
Ge Lo 1188.0 | 5.01e+3 | 41.08 | 15.90 | 10.4
Mg Ko 1253.6 | 4.42e+3 | 41.48 | 14.80 9.9
Al Ko 1486.7 | 2.98e+ 3 | 42.19' | 11.82 8.3
Si- Ko™ | 17400 | 2.10e+3 | 42.49 | 9.75 71
Zr Lo 20424 | 1.44e+3 | 42.54 | 7.86 6.1
Mo Lo 22932 | 1.08¢+3 | 42.34 | 6.61 5.4
Cl Ko 26224 | 7.54e+2 | 41.70 | 5.28 47
Ag Lo 2984.3 | 5.19¢+2 | 40.36 | 4.13 4.2
Ca Ka 3691.7 | 1.23e+3 |'34.93 | 12.12 34
Ti Ka 4510.8 | 1.0l1e+ 3 | 44.30 | 12.16 2.7
V Ko | 49522 | 7.96e+2 | 45.97 | 10.52 2.5
Cr Ko 5414.7 | 6.31e+2 | 46.93 | 913 2.3
Mn Ko 5898.8 | 5.04e42 | 47.52 | 7.95 21
Co Ka 6930.3 | 3.29¢+ 2 | 48.07 | 6.09 1.8
Ni Ka 7478.2 | 2.68e+2 | 48.17 | 5.36 1.7
Cu Ko | 8047.8 | 2.20e+2 | 48.21 | 4.73 1.5

-Ge Ko 9886.4 | 1.25e+2 | 48.15 | 331 1.3
Y Ko |149880 | 394e+1 | 4750 | 1.58 0.8
Mo Ka | 17479.0 | 2.57e+1 | 47.21 | 1.20 0.7
Pd Ko | 21177.0 | 1.51e+1 | 46.75 | 0.85 0.6
Sn Ko | 25271.0 | 9.24e+0 | 45.70 | 0.62 0.5
Xe Ko | 29779.0 | 3.79e+1 | 46.75 | 3.02 0.4

References: 24, 25, 48, 54, 178, 207.
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Cadmium (Cd)

. . Z =48
" Atomic Weight = 112.400
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ta(barns/atom) = p(cm?/gm) x 190.67
E(keV)u(cm?/gm) = f2 x 366.47

Line E(eV) |[u(cm®gm){ £ f2 X ()
H 102 | 7.36e+ 4 20.49 | 1215
He (IN) 21.1 | 3.0le+ 4 1.73 | 587.6
Na Lo 30.5 | 5.83e+4 4.85 | 406.5
Mg Lo 49.3 | 1.0de+5 14.02 { 251.5
Al Lo 72.4 | 1.01e4 5 8.32 | 19.90 | 171.2
Si Laga 91.5 | 9.00e+4 | 21.96 | 22.47 | 135.5
Be K 1 108.5 | 4.08¢+4 | 27.30 | 12.07 | 114.3
Sr M¢ 114.0 | 3.12e+4 | 27.02 | 9.71 | 108.8
Y M¢ 132.8 | 1.28¢+ 4 | 25.21 462 | 934
Zr M¢ 151.1 | 4.53e+3 | 21.46 | 1.87 82.1
B Ko 183.3 | 5.06e+3 | 17.91 2.53 67.6
Mo M¢ 192.6 | 5.45e+3 | 17.39 | 2.87 64.4
Ar L¢ 220.1 | 6.36e+3 | 16.48 | 3.94 56.3
C Ko 277.0 | 7.40e+ 3 | 16.23 | 5.59 44.8
Ag M¢ 311.7 | 6.89¢+3 | 16.33 | 5.86 39.8
N Ko 392.4 | 4.98¢+3 | 14.07 | 5.33 31.6
Ti Lo 452.2 | 4.96e+3 | 5.34 | 6.12 27.4
V La 511.3 | 1.68e+4 | 8.61 | 23.40 24.2
O K« 524.9 | 1.71e+4 | 11.17 | 24.55 23.6
Cr Lo 572.8 | 1.58¢+4 | 17.58 | 24.65 21.6
Mn Lo 637.4 | 1.37e+ 4 | 20.43 | 23.81 19.5
F Ko 676.8 | 1.48e+ 4 | 21.06 | 27.38 18.3
Fe La 705.0 | 1.48e+4 | 25.14 | 28.53 17.6
Co La 776.2 | 1.24e+ 4 | 30.26 | 26.22 16.0
Ni L« 851.5 | 1.09e+ 4 | 33.90 | 25.39 14.6
Cu L« 929.7 | 9.20e+ 3 | 37.09 | 23.35 133
Zn La 1011.7 | 7.70e+ 3 | 39.25 | 21.25 12.3
Na Ko 1041.0 | 7.22e+ 3 | 39.87 | 20.50 11.9
Ge Lo 1188.0 | 5.32e+ 3 | 41.79 | 17.24 10.4
Mg Ko 1253.6 | 4.70e+ 3 | 42.31 | 16.07 9.9
Al Ko 1486.7 | 3.17e+ 3 | 43.34 | 12.86 8.3
Si- K& | 17400 | 2.20e+ 3 | 43.77 | 10.46 71
Zr Lo 2042.4 | 1.51e+ 3 | 43.81 841 | © 61
Mo Lo 22932 | 1.14e+3 | 43.62 | 7.14 5.4
Cl Ko 2622.4 | 8.21e+2 | 43.13 | 5.87 4.7
Ag Lo 2984.3 | 5.93e+ 2 | 42.21 4.83 4.2
Ca Ka 3691.7 | 6.04e4+ 2 | 35.05 | 6.08 3.4
Ti Ko 4510.8 | 1.03e+ 3 | 44.08 | 12.62 2.7
V Ko 4952.2 | 8.10e+ 2 | 46.28 | 10.95 2.5
Cr Ko 5414.7 | 6.44e+ 2 | 47.49 | 9.52 2.3
Mn Ko 5898.8 | 5.16e+ 2 | 48.20 | 8.30 2.1
Co Ko 6930.3 | 3.37e+ 2 | 48.89 | 6.37 1.8
Ni Ko 74782 | 2.75e+2 | 49.03 | 5.61 1.7
Cu Ko 8047.8 | 2.26e+ 2 | 49.10 | 4.96 1.5
Ge Ko 9886.4 | 1.30e+2 | 49.02 | 3.50 1.3
Y Ko | 14988.0 | 4.19e+1 | 4854 | 1.71 0.8
Mo Ko | 17479.0 | 2.74e+1 | 48.29 | 1.31 0.7
Pd Ko | 21177.0 | 1.61e+1 | 47.88 | 0.93 0.6
Sn Ko | 25271.0 | 9.85e+0 | 47.16 | 0.68 0.5
Xe Ko [ 29779.0 | 397e+1 | 47.02 | 3.23 0.4

References: 58, 99.
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Indium (In)
Z=49
Atomic Weight = 114.820
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pa(barns/atom) = p(cm?/gm) x i97.09

E(keV)u(cm?/gm) = f2 x 354.52

Line E(eV) |u(cm?/gm)| £ f2 X (A).
H 10.2 | 1.37e+ 5 39.33 | 1215
He (ID 21.1 | 1.02¢+ 4 0.61 | 587.6
Na Ly 30.5 | 5.33e+ 4 459 | 406.5
Mg Lo 49.3 | 9.29¢ + 4 12.92 | 251.5
Al L3 724 | 119e+5 | 691 | 2424 | 171.2
Si Los 91.5 | 9.32e+4 | 19.10 | 24.05 | 1355
Be K 108.5 | 5.71e+ 4 | 27.71 | 17.47 | 1143
Sr M¢ 114.0 | 4.49e+ 4 | 28.34 | 14.45 | 108.8
Y M¢ 132.8 | 1.86e+4 | 27.28 | 6.98 93.4
Zr M¢ 151.1 | 6.99e+ 3 | 24.48 | 2.98 | 821
B Ka 183.3 | 5.18¢+43 | 1915 | 2.68 | 67.6
Mo M(¢ 192.6 | 5.76e+3 | 1856 | 3.13 64.4
Ar L¢ 220.1 | 6.88e+3 | 17.59 | 4.27 56.3
C Ka 277.0 | 7.36e+.3 | 17.40 | 5.75 44.8 .
Ag M¢ 311.7 | 6.86e+3 | 17.54 | 6.03 39.8
N Ko 392.4 | 5.02e+ 3 | 1627 | 555 31.6
Ti Lo 452.2 | 4.19e+3 | 1245 | 5.35 27.4
V Lo 511.3 | 9.13e+3 | 2.15 | 13.16 24.2
0O Ko 524.9 | 1.27e+4 | 2.87 | 18.77 23.6
Cr La 572.8 | 1.60e+ 4 | 12.79 | 25.90 21.6
Mn Lo 637.4 | 1.43e+4 | 20.14 | 25.71 19.5
F Ko« '676.8 | 1.32¢+4 | 2217 | 25.17 18.3
Fe La 705.0 | 1.26e+4 | 22.29 | 24.97 17.6
Co La 776.2 | 1.32e+ 4 | 27.40 | 28.80 16.0
Ni Lo 851.5 | 1.13e+4 | 32.60 | 27.24 14.6
Cu La 929.7 | 9.79¢+.3 | 36.01 | 25.68 13.3
Zn Lo 1011.7 | 8.05e+ 3 | 39.47 | 22.97 12.3
Na Ko 1041.0 | 7.55¢+ 3 | 40.03 | 2217 11.9
Ge Lo 11880 | 5.57e+ 3 | 42.19 | 1867 10.4
Mg Ko 1253.6 | 4.92e+3 | 42.80 | 17.41 9.9
Al Ko 1486.7 | 3.33e+3 | 44.05 | 13.97 8.3
Si- Ko 1740.0-|-2.33¢+ 3 | 44.63 | 11.42 7.1
Zr La 20424 | 1.60e+ 3 | 44.82 | 9.22 6.1
Mo Lo 22932 | 1.21e+3 | 4475 | 7.85 5.4
Cl Ka 26224 | 8.73e+2 | 4439 | 6.46 4.7
Ag Lo 2984.3 | 6.29e+ 2 | 43.68 | 5.30 4.2
Ca Ko 3691.7 | 3.57e+2 | 40.08 | 3.72 3.4
Ti Ko | 45108 | 1.06e+ 3 | 42.35 | 13.52 2.7
V' Ke 4952.2 | 850e+2 | 46.09 | 11.87 2.5
Cr Ko 5414.7 | 6.82e+ 2 | 47.73 | 10.42 2.3
Mn Ko 58988 | 5.49¢+2 | 4871 | 9.14 2.1
Co Ko 6930.3 | 3.62e+2 | 49.70 | 7.07 1.8
Ni Ko | 74782 | 2.96e+2 | 49.93 | 6.24 1.7
Cu Ko 8047.8 | 2.43e+4+ 2| 50.07 | 5.52 1.5
Ge Ko 9886.4 | 1.39¢+2 | 5012 | 3.88 1.3
Y Ka | 149880 | 4.40e+1 | 49.61 | 1.86 0.8
Mo Ko | 17479.0 | 2.87e+1 | 49.35 | 1.41 0.7
Pd Ka | 211770 | 1.68¢+1 | 48.95 | 1.01 0.6
Sn Ko | 25271.0 | 1.03e+1 | 48.32 | 0.74 0.5
Xe Ka | 29779.0 | 4.01e+1 | 47.03 | 3.37 0.4
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References: 1, 2, 4, 12, 17, 21, 24, 33, 52, 58, 95, 96, 99, 101, 110, 122, 131, 175, 198, 216, 229.
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L

pa(barns/atom) = p(cm?/gm) x 202.17
E(keV)u(cm?/ gm) = f2 x 345.61

Line E(eV) u(cm2/ gm) fi f2 A (A)
H 10.2 | 3.4le+ 5 100.64 | 1215
He (ID) 21.1 | 1.92e+ 4 117 | 587.6
Na Lz 30.5 | 6.35¢+ 3 0.56 | 406.5
Mg La3 49.3 | 5.50e+ 4 7.85 | 251.5
Al Laga 724 | 1.08¢+5 363 | 2255 § 171.2
Si Lags 91.5 | 9.46e+4 | 19.89 | 25.04 | 135.5
Be K 108.5 | 5.14e4+4 | 2969 | 1613 | 1143
Sr M¢ 114.0 | 3.63e+4 | 30.04 | 11.96 | 108.8
Y M¢ 132.8 | 7.84e+3 | 25.36 3.01 93.4
Zr -M(¢ 151.1 | 4.93e+ 3 | 20.70 2.15 82.1
B Ko 183.3 | 6.85¢+ 3 | 18.00 363 | 67.6
Mo M(¢ 192.6 | 7.03e+3 | 17.74 3.92 64.4
Ar L¢° 220.1 | 7.03e+3 | 17.30 448 | 56.3
C Ka 277.0 | 657e+3 | 16.77 527 | 44.8
Ag M¢ 311.7 | 6.0le+ 3| 16.44 5.42 39.8
N Ke 392.4 | 5.00e+3 | 14.53 5.68 | 31.6
Ti Lo 452.2 | 419¢+ 3 | 10.89 548 | 274
V La 511.3 | 3.54e+3 | -3.83 524 | 24.2
0 Ka 524.9 | 7.83¢+3 | -12.58 | 11.89 | 23.6
Cr Lo 572.8 | 2.18¢+4 | 1322 3613 | 216
Mn Lo 637.4 | 1.70e+ 4 | 24.16 | 31.36 | 195
F Ko 676.8 | 1.47e+4 | 2715 ] 2879 | 18.3
Fe Lo 705.0 | 1.35e4+ 4 | 2841 | 2748 | 17.6
Co La 776.2 | 1.12e+4 | 2952 | 25.05 16.0
Ni Lo 851.5 | 1.1le4 4 [ 32.09 | 2737 | 146
Cu Lo 929.7 | 9.54e+3 | 3611 | 2567 | 133
Zn Lo 1011.7 | 8.41e+3 | 3897 | 2462 | 12.3
Na Ko 1041.0 | 7.92¢+3 | 40.09 | 2385 11.9
Ge Lo 11880 | 5.86e+3 | 43.04 | 2014 | 104
Mg Ka 1253.6 | 5.18¢+3 | 43.80 | 1880 9.9
Al Ka 1486.7 | 3.51e+3 | 45.40 | 1512 8.3
Si- Ka 1740.0-|-2.43e+3 | 46.15 | 1225 7.1
Zr La 2042.4 | 1.66e+ 3 | 46.39 9.83 6.1
Mo Lo 22932 | 1.26e+3 | 46.34 8.35 5.4
Cl Ka 2622.4 | 9.04e+2 | 46.04 6.86 4.7
Ag Lo 2984.3 | 6.53e+2 | 45.47 5.64 4.2
Ca Ka 3691.7 | 3.74e+2 | 4312 3.99 3.4
Ti Ka 45108 | 9.52¢+2 | 42.04 { 12.42 2.7
V Ka 49522 | 8.63e+2 | 45.97 | 12.36 2.5
Cr Ka 5414.7 | 6.88e+4+2 | 4821 | 1078 2.3
Mn Ka 5898.8 | 5.52e+2 | 49.40 9.42 2.1
Co Ka 6930.3 | 3.62e+2 | 5055 7.26 1.8
Ni Ka 74782 | 2.96e+2 | 50.81 6.40 1.7
Cu Ko 8047.8 | 2.43e+2 | 50.97 5.66 1.5
Ge Ka 9886.4 | 1.40e+2 | 51.06 3.99 1.3
Y Ko | 149880 | 4.48¢+1 | 50.62 1.94 0.8
Mo Ko | 17479.0 | 2.93e+1 | 5037 1.48 0.7
Pd Ko | 21177.0 | 1.72¢+1 | 50.02 1.06 0.6
Sn Ko | 25271.0 | 1.06e+1 | 49.52 0.77 0.5
Xe Ko | 29779.0 | 6.68e+0 | 4820 0.58 0.4

References: 58, 208.
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Antimony (Sb)
7 =51
Atomic Weight = 121.750
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Tellurium (Te)

Zn La 1011.7 | 8.62¢+3 | 38.35 | 26.45 12.3
Na Ko 1041.0 | 8.12¢+ 3 | 39.60 | 25.64 11.9
Ge Lo 1188.0 | 6.03e+3 | 42.94 | 21.71 | 104
Mg Ko 1253.6 | -5.34e+4 3 | 43.82 | 20.29 9.9

Al Ko | 14867 | 363¢+3-| 4573 | 16.37 8.3
18i- Ka | 1740.0°| 2.51e+ 3 | 46.69 | 13.25 7.1
Zr La 2042.4 | 1.70e+ 3 | 47.04 | 10.55 6.1
Mo L« 22032 | 1.28¢+3 | 47.00] 889 | 5.4
Cl Ko | 26224 | 912¢+2 | 4667 | 726 4.7

Ag Lo 2984.3 | 6.57e+ 2 46.07 5.95 4.2
Ca Ko 3691.7 | 3.82e+ 2 44.04 4.27 3.4
Ti Ke 4510.8 | 7.83e+ 2 39.33 | 10.71 | 2.7
1V K« 4952.2 | 9.00e+ 2 43.71 | 13.51 25
| Cr K« 5414.7 | 7.71e+ 2 47.67 | 1266 | . 23

Mn Ko 5898.8 | 6.22¢+ 2 49.48 | 11.13 21
Co Ko 6930.3 | 4.11le+2 51.23 8.64 1.8
Ni Ke 7478.2 | 3.37e+ 2 51.66 7.63 1.7
Cu Ko 8047.8 | 2.77e+ 2 51.92 6.76 1.5
Ge Ke 9886.4 { 1.59¢+ 2 5220 | 478 | 13

a(barns/atom) = u(cm?/gm) x 211.89 . ' v Z =52
E(keV)u(cm?/gm) = f2 x 329.77 Atomic Weight = 127.600
Line | E(eV) |u(em¥gm)| £ £ |2 g
H 10.2 | 3.15e+ 5 97.32 | 1215
He (ID) 21.1 | 4.57e+ 4 2.93 | 587.6 9
Na Loss 305 | 8.45e+3 0.78 | 406.5 /'~\
Mg Ly 49.3 | 2.36e+ 4 353 | 2515 Q ,%
Al L 72.4 | 9.08e+4 | -310 ] 1994 | 171.2 f
Si Las | 915 | 1.12e+5 | 1089 | 3101 | 1355 8 —
Be K | 1085 | 7.40e+4 | 30.62 | 24.35 | 114.3 o
| sr M¢ 114.0 | 5.39e+4 | 32.73 | 18.65 | 108.8 & .
Y M¢ | 1328 | 1.28¢e+4 | 2846 | 516 | 934
Zr M( 151.1 | 4.93e4+3 | 2274 | 226 | 821 =
B Ko 183.3 | 524e+3 | 1815 | 291 | 67.6 o :
1 Mo M¢ 192.6 | 5.75¢+3 | 17.48 | 3.36 | 644 . .
Ar L¢ 220.1 | 7.01e+3 | 1648 | 468 | 563 10 100 1000 10000
C Ko 2770 | 7.75¢+3 | 16.39 | 651 | 448
Ag M¢ 311.7 | 7.42¢+3 | 1655 | 7.01 | 398
N Ka 392.4 | 5.96e+3 | 1660 | 7.00 | 316 - N
Ti La 452.2 | 4.68e+3 | 1451 | 641 | 274 | . L \ ]
V La | 5113 | 40le+3| 943| 622 | 242 e \ LI
0 Ko 524.9 | 3.94e+3 | 727 ] 628 | 236 X Fmssim N
Cr Lo 572.8 | 1.33e+4 | -13.88 | 2309 | 216 < A\ 1/ 8
Mn Lo 637.4 | 1.75¢e+4 | 17.43 | 3378 | 195 | |V \ '
F Ko 676.8 | 1.56e+4 | 22.36 | 32.02 | 183 , . N
Fe Lo 705.0 | 1.44e+4 | 25.03 | 3074 | 17.6 » \
Co La 776.2 | 1.18¢+4 | 2819 | 27.80 | 16.0 - X
Ni La 851.5 | 1.13e+ 4 | 3073 | 2018 | 146 :
Cu Lo 929.7 | 9.81e+ 3 | 35.23 | 27.65" 13.3 10 ‘ ) 100 1000 10000

w (cm?/gm)
10¢ 10" 10t 100 10

10° 10

Y Ko | 149880 | 5.08e+1 | 5181 | 2.31 0.8 Edge Energies :

Mo Ko | 17479.0 | 3.32¢+1 | 51.56 | 1.76 0.7 L; 4939.2eV  Mp 1006. ¢V® Ny 169.4 ¢V
Pd Ko | 21177.0 | 1.95e+1 | 5120 | 1.25 0.6 Ljp 4612.0eV My 870.8eV’ Ny 1033 &V
Sn Ko | 25271.0 | 1.19e+1 | 50.76 | 0.91 0.5 Lyp 4341.4eV. My 820.0 eV: Npyy 1033 eV:
Xe Ko [ 29779.0 | 7.58¢+0 | 49.91 | 0.68 0.4 -+ Mpy 5834eV’ Npy 419eV

My 5730eV® Ny 40.4eV®

References: 24, 25; 39, 58, 101, 102, 173.
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sa(barns/atom) = u(cm?/gm) x 210.73
E(keV)u(cm?/gm) = £ x 331.58

Line E(eV) |p(cm?/ gm) fi f2 X (A)
H 10.2 | 2.44e+ 5 7511 [ 1215
He (ID 21.1 | 8.7% + 4 5.59 | 587.6
Na L23 30.5 | 1.89e+ 4 1.74 | 406.5
Mg L2 49.3 | 3.72¢+ 4 5.54 | 251.5
Al Los 72.4 | 6.09¢+4 |--6.00 | 13.29 | 171.2
Si Lo 91.5 | 1.10e+5 594 | 30.26 | 135.5
Be K 108.5 | 8.71e44 | 24.98 | 28.50 | 114.3
Sr M¢ 114.0 | 6.87e+4 | 29.52 | 23.63 | 108.8
Y M¢ 132.8 | 2.82¢e+4 | 30.61 | 11.29 93.4
Zr M¢ 151.1 | 1.20e+'4 | 27.71 5.49 82.1
B Ko 183.3 | 4.36e+3 | 21.66 | 2.41 67.6
Mo M¢ 192.6 | 4.54e4+3 | 20.55 | 2.64 64.4
Ar L¢ 220.1 | 5.63e+ 3 | 18.65 3.74 56.3
C Ko 277.0 | 7.32¢+3 | 17.74 | 612 | 448

| Ag M¢ 311.7 | 7.36e+3 | 1819 | 6.92 39.8
N Ko 392.4 | 6.08¢+ 3 | 18.52 7.19 31.6-
Ti Lo 452.2 | 5.04e4+3 | 17.66 | 6.87 27.4
V Lo 511.3 | 4.15¢+-3 | 15.29 | 6.40 24.2
O Ka 5249 | 3.97¢+3 | 1437 | 6.29 23.6
Cr Lo 572.8 | 344e+3 | 870 | 5.95 21.6
Mn Lo 637.4 | 2.03¢+4 | 0.1 | 39.11 19.5
F Ko 676.8 | 1.73e+4 | 17.59 | 35.24 18.3
Fe Lo 705.0 | 1.56e+ 4 | 22.10 | 33.23 17.6
Co Lo 776.2 | 1.2d4e+ 4 | 28.09 | 29.10 16.0
Ni Lo 851.5 | 1.04e+4 | 29.47 | 26.65 14.6
Cu Lo 929.7 | 1.05e+4 | 32.73 | 29.45 13.3
Zn Lo 1011.7 { 8.88e+ 3 | 37.71 |- 27.11 12.3
Na Ko 1041.0 | 8.37e+ 3 | 38.64 | 26.29 11.9
Ge Lo 1188.0 | 6.47e+ 3 | 42.18 | 23.17 10.4
Mg Ko 1253.6 | 5.8le+ 3 | 4345 | 21.97 | 9.9
Al Ka 1486.7 | 3.96e+ 3 | 46.17 | 17.77 8.3
Si- Ko 1740.0-}-2.76e+ 3 | 47.43 | 14.47 7.1
Zr Lo 2042.4 | 1.89e+ 3 | 48.01 | 11.67 6.1
Mo Lo 22932 | 1.44e+3 | 4815 [ 9.95 5.4
Cl Ko 26224 | 1.04e+ 3 | 48.05 | 823 4.7
Ag Lo 2984.3 | 7.58¢+2 | 47.69 | 6.82 42
Ca Ko 3691.7 | 4.43e+ 2 | 46.31 493 3.4
Ti Ko 45108 | 2.62e+2 | 37.08 | 3.56 2.7
V Ka 4952.2 | 8.69¢+ 2 | 42.74 | 12.98 2.5
Cr Ko 5414.7 | 8.0le+ 2 | 47.42 | 13.09 2.3
Mn Ko | 58988 | 6.45¢+2 | 49.91 | 11.47 2.1
Co Ko 6930.3 | 4.24e+2 | 51.99 | 8.87 1.8
Ni Ka 74782 | 347e+2 | 52.48 | 7.83 1.7
Cu Ko 8047.8 | 2.86e+2 | 52.79 | 6.93 1.5
Ge Ka 9886.4 | 1.64e+2 | 53.12 4.90 1.3
Y Ko | 149880 | 529¢+1 | 52.80 | 2.39 0.8
Mo Ka | 17479.0 | 3.46e+1 | 52.57 | 1.83 0.7
Pd Ko | 21177.0 | 2.0de+1 | 52.23 | 1.30 0.6
Sn Ko | 25271.0 | 125¢+1 | 51.84 | 0.95 0.5
Xe Ko [ 29779.0 | 7.90e+0 | 51.20 | 0.71 0.4

References: 29, 165.
€

84

Iodine (I)

Z=53

Atomic Weight = 126.904
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Xenon (Xe)

pa(barns/atom) = p(cm?/gm) x 218.02 Z =54
E(keV)p(cxnz/gxn) = f2 x 320.50 ' . _ . Atomic Weight = 131.290
Line E(eV) |u(cm?/gm) fi £2 A (A) 8
H T 102 0.00 | 1215 | o
He (I 211 | 14le+5 | 9.25 | 587.6 ] 1
Na Loga 305 | 329 +4 313 | 4065 ° ﬂ
Mg Lo 493 | 6.35¢+ 3 0.98 | 251.5 I f—
Al Ly 72.4 | 335e+4 | -7.76 | 757 | 171.2 o .
Si Lags 91.5 | 1.15e+5 | -2.61 | 32.92 | 1355 DA \
Be K 108.5 | 1.12¢+5 | 22.31 | 37.99 | 114.3 o
Sr M¢ |- 114.0 | 953e+4 | 30.16 | 33.90 | 108.8 N \
Y M 132.8 | 3.22¢+4 | 35.98 | 13.36 | 93.4 o
Zr M(¢ 151.1 | 1.10e+4 | 3040 | 520 | 821 =
B Kao 183.3 | 4.17e4+3 | 22.81 | 2.38 | 67.6 o
"Mo M(¢ 192.6 | 4.30e+3 | 21.58 | 258 | 64.4 R 10 100 1000 10000
Ar L 220.1 | 5.55e+3 | 19.29 | 3.81 | 563
C Ka 277.0 | 7.58¢+3 | 1848 | 6.55 | 44.8 "
Ag M¢ 311.7'| 752¢+3 | 1903 | 731 | 39.8
N Ke 392.4 | 6.34e+3 | 1953 | 7.77 | 31.6 \ N
Ti Le 452.2 | 5.52¢+3 | 1937 | 778 | 274 o \ _ \
V La 511.3 | 4.58¢+3 | 1837 | 7.31 | 242 = c 'isiea =
0 Ka 524.9 | 4.40e+3 | 1794 1 721 | 236 o X A N
Ci Lo 572.8 | 3.86e+3 | 1559 | 6.91 | - 216 “— H .
Mn Lo 637.4 | 3.28¢+ 3 7.77 | 653 | 195 \
F K« 676.8 | 1.66e+ 4 | -16.30 | 35.04 18.3 \ \
Fe Lo 7050 § 1.7le+4 | 8385|3762 | 17.6 - \ - - X
Co Le 776.2 | 1.34e+4 | 2412 | 3253 | 16.0 :
Ni Lo 851.5 | 1.08e+4 | 29.02 | 2859 | 146
Cu Lo 929.7 | 9.78¢+3 | 29.17 | 28.38 | . 13.3 10 © 100 1000 10000 -
Zn Lo 10117 | 9.27e+3 | 35.16 | 29.25 | 12.3 . : .
Na Ko 1041.0 | 8.78¢+3 | 36.55 { 28.50 | 11.9 (=]
Ge Lo 1188.0 | 6.84e+3 | 41.24 | 25.35 | 10.4
Mg Ko | 12536 | 6.17e+3 | 42.87 | 24.12 9.9 e
Al Ko | 14867 | 420e+3 | 46.27 | 19.49 8.3 E ©
Si- Ka -| 1740.0-| 2.94e+ 3 | 47.86 | 15.98 7.1 o =
Zr Lo 2042.4 | 2.03e+3 | 48.72 | 12.96 6.1 .
Mo Lo 22932 | 1.55e+3 | 49.02 | 11.08 5.4 g
Cl Ko | 26224 | 1.12¢+3 | 4906 [ 9.9 4.7 L .
Ag Lo 2084.3 | 819e+2 | 48.83 | 7.63 42 3
Ca Ko 3691.7 | 4.79¢+2 | 47.75 | 5.52 34 <
Ti Ko | 45108 | 2.82e+2 | 44.33 | 3.97 2.7 -
V Ko 4952.2 | 6.87e+2 | 40.80 | 1061 | 235 g — .
Cr Ka 5414.7 | 7.41e+2 | 45.16 | 12.51 2.3 T 10 100 1000 10000
Mn Ko 5808.8 | 6.89e+ 2 | 49.60 | 12.67 2.1 ' E (eV)
Co Ka 6930.3 | 4.55e+4 2 | 52.51 9.84 1.8 ’
Ni ' Ker 7478.2 | 3.73¢+2 | 5318 | 8.70 1.7
Cu Ko 8047.8 | 3.07e+2 | 5361 | 7.72 1.5
Ge Ko 9886.4 | 1.77e+2 | 5412 | 547 | 1.3
Y Ko | 149880 | 5.7te+1 | 53.90 | 2.67 0.8 - Edge Energies
Mo Ko | 17479.0 { 3.74e+1 | 53.67 [ 2.04 | 07 | 1, s452.8ev M; 11487eV® Ny 2132eV® O 23.3eV®
Pd Ke | 21177.0 | 2.20e+1 | 5334 | 1.46 06 | Ly 5103.7eV My 1002.1eV® Ny 146.7eV Oy 13.4eVe
Sn Ko'~| 25271.0'| 1.35e+ 1 52.97 1.06 0.5 | Lur 4782.2eV Mz 940.6 eVe Nz 145.5 eV*® Oqr 12.1 eV©e
Xe Ka | 29779.0 | 8.55¢+0 | 52.45 | 0.79 0.4 Mpy 689.0eV® Ny 695 eVe
My 676.4eV® Ny 67.5 eV®

References: 11, 22, 74, 82, 89, 93, 97, 101, 111, 118, 137, 140, 151, 153, 186, 218.
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ta(barns/atom) = p(cm?/gm) x 220.70
E(keV)u(cm®/gm) = f2 x 316.60

Line E(eV) |u(cm?/ gm) fi fa A (A)
H . 10.2 | 1.30e+ 3 0.42 | 1215
He (I) 21.1 | 1.86e+ 5 12.40 | 587.6
Na Lgs 30.5 | 4.78¢+ 4 4.61 | 406.5
Mg Lo 49.3 | 6.70e+ 3 1.04 | 251.5
Al Lps 72.4 | 7.81e+3 | -2.10 | 1.79 | 1712
Si Lo 91.5 | 9.53e+4 | -9.76 | 27.54 | 1355
Be K 108.5 | 1.25e+5 | 16.41 | 42.82 | 114.3
Sr M¢ 114.0 | 1.16e+5 | 26.92 | 41.62 | 108.8 ]
Y. M(¢ 132.8 | 4.27e+4 | 41,06 | 17.89 93.4
Zr M¢ 151.1 | 1.18e+4 | 3473 } 5.61 82.1
B Ko« 183.3 | 3.91e+3 | 26.17 | 2.27 67.6
Mo M(¢ 192.6 | 4.02¢e+3 | 24.84 | 2.45 64.4
Ar L¢ 220.1 | 4.69e+3 | 22.33 | 3.26 56.3
C Ke 277.0 | 6.50e+ 3 | 20.88 | 5.69 44.8
Ag M(¢ 311.7 | 6.78¢+ 3 | 21.07 | 6.67 39.8
N Ko 392.4 | 615e+3 | 2191 | 7.62 31.6
Ti- Lo 452.2 | 5.36e+3 | 22.21 | 7.65 27.4
V La 511.3 | 4.59¢+3 | 2174 | 7.41 24.2
0 Ko« 524.9 | 4.44e+3 | 21.55 | 7.36 23.6
Cr La 572.8 | 3.92¢+3 | 2046 | 7.10 21.6
Mn Lo 637.4 | 3.34e+3 | 17.31 6.73 19.5 |
F Ko 676.8 | 3.03¢e+ 3 | 13.14 6.48 18.3
Fe L& 705.0 | 2.85e+3 | 4.88 | 6.35 17.6
Co La 776.2 | 1.36e+ 4 | 18.30 | 33.23 16.0
Ni Lo 851.5 | 1.08¢+ 4 | 27.55 | 20.17 14.6
Cu La 929.7 | 8.92¢+ 3 | 30.91 | 26.19 13.3
Zn Lo 1011.7 | 9.27e+ 3 | 30.14 | 29.62 12.3
Na Ko 1041.0 | 8.71e+ 3 | 34.27 | 28.63 11.9
Ge Lo 1188.0 | 6.77e+ 3 | 40.25 | 25.40 10.4
Mg Ko 1253.6 | 6.06e+4 3 | 41.85 | 23.99 9.9
Al Ko | 1486.7 | 4.37e+ 3 | 45.47 | 20.52 83
Si- Ko | 1740.0-}-3.12e+ 3 | 48.20 | 17.12 7.1
Zr Lo 2042.4 | 2.14e+ 3 | 49.50 | 13.78 6.1
Mo La | 22932 | 1.62¢e+3 | 4994 | 11.71 5.4
Cl Ko 2622.4 | 1.17e+ 3 | 5008 | 9.67 4.7
Ag Lo 2984.3 | 8.50e+2 | 49.91 | 8.01 4.2
Ca Ko 3691.7 | 5.00e+2 | 49.02 | 5.83 3.4
Ti Ko 4510.8 | 3.01e+2 | 4661 | 4.29 2.7
V Ka 4952.2 | 415e+2 [ 4102 | 6501 25
Cr Ko 5414.7 | T.4de+ 2 | 44.47 | 12.72 2.3
Mn Ko 5898.8 | 7.13e+ 2 | 48.92 | 13.29 2.1
Co Ka 6930.3 | 4.77e+2 | 52.89 | 10.44 1.8
Ni Ko 74782 | 3.92¢e+2 | 53.75 | 9.27 1.7

"Cu Ka 8047.8 | 3.24e4+ 2 | 5430 | 8.24 1.5
Ge Ko 9886.4 | 1.88e+ 2 | 55.03 | 5.87 1.3
Y Ko | 14988.0 | 6.04e+1 | 54.94 | 2.86 0.8
Mo Ko | 17479.0 |- 395e+1 | 54.72 | 2.18 0.7
Pd Ko | 21177.0 | 2.32¢e+1 | 5440 | 1.55 0.6
Sn Ko | 25271.0 | 1.42¢+1 | 54.05 | 1.13 0.5
Xe Ka | 29779.0 | 9.01e+0 | 53.60 | 0.85 0.4

References: 157.
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Barium (Ba)

o (barns/atom) = p(cm?/gm) x 228.05 ' _ Z =56
E(keV)u(cm?/gm) = f> x 306.40 B Atomic Weight = 137.330
Line E(eV) |w(cm*gm)l £ | £ 2 (A) 9 .
H 102 | 3.27¢+ 3 1.09 | 1215 )
He (1) 211 | 369+ 5 25.42 | 587.6 2
Na Lzs 30.5 | 7.89¢+ 4 7.86 | 406.5 v
Mg Lpa | 493 | 8.24e+3 1.33 | 251.5 Q
Al Lo 72.4 | 6.07e+3 | 523 | 1.43| 1712 \ /
Si Las | 915 | 1.66e+4 | -859 | 4.96 | 135.5 - 8 \
Be K 108.5 | 1.61e+5 | -1.08 | 57.15 | 114.3 o N
Sr M(¢ 114.0 | 149+ 5 | 14.59 | 55.59 | 108.8 & :
Y M¢ 132.8 | 5.09e+ 4 | 44.76. | 22.07. | 93.4
Zr M( 151.1 | 141e+4 { 37.27 | 695 | 82.1 Q N
B Ko 183.3 | 3.25e+3 |26.95 | 1.94 | 67.6 ‘o \
Mo M¢ | . 192.6 | 3.33e+3 | 25.24 | 209 | 644 -
Ar L¢ 2201 | 4.36e+3 | 22.31 | 313 | 56.3 10 100 1000 10000
C Ka 277.0 | 6.80e+3 | 2058 | 615 | 448 S
Ag M¢ 311.7 | 7.28¢+ 3 | 2093 | 7.41 | 3958 =
N Ke 392.4 | 6.52¢+3 [ 2250 | 835 | 316 —
Ti Lo 4522 | 567e+3 | 2298 | 837 | 274 \
V .Le 511.3 | 4.95¢+3 | 23.05 | 825 | 242
0 Ka 524.9 | 479e+3 | 23.05 | 820 | 236 \ - : \\ \
Cr La 572.8 | 413e+3 | 2263 | 7.73 | 216 e .
Mn Lo 637.4 | 348¢+3 | 2092 | 724 | 195 \ 1
F Ko 676.8 | 315¢+3 | 1914 | 695 | 183 \ i ' \C
Fe Lo | 705.0 | 292¢+3 [ 1705 | 672 | 176 L f
Co' La 776.2 | 2.69¢+3 | -2.31 | 681 | 16,0
Ni Lo 851.5 | 1.12e+4 | 19.53 | 31.01 | 146 . - N _
Cu Lo 929.7 | 9.86e+4+ 3 | 26.97 | 29.91 133 10 " 100 1000 10000
Zn La 1011.7 | 871e+3 | 31.59 | 2876 | 12.3 »
Na Ko 1041.0 | 835e+3 | 32.89 | 2839 | 11.9 o) .
Ge La 1188.0 | 6.86e+ 3 | 37.99 | 26.62 | 104 =
Mg Ka | 12536 | 6.33¢+3 | 39.81 | 25.01 9.9 -
Al Ko | 14867 | 4.64e+3 | 45.27 | 2251 8.3 e
Si- Ko | 1740.0-|-3.30e+ 3 | 48.23 | 18.74 7.1 g),
Zr Lo | 2042.4 | 2.30e+3 | 49.88 | 15.34 6.1 >
Mo Lo 22932 | 1.76e+ 3 | 50.57 | 13,16 5.4 e
Cl Ko | 26224 | 1.28¢+3 | 50.96 | 10.96 4.7 S
Ag Lo 29843 | 9.36e+2 | 51.00 | 912 | 42 3
Ca Ka | 36917 | 5.51e+2 | 50.40 | 6.64 3.4 ‘©
Ti Ka 45108 | 3.27e+2 | 4860 | 481 | 2.7 M ——c=—c—ci———CCcto e e ==
g ﬁa 4952.2 | 2.54e+2 | 4617 | 4.10 2.5 o i i ISl
r Ka | 54147 | 6.05e+2 | 44.05 | 10.69 2.3 0 100 1000 10000
Mn Ko | 5898.8 | 6.63e+2 | 47.66 | 12.76 2.1
| Co Ko | 69303 | 5.03e+2 | 5316 {1138 | 1.8 E (eV)
Ni Ko | 74782 | 415¢+2 | 54.29 | 1013 1.7 -
Cu Ko | 8047.8 | 344e+2 | 55.01 | 9.03 | - 1.5
Ge Ko | 9886.4 | 2.00e+2 | 5599 | 645 | 1.3 | .
Y Ko | 149880 | 6.43e+1 | 56.03 | 315 | 0.8 , Edge Energies
Mo Ko | 17479.0 | 4.20e+1 | 55.81 | 240 [ 07 | L1 59838eV  M; 1293 eV® Ny 253.5eV° Op 30.3eV?
Pd Ko | 211770 | 246e+1 | 5550 | 1.70 0.6 | Lu 56236eV My 1137 eV® Ny 192. eV Op 17.0eV?
Sn Ka | 25271.0 | 1.50e+1 { 55.15 | 1.24 0.5 | L 524706V My 1063 eV® Ny 1786V’  Opp 148eV®
Xe Ko | 297790 | 954e+0 [ 5475 | 093 | 04| - ‘Mpy 795.5 eV’ Npy 926 eV®
: My 780.2eV® Ny 89.9eV®

References: 127, 157, 179, 224.



tia(barns/atom) = u(cm?/gm) x 230.67
E(keV)u({cm?/gm) = f2 x 302.92

Line E(eV) p(cm?/ gm) fi fo A (A)
H 10.2 | 3.76e + 4 12.66 | 1215
He (1) 21.1 | 6.82e+ 4 4.75 | 587.6
Na Lags 30.5 | 1.43e+ 5 14.43 | 406.5
Mg L3 49.3 | 1.66e+ 4 2.70 | 251.5
Al Logs 72.4 | 6.06e+ 3 707 | 145 | 171.2
Si Loja 915 | 914e+3 | -1.44 | 2.76 | 135.5
Be K - 108.5 | 3.25e+4 | -25.93 | 11.63 | 114.3
Sr M¢ 114.0 | 1.19e+ 5 | -50.44 | 44.91 | 108.8
Y M¢ 132.8 | 8.58¢+4 | 52.22 | 37.63 93.4
Zr Mc¢ 151.1 | 2.17e+4 | 43.33 | 10.83 82.1
B Ko 183.3 | 3.40e+3 | 30.23 | 2.06 67.6
Mo M¢ 192.6 | 3.09e+3 | 27.96 | 1.97 64.4
Ar L¢ 220.1 | 4.09e+3 | 23.94 | 2.97 56.3
C Ko 277.0 | 6.61e+3 | 21.59 | 6.04 44.8
Ag M(¢ 311.7 | 717e+3 | 21.79 | 7.38 | 398
N Ko 392.4 | 6.85e+3 | 22.98 | 887 31.6
Ti Lo 452.2 | 6.33¢+3 | 23.89 | 9.44 27.4
V Lo 511.3 | 5.51e+3 | 24.75 | 9.29 24.2
0O Ko 524.9 | 5.29¢+3 | 24.87 | 917 23.6
Cr La 572.8 | 4.58¢+3 | 2480 | 8.67.| 216
Mn Lo 637.4 | 3.76e+3 | 24.03 | 7.90 19.5
F Ko 676.8 | 3.39e+3 | 2299 | 7.59 18.3
Fe La 705.0 | 3.16e+3 | 21.96 | 7.36 17.6
Co La 776.2 | 2.6le+3 | 16.75°| 6.68 16.0
Ni Lo 851.5 | 1.21e+ 4 5.35 } 34.15 14.6
Cu Lo 929.7 | 9.59¢+ 3 | 25.47 | 29.43 13.3
Zn Lo 1011.7 | 8.26e+ 3 | 29.50 | 27.58 12.3
Na Ko 1041.0 | 7.96e+ 3 | 30.68 | 27.37 11.9
Ge Lo 1188.0 | 6.92¢4 3 | 35.73 | 27.13 10.4
Mg Ko 1253.6 | 6.52e+ 3 | 38.12 | 26.99 9.9
Al Ko |.1486.7 | 4.90e+3 | 44.52 | 24.06 83

18i- Ka 1740.0-{-3.48¢ + 3 | 48.27 | 20.01 7.1
Zr La 20424 | 2.43e+3 | 5026 | 16.40} 6.1
Mo Lo 22032 | 1.87e+3 | 51.12 | 14.14 5.4
Cl Ko 2622.4 | 1.37e+3 | 51.68 | 11.84 4.7
Ag Lo 2984.3 | 1.0l1e+3 | 51.86 | 9.01 4.2

| Ca Ko 3691.7 | 5.96e+2 | 51.52 | 7.27 3.4
Ti Ko 4510.8 | 3.55e+2 | 50.14 | 5.28 2.7
V Ko« 4952.2 | 2.75e¢+ 2 | 48.56 | 4.49 2.5
Cr Ko 5414.7 | 2.13e+2 | 40.87 | 3.81 2.3
Mn Ko 5898.8 | 5.29e+2 | 45.32 | 10.30 2.1
Co Ko 6930.3 | 5.40e+2 | 53.26 | 12.34 1.8
Ni Ko 74782 | 4.44e+2 | 54.74 | 10.97 1.7
Cu Ko 80478 | 3.68¢+2 | 55.65 | 9.77 1.5
Ge Ko 0886.4 | 2.14e+2 | 56.88 | 6.98 1.3
Y Ko | 149880 | 6.92e+1 | 57.06 | 3.43 0.8
Mo Ka | 174790 | 454e+1 | 5686 | 262 0.7
Pd Ko | 21177.0 | 2.67e+1 | 5656 | 1.87 0.6
Sn Ko | 25271.0 | 1.64e+1 | 56.23 | 1.37 0.5
Xe Ko | 29779.0 | 1.04e4+1 | 55.87 | 1.02 0.4

References: 116, 131, 157.

Lanthanum (La)
Z =57
Atomic Weight = 138.910
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Edge Energies
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po(barns/atom) = u(cm?/gm) x 23268
E(keV)p(cm?/gm) = f2 x 300.30

Line E(eV) |[u(cm?/gm)| £ fa A (A
“H 102 | 3.7le+ 4 12.59 | 1215
He (ID 21.1 | 1.55e+ 4 1.09 | 587.6
Na Lojs 305 | 1.33¢e+ 5 13.55 | 406.5
Mg Lo .49.3 | 2.45e+ 4 4.02 | 251.5
Al Lzs- 72.4 | 1.08e+ 4 443 | 248 | 1712
Si Lzs 915 | 856e+3 | -2.54 | 261 | 1355
Be K 1085 | 2.25e+4 | -20.31 | 814 | 114.3
Sr M(¢ 114.0 | 3.58¢+ 4 |.-35.37 | 13.60 | 108.8
Y M¢ 132.8 | 146e+5 | 44.18 | 64.38 | 93.4
Zr M¢ 151.1 | 3.9le+4 | 47.42 | 19.65 82.1
B Ka 1833 | 822¢+3 | 3235 | 502 | 67.6
Mo M¢ 1926 | 621e+3 | 2957 | 3.98 | 64.4
Ar L¢ 2201 | 527¢e+3 | 2420 | 3.8 | 56.3
C Ka 277.0 | 7.79¢+3 | 2094 | 7.19 | 448
Ag M¢ 311.7 | 7.80e+3 | 21.09 | 810 ] 398
N Ko 392.4 | 711e+3 | 2229 | 929 | 316
Ti Lo 452.2 | 6.28e+3 | 22.83 | 946 [ 274
V Lo 511.3 | 5.43¢+3 | 2316 | 925 | 24.2
0 Ka 5249 | 526e+3 | 2315 | 919 | 2386
Cr Lo 572.8 | 468¢+3 | 22.98 | 892 | 216
Mn Lo 637.4 | 4.02¢4+3 | 2217 | 854 | 195
F Ka 676.8 | 3.66e+3 | 21.44 | 824 | 183
Fe Lo 705.0 | 3.34e+3 | 2054 | 784 | 176
Co Lu 776.2 | 268¢+3 | 1634 | 694 | 16.0
Ni Lo 8515 | 217e+3 | 250 615 | 146
Cu Lo 929.7 | 1.42e+4 | 11.91 | 4407 | 133
Zn Lo 1011.7 | 1.19e+ 4 | 27.38 | 4006 | 12.3
Na Ka 1041.0 | 1.12¢+ 4 | 30.35 | 38.74 | 119
Ge Lo 11880 | 8.52¢+ 3 | 39.39 | 33.72 10.4
Mg Ko 1253.6 | 7.64e+3 | 42.03 | 31.89 9.9
‘Al Ka 1486.7 | 5.32¢+3 | 47.13 | 26.33 8.3
Si- Ko | 1740.0-{-3.75e+4+ 3 | 50.64 | 21.73 7.1
Zr La 2042.4 | 2.59¢e+3 | 52.51 | 17.59 6.1
Mo Lo 2293.2 | 1.96e+3 | 53.27°| 15.00 5.4
Cl Ka 26224 | 1.42e+3 | 53.67 | 12.41 4.7
Ag Lo 2984.3 | 1.03e+3 | 53.72 | 10.28 4.2
Ca Ka. | 3691.7 | 6.09¢+2.| 5322 | 7.48 3.4
Ti Ko 4510.8 | 3.65e+2 | 51.97 | 5.48 2.7
V Ke 4952.2 | 2.86e4+2 | 50.82 | 4.71 2.5
Cr Ka 5414.7 | 2.26e+2 | 48.48 | 4.07 2.3
Mn Ko 5898.8 | 5.37e+2 | 46.79 | 10.55 2.1
Co Ka 6930.3 | 5.46e42 | 53.14 | 12.59 1.8
Ni Ko | 74782 | 452¢+2 | 55.03 | 11.27 1.7
Cu Ko 8047.8 | 3.76e+2 | 56.14 | 10.08 1.5
Ge Ko 9886.4 | 2.21e+2 | 57.68 | 7.27 1.3
Y. Ka | 14988.0 | 7.17e+1 | s58.05 | 358 0.8
Mo Ko | 17479.0 | 469e+1 | 57.87 | 2.73 0.7
Pd Ko | 21177.0 | 2.76e+1 | 57.58 | 1.94 0.6
Sn Ko | 25271.0 | 169 +1 | 57.26 | 1.42 0.5
Xe Ko | 29779.0 | 1.07e+1 | 56.92 | 1.06 0.4

References: 116, 148, 152, 157.
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ta(barns/atom) = u(cm?/gm) x 233.99
E(keV)u(cm?/gm) = f2 x 298.62

Praseodymium (Pr)
Z=59
Atomic Weight = 140.908

Line E(eV) u.(cmz/ gm) f1 fa A (A)
H 10.2 | 3.67¢+ 4 12.53 [ 1215
He (II) 21.1 | 2.2le+ 4 1.56 | 587.6
Na Lggs 30.5 | 1.3%+ 5 14.16 | 406.5
Mg Ly3 49.3 | 3.03e+ 4 5.00 | 251.5
Al Lags 72.4 | 1.37e+4 | 11.40 | 3.32 { 171.2
Si Lga 91.5 | 1.02¢ + 4 725 | 314 | 1355
Be K 108.5 | 1.21e+4 | -5.33 | 4.38 | 1143
Sr M(¢ 114.0 | 211e+4 | -11.42 | 8.04 | 108.8
Y M(¢ 132.8 | 1.11e+5 | 33.07 | 49.36 93.4
Zr M¢ 151.1 | 4.69e+ 4 | 40.00 { 23.72 82.1
B K« 183.3 | 1.17e+4 | 3403 | 7.21 67.6

| Mo M¢ 192.6 | 9.23e+3 | 31.91 | 5.95 | 644
Ar L¢ 220.1 | 6.67e+3 | 2727 | 4.91 56.3
C Ko 277.0 | 7.26e+3 | 2432 | 6.73 44.8
Ag M¢ 311.7 | 7.85e+3 | 2398 | 819 39.8
N Ko 392.4 | 747¢+3 | 25.75 | 9.81 31.6
Ti Le 452.2 | 656e+3 | 26.93 | 9.94 27.4
V La '511.3 | 5.68¢+4+3 | 2756 | 9.72 24.2
0 Ko 524.9 | 5.50e+3 | 27.67 | 9.67 23.6
Cr Lo 572.8 | 4.92e+3 | 28.09 | 9.43 21.6
Mn La 637.4 | 404e+3 | 2797 | 8.62 19.5
F Ko 676.8 | 3.63e+ 3 | 27.53 | 8.24 18.3
Fe Lo 705.0 { 3.38¢+3 | 2708 | 7.99 17.6
Co Lo 776.2 | 2.76e+3 | 25.15 | 7.17 16.0
Ni Lo 851.5 | 2.25e+3 | 20.30 | 6.42 14.6
Cu Lo 929.7 | 8.03e+ 3 1.98 | 24.98 13.3
Zn Lo 1011.7 | 9.65¢+ 3 | 24.45 | 32.69 12.3
Na Ko 1041.0 | 9.26e4+ 3 | 27.88 | 32.27 11.9
Ge Lo 1188.0 | 6.91e+ 3 | 37.21 | 27.49 10.4
Mg Ko 1253.6 | 6.15¢+ 3 | 38.26 | 25.81 9.9
Al Ko 1486.7 | 5.29¢+ 3 | 43.10 | 26.35 8.3
Si- Ka 1740.0-|-3.88¢4 3 | 49.73 | 22.61 71
Zr Lo 20424 | 2.66e+ 3 | 52.54 | 18.16 6.1
Mo Lo 2293.2 | 2.01e+ 3 | 53.62 | 15.42 5.4
Cl Ko 26224 | 145¢+3 | 54.26 | 12.71 4.7
Ag Lo 2984.3 | 1.05e+ 3 | 54.44 | 10.52 4.2
Ca Ka 3691.7 | 6.21e4+2 | 54.12 | 7.67 34
Ti Ko 4510.8 | 3.76e+2 | 53.13 | 5.68 2.7
V Ka 4952.2 | 2.98¢e+2 | 5226 | 4.94 2.5
Cr Ko 5414.7 | 2.38¢+2 | 50.79 | 4.32 2.3
Mn Ko | 5898.8 | 2.0de+2 | 45.65.| 4.03 2.1
Co Ko 6930.3 | 5.66e+2 | 52.11 | 13.13 1.8
Ni Ko 7478.2 | 4.70e+2 | 55.05 | 11.78 1.7
Cu Ko 8047.8 | 3.92¢e+ 2 | 56.48 | 10.56 1.5
Ge Ko 9886.4 | 2.31e+2 | 5840 | 7.66 1.3
Y Ko | 14988.0 | 7.57e+1 | 59.02 | 3.80 0.8
Mo Ko | 17479.0 | 496e+1 | 5887 | 2.90 0.7
Pd Ko | 21177.0 | 291e+1 | 5860 | 2.07 0.6
Sn Ko | 25271.0 | 1.78e+1 | 5830 | 1.51 0.5
Xe Ko | 297790 | 1.13e+1 | 5798 | 1.13 0.4

References: 116, 130, 148.
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- ua(barns/atom) = u(cmz/gm) X 239.52

- E(keV)u(cm?/gm).= fa x 291.72

Line E(eV) |p(cm¥gm)| £ fs 2 (A)
H 102 | 7.25¢+3 | - 2.54 | 1215
He (I) 21.1 | 2.64e+ 4 1.91 | 587.6
Na Lz 305 | 1.09¢+ 5 | 11.38 | 406.5
Mg L23 49.3 | 4.02¢e+ 4 6.80 | 251.5
Al L2ga 72.4 | 2.43e+4 | 1271 | 6.04 | 171.2
Si Las 91.5 | 1.73e+4 | 11.04 | 5.44 | 135.5
Be K 1085 | 1.35e+4 | 487 | 5.02 | 114.3
Sr M¢ 114.0 | 1.82¢e+4 | 018 | 711 | 108.8
Y M¢ 132.8 | 1.03e+ 5 | 10.10 | 46.88 93.4
Zr M(¢ 151.1 | 5.05e+ 4 | 34.36 | 26.16 82.1
B Ko 183.3 | 1.70e+ 4 | 31.97 | 10.70 67.6
Mo M(¢ 192.6 | 1.44e+4 | 3052 | 9.49 64.4
Ar L& 220.1 | 1.08¢e+4 | 27.69 | 8.16 56.3
C  Ke 277.0 | 8.72¢+3 | 25.89 | 8.28 44.8
Ag M¢ 311.7 | 8.40e+3 | 25.62 | 8.98 39.8
N Ko 392.4 | 7.48¢+ 3 | 26.97 | 10.06 31.6
Ti Lo 452.2 | 6.64e+ 3 | 27.63 | 10.290| 27.4
V Lo 511.3 | 5.87e+ 3 | 28.42 | 10.29 24.2
0 Ko 524.9 | 5.71e+ 3 | 28.55 | 10.27 23.6
Cr La 572.8 | 5.17e+ 3 | 28.96 | 10.15 21.6
Mn Lo 637.4 | 451e+3 | 29.36 | 9.85. ( 195
F Ko . 676.8 | 4.08¢+3 | 2935 | 946 18.3
Fe Lo 705.0 | 3.81e+ 3 | 29.21 9.20 17.6
Co La 776.2 | 3.17e+3 | 28.25 | 8.44 16.0
Ni Lo 851.5 | 2.68e+ 3 | 25.85 7.82 14.6
Cu Le 929.7 | 2.29¢+3 | 19.91 | 7.31 133
Zn Lo 1011.7 | 868e+ 3| 17.97 | 30.10 | 12.3
Na Ka 10410 | 8.28¢+3 | 2349 | 2955 | 11.9
Ge La 1188.0 | 6.64e+ 3 | 33.72 | 27.06 10.4
Mg Ko 12536 | 6.11e+4 3 | 35.39 | 26.25 9.9 |
Al Ko 1486.7 | 5.4le+ 3 | 42.08 | 27.58 83
Si- Ko | 1740.0 -} -4.06e+ 3 | 49.35 | 24.21 71
Zr Lo 2042.4 | 2.78e+ 3 | 52.81 | 19.47 6.1
Mo La 22932 | 2.11e+ 3 | 54.16 | 16.55 5.4
Cl Ko 2622.4 | 1.52e+3 | 54.99 | 13.68 4.7
Ag La 2984.3 |'1.11e+ 3 | 55.32 | 11.35 4.2
Ca Ko 3691.7 | 6.56e+2 | 55.18 | 8.31 34
Ti Ko 4510.8 | 3.98¢+2 | 54.38 | 6.16 2.7
V Ko« 4952.2 | 3.15e+2 | 53.67 | 5.35 2.5
Cr Ko 5414.7 | 2.51e+2 | 52.57 | 4.67 2.3
Mn Ko 5898.8 | 2.02¢+4+2 | 50.27.] 4.09 2.1
Co Ko 6930.3 | 5.24e+42 | 51.50 | 12.46 1.8
Ni Ka 7478.2 | 4.93e+ 2 | 54.80 | 12.64 1.7
Cu Ko 8047.8 | 4.11e+ 2 | 56.77 | 11.35 1.5
Ge Ka 9886.4 | 2.43e+2 | 59.19 | 8.24. 1.3
Y Ko | 149880 | 7.97e+1 | 60.05 | 4.09 0.8
Mo Ka | 17479.0 | 5.22e+1 | 59.92 | 3.3 0.7
Pd Ko | 21177.0 | 3.07e+1 | 5966 | 2.23 0.6
Sn Ko | 25271.0 | 1.88¢+1 | 59.37 | 1.63 0.5
Xe Ko | 29779.0 | 1.19e+1 | 59.07 | 1.22 0.4

References: 116, 152.

Neodymium (Nd)

Z =60
Atomic Weight = 144.240
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Edge Energies
Ly 7126.0eV  M; 1575.3eV  N; 319.2 eV®
Ly 6721.5eV My 1402.8eV  Nyjp 243.3 eV
Lip 6207.9eV My 1297.4eV- Ny 224.6 eV
' . My 1003.3eV® Npy 120.5 eV
My 980.4eV® Ny 120.5eV®

91

Or
On

37.5 eV
21.1 eV
Oqr 21.1 eV

£
p:



pa(barns/atom) = p(cm?/gm) x 240.78
E(keV)u(cm?/gm) = f2 x 290.19

N

Line E(eV) {u(cm?gm)| £ f2 X (4)
H 10.2 | 6.35¢+ 3 223 [ 1215
He (II) 21.1 | 3.98¢+ 4 2.80 | 587.6

‘Na L3 30.5 | 1.24e+ 5 13.04 | 406.5
Mg L2s 49.3 | 3.87e+ 4 6.57 | 251.5
Al Lags 724 | 2.29e+4 | 11.95 | 572 | 17T1.2
Si L2 91.5 | 1.71e+4 | 1011 | 5.40{ 1355
Be K 108.5 | 1.28¢e+4 | 5.20 | 4.79 | 114.3
Sr M¢ 114.0 | 1.14e+ 4 | 1.20 { 4.49 | 108.8
Y M¢ 132.8 | 1.15e+5 | 7.98 | 52.65 93.4
Zr M(¢ 151.1.| 5.78¢+4 | 31.10 | 30.08 | 821
B Ka 183.3 | 2.36e+ 4 | 32.44 | 14.88 | 67.6
Mo M¢. 192.6 |.1.98¢+4 | 31.79 | 1313 | 644
Ar L¢ 220.1 | 1.34e+4 | 29.54 | 1017 | 56.3
C Ka 277.0 | 9.82e+3 | 27.02 | 9.38 | 4438
Ag M¢ 311.7 | 9.47¢+ 3 | 26.71 | 1017 | 398
N Ko« 392.4 | 849+ 3 | 28.42 | 11.47 31.6
Ti Lo 452.2 | 7.08e+3 | 29.46 | 11.03 | 27.4
V La 511.3 | 6.17e+ 3 | 30.21 | 10.86 24.2
0 Ko 524.9 | 5.96e+ 3 | 30.38 | 1077 | 236
Cr Lo 572.8 | 5.26e+ 3 | 30.80 | 10.39 | 21.6
Mn Lo '637.4 | 4.49¢+ 3 | 31.00 | 9.87 19.5
F Ko 676.8 | 4.08¢+3 | 30.92 | 9.52 18.3
Fe Lo 705.0 | 384e+3 | 30.78 | 933 | 176
Co La 776.2 | 3.28¢+ 3 | 30.12 | 8.78 16.0
Ni Lo 851.5 | 2.79¢+ 3 | 28.58 | 8.20 14.6
Cu Lo 929.7 | 2.3%e+3 | 25.33 ] 766 | 133
Zn Lo 1011.7 | 2.05e+3 | 11.91 | 7.14 | 123
Na Ko 1041.0 { 7.91e+ 3 | 12.47 | 28.39 11.9
Ge Lo 1188.0 | 7.0le+ 3 | 30.69 | 28.71 10.4
Mg Ko 12536 | 6.68e+3 | 3381 | 2884 | 9.9
Al Ko 1486.7 | 5.65e+ 3 | 43.12 | 28.96 83"
Si- Ko | 1740.0-|-417e+ 3 | 50.01 | 25.01 7.1
Zr Lo 2042.4 | 2.87¢+ 3 | 53.71 | 20.22 6.1
Mo La 2293.2 | 2.18¢+ 3 | 55.20 | 17.23 5.4
Cl Ko 2622.4 | 1.58e+ 3 | 56.15 | 14.24 4.7
Ag Lo 2984.3 | 1.15¢+ 3 | 56.56 | 11.81 4.2
Ca Ka 3691.7 | 6.79¢+ 2 | 56.52 | 8.64 34
Ti Ko 4510.8 | 4.11e+ 2 | 55.83 | 640 | 2.7
V Ko 4952.2 | 3.25e+ 2 | 55.24 | 5.55 2.5
Cr Ka 5414.7 | 2.60e+ 2 | 54.38 | 4.84 2.3
Mn Ko 5898.8 | 2.09¢+ 2 | 52.90 | 4.25 2.1
Co Ko 6930.3 | 4.08¢+2 | 5048 | 9.75 1.8
Ni K« 7478.2 | 5.1le+ 2 | 53.59 | 13.16 1.7
Cu Ko 8047.8 }| 4.25e+ 2 | 57.16 | 11.78 1.5
Ge Ko 9886.4 | 2.48¢+ 2 | 60.07 | 8.44 1.3
Y Ko | 14988.0 | 8.04e+1 | 60.96 4.15 0.8
Mo Ko | 17479.0 | 5.30e+1 | 60.85 | 3.19 0.7
Pd Ko | 21177.0 | 315e¢+1 | 6062 | 2.30 0.6
Sn Ko | 25271.0 | 1.94e+1 | 60.35 | 1.69 0.5
Xe Ko | 29779.0 | 1.24¢e+1 | 60.07 | 1.27 0.4
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Promethium (Pm)
Z =61
Atomic Weight = 145.000
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po(barns/atom) = p(cm?/gm) x 249.67

E(keV)u(cm?/gm) = f2 x 279.87 o
Line E(eV) |u(cm?/gm) fi fa 2 (A)
H 10.2 | 5.4le+ 3 1.97 | 1215
He (ID) 21.1 | 2.09+4 1.57 | 587.6
Na L2 305 | 1.07e+5 11.62 | 406.5
Mg Lo 49.3 | 4.48e+ 4 7.89 | 251.5
Al L2gs 72.4 | 294e+4 | 1056 | 7.60 | 171.2.
Si Lo 91.5 | 2.11e+4 9.97 | 6.90 | 1355
Be K 108.5 | 1.42¢e+4 761 ) 549 | 1143
Sr M¢ 114.0 | 1.08¢+ 4 498 | 4.39 | 1088
Y M¢ 132.8 | 8.87e+ 4 | -21.92 | 42.09 93.4
Zr M¢ 151.1 | 5.69e+4 | 23.82 | 30.74 82.1
B Ko 183.3 | 2.70e+ 4 | 27.61 | 17.68 | 67.6
Mo M(¢ 192.6 | 2.34e4+4 | 27.46 | 16.08 | 64.4
Ar L¢ 220.1 | 1.67e+4 | 2658 | 1313 | 56.3
C Ko 277.0 | 1.22e+4 | 25.65 | 12.08 44.8
Ag M¢ 311.7 | 1.10e+4 | 25.58 | 12.22 39.8
N Ko 392.4 | 9.39e+3 | 27.59 | 13.16 31.6
Ti Lo« 452.2 | 7.71e4+ 3 | 29.00 | 12.45 27.4
V La 511.3 | 6.53e+3 | 29.74 | 11.92 24.2
0 Ko 5249 | 6.30e+3 | 29.89 | 11.81 23.6
Cr La 572.8 | 5.55e+3 | 30.32 | 11.36 | 21.6
Mn Lo 637.4 | 4.72¢+3 | 30.58 | 10.76 | 19.5
F Ko’ 676.8 | 4.29¢+3 | 30.55 | 10.37 18.3
"Fe La 705.0 { 4.03e+3 | 30.46 | 10.15 17.6
Co Lo 776.2 | 3.44e+3 | 29.98 | 955 | 16.0
Ni Lo - 851.5 | 293e+3 | 2882 | 892 | 146
Cu Lo . 929.7 | 2.51e+3 | 26.56 | 8.33 13.3
Zn Lo 10117 | 214e+3 | 2148 | 7.75 12.3
Na Ko 1041.0 | 2.03e+3 | 17.49 | 7.56 11.9
| Ge La 1188.0 | 7.43e+3 | 25.88 | 31.54 10.4
Mg Ko 1253.6 | 7.03¢e+3 | 30.41 | 31.49 9.9
Al Ko 1486.7 | 5.84e+3 | 40.74 | 31.02 83
Si- Ka | 1740.0-| 4.57e+3 | 48.50 | 28.40 7.1
Zr Lo 20424 | 3.16e+3 | 53.78 | 23.06 6.1
Mo La 2293.2 | 2.40e+3 | 55.71 | 19.67 5.4
Cl Ko 2622.4 | 1.74e4+ 3 | 56.98 | 16.27 4.7
Ag Lo 2984.3 | 1.27e+3 | 57.57 | 1350 | 4.2
Ca Ko 3691.7 | 7.48¢e+2 | 57.69 | 9.87 3.4
Ti Ko 4510.8 | 4.53e+2 | 57.10 | 7.31 2.7
V Ko 4952.2 | 3.58¢+2 | 56.58 | 6.34 2.5
Cr Ko 5414.7 | 2.86e+2 | 55.83 | 5.53 2.3
Mn Ka 5898.8 | 2.30e+4+2 | 5469 | 4.85 2.1
Co Ko 6930.3 | 4.37e+2 | 51.23 | 10.82 1.8
Ni Ko 7478.2 | 4.77e+2 | 53.35 | 12.74 1.7
Cu K« 8047.8 | 4.58¢+2 | 56.73 | 1316 | 1.5
Ge Ko 9886.4 | 2.69¢+2 | 61.40 | 9.49 1.3
Y Ko | 14988.0 | 841e+1 | 62.09 | 4.50 0.8
Mo Ko | 17479.0 | 5.52¢+1 | 6198 | 3.45 0.7
Pd Ko | 211770 | 3.26e+1 | 61.73 | 2.46 0.6
Sn Ko | 25271.0 { 1.99¢e+1 | 61.44 | 1.80 0.5
Xe Ko | 29779.0 | '1.26e+1 | 61.15| 135 | 04

References: 116, 148, 152.

Samarium (Sm)

Z = 62
Atomic Weight = 150.350
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#a(barﬁs/a@m) = pu(cm?/gm) x 252.34
E(keV)u(cm?/gm) = f2 x 276.90

Line E(eV) |u(cm?/ gm) f1 . f2 2 (A)
H . 10.2 5.35e¢+ 3 1.97 1215
He (I) 21.1 | 1.62e+ 4 1.23 | s87.6
Na Lo 30.5 1.48¢+ 5 16.26 406.5
Mg L2 49.3 | 4.70e+ 4 8.36 251.5
Al L2 72.4 | 2.86e+4 4 11.25 7.49 171.2
Si Lags 91.5 2.22e+4+ 4 11.25 7.35 135.5
Be K 108.5 1.6le+ 4 9.96 6.33 114.3
Sr M(¢ 114.0 | 1.34e+ 4 8.69 5.53 108.8
Y M¢ 132.8 | 1.31e+4+ 4 | -19.41 6.30 93.4
Zr M(¢ 151.1 4.7le+ 4 23.31 ] 25.71 82.1
B Ko 183.3 | 2.75e¢+ 4 24.95 | 18.23 67.6
Mo M(¢ 192.6 | 2.44e+ 4 25.51 | 16.98 64.4
Ar LZ¢ 220.1 1.76e+ 4 25.76 | 13.96 56.3
C Ko 277.0 | 1.24e+4 4 25.28 | 12.37 44.8
Ag M¢ 311.7 | 1.10e+ 4 25.33 | 12.36 39.8
N Ko 392.4 | 9.54e4+ 3 26.96 | 13.52 31.6
Ti Lo 452.2 | 8.05¢+ 3 2854 } 1315 | 27.4
V Lo 511.3 | 6.86e+ 3 29.52 | 12.66 24.2
O Ka 5249 | 6.62¢+4 3 29.71 } 12.55 23.6
Cr Lo 572.8 | 5.83e+ 3 30.24 | 12.07 21.6
Mn Lo 637.4 | 4.96e+ 3 30.59 | 11.42 19.5
F K« 676.8 | 4.50e+ 3 30.59 | 10.99 18.3
Fe Lo 705.0 | 4.23e+ 3 30.51 | 10.77 17.6
Co Lo 776.2. | 3.6le4+ 3 30.06 | 10.13 16.0
Ni Lo 851.5 | 3.08¢+ 3 28.93 9.47 14.6
Cu Lo 929.7 | 2.63e+ 3 26.77 8.83 13.3
Zn Lo 1011.7 | 2.25e+4 3 22.38 8.22 12.3
Na Ko 1041.0 | 2.13e+ 3 19.64 8.02 11.8
Ge Lo 1188.0 | 1.0le+ 4 21.77 | 43.45 10.4
Mg Ko 1253.6 | 8.90e+ 3 32.24 | 40.30 9.9
Al Ko 1486.7 | 5.92¢e+ 3 45.35 | 31.81 8.3
Si. Ko - 1740.0 -} 4.41e+4 3 50.57 | 27.74 7.1
Zr Lo 2042.4 | 3.15¢+ 3 55.22 | 23.26 6.1
Mo Lo 2293.2 2.3%+ 3 57.05 | 19.83 | 5.4
Cl Ka 2622.4 | 1.73e+ 3 58.25 | 16.40 4.7
Ag Lo 2984.3 | 1.26e+ 3 58.80 | 13.62 4.2
Ca Ko 3691.7 | T.49e+ 2 58.92 9.98 3.4
Ti Ko 4510.8 | 4.55¢+ 2 | 58.39 741 2.7
V Ko 4952.2 | 3.60e+ 2 57.94 6.44 2.5
Cr Ko 5414.7 | 2.87e+ 2 57.33 5.62 2.3
Mn Ko 5898.8 | 2.3le+ 2 56.45 |- 4.93 21
Co Ko 6930.3 | 1.69e¢4+ 2 48.04 4.24 1.8
Ni Ko 74782 | 3.54e+ 2 53.26 9.57 1.7
Cu Ko 8047.8 | 4.3%9e+ 2 55.89 | 12.76 1.5
Ge Ko 9886.4 | 2.71le 42 61.46 9.66 1.3
Y Ka 14988.0 | 8.83e+41 '62.96 4.78 0.8
Mo Ko 17479.0 | 5.82e+41 62.91 3.67 0.7
Pd Ko 21177.0 | 3.44e+1 62.70 2.63 0.6
Sn Ko 25271.0 | 2.11e+1 62.44 |. 1.93 0.5
Xe Ka 29779.0 | 1.34e+1 62.17 1.44 0.4

References: 116.

Europium (Eu)

Z=63
Atomic Weight = 151.960
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Edge Energies
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- : : Gadolinium (Gd) -
pa(barns/atom) = pu(cm?/gm) x 261.12 Z-=-64

E(keV)u(cm?/gm) = f2 x 267.59 o _ Atomic Weight = 157.250
Line E(eV) {u(cm?/gm) f f2 X (A) Q
H 10.2 | 5.04e+ 4 19.23 | 1215 o
He (ID o211 | 221e+4 | 1.75 | 587.6 © S
Na Lo 305 | 1.04e+5 11.90 | 406.5 o y
Mg Lo 49.3 | 3.95¢+ 4 ' 7:27 | 251.5 o /
Al Logs '72.4 | 262e+4 | 1054 | 7.09 { 1712 Q
Si Laga 915 | 2.22¢e4+4 | 1053 | 7.58 | 135.5 - o 4 L
Be K 108.5. | 1.92e+ 4 9.97 | 7.80 | 114.3 ™ A1
Sr M¢ 1140 | 1.81e4+4 | 961 | 7.70 | 108.8 8'
Y M¢ 132.8 | 1.1le+ 4 250 | 553 | 934 )
Zr M¢ | 1511 | 915e+4 | 2317 | 51.65 | 821 e
B Ko 183.3 | 2.64e+4 | 24.01 | 1811 67.6 o \
Mo M¢ |- 1926 | 2.36e+4 | 24.25 | 16.99 64.4 10 100 1000 10000
Ar L¢ 220.1 | 1.84e+4 | 24.52 | 15.16 56.3
C Ko 277.0 | 1.31e+4 | 25.62 | 13.55 44.8 8
Ag M¢ 311.7 | 1.12e4+4 | 2591 | 1310 [ 39.8 o
N Ko 392.4 | 9.00e+3 | 27.31 | 1319 | 31.6
Ti Lo 452.2 | 7.70e+3 | 28.30 | 1301 | 27.4
V Lo 511.3 | 6.80e+3 | 29.39 | 12.99 24.2.
O Ko |. 5249 | 6.57e+3 | 29.62 | 12.89 | 236 : o
Cr La 572.8 | 5.87e+3 | 30.32 | 12.56 | 21.6 A
Mn Lo 637.4 | 5.01e+3 | 30.96 | 11.94 19.5
F Ko ' 676.8 | 4.55e+3 | 31.12 | 11.51 18.3
Fe Lo 705.0 | 4.28¢+3 | 31.16 | 11.27 17.6
Co La . 776.2 | 3.66e+3 | 31.05 | 10.61 16.0
Ni Lo 851.5 | 3.12¢+3 | 3043 | 9.92 14.6 -
Cu Lo 929.7 | 2.67e+3 | 2913 | 928 | 133
Zn Lo 1011.7 | 2.29¢+3 | 26.67 | 866 | 12.3
Na Ko 1041.0 | 2.17e+3 | 25.31 8.44 11.9 o
Ge La 1188.0 | 1.72e+3 | -11.57 | 7.64 10.4 DA
Mg Ka | 1253.6 | 84le+3 | 22.76 | 39.42 9.9 -
Al Ko 1486.7 | 5.63e+3 | 39.43 | 31.27 8.3 "E~ -
18i- Ko | 1740.0-| 4.82e4+ 3 | .47.49 | 31.37 71 S
Zr Lo 2042.4 | 3.45¢+ 3 | 53.84 | 26.35 6.1 o= =
Mo Lo 2293.2 |'2.62e+ 3 | 56.52 | 22.45 5.4 £
Cl Ka 26224 | 1.90e+ 3 | 5826 | 18.59 4.7 - Q%
Ag Lo 2984.3 | 1.39¢4.3 | 59.14 | 15.46 4.2 3
Ca Ko 3691.7 | 8.23e+2 | 59.57 | 11.36 3.4 i
Ti Ko« 45108 | 5.01e+2 | 59.22 | 845 2.7 = S2ii FEEHE—N
V Ko 49522 | 397e+2 | 5883 7.35 | 25 SR 0 1 A 1 1
Cr Ko 5414.7 | 3.17e+2 | 5830 [ 642 | 23 T o 100 1000 10000
Mn Ko 5898.8 | 2.55e+2 | 57.54 | 5.63 2.1 .
Co Ka 6930.3 | 1.69e+2 | 53.89 | 4.37 1.8 o - E (eV)
Ni Ko 74782 | 3.89e+2 | 53.06 | 1088 | 1.7 :
Cu Ko 8047.8 | 398+ 2 | 54.47 | 11.96 1.5
Ge Ko 9886.4 | 2.96e+2 | 61.65 11093 | 1.3
Y Ko [ 149880 | 9.88e+1 | 6404 | 5.54 0.8 : Edge Energies :
Mo Ko | 17479.0 | 6.52e+1 | 64.05 | 4.26 07 | L; 8375.6eV M; 1880.8eV . Ny 38786eV: . Op 435 eV®
Pd Ko | 21177.0 | 3.86e+1 | 63.87 | 3.05 06 | Ly 7930.3eV My 16883e¢V Ny 2885eV  Opp  20..eV
Sn Ko 25271.0 2.37e+1 63.62 2.24 | 0.5 Ly 7242.8 eV Miyyy 1544.0 eV Nip 270.9 eV O11;  20. eV
Xe Ko |} 29779.0 | 1.51e+1 | 63.35 | 1.68 0.4 Mpy 1221.9 eV® Npy 140.5 eV
) My 1189.6 eV® Ny. 142.6 eV®

References: 116, 130, 152, 221, 222.
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ta(barns/atom) = u(cm?/ gm) X 263.90

- E(keV)u(cm?/gm) = f2 X 264.77
Line E(eV) |u(cm®/gm)| £ f X (A)
H 102 | 4.36e+ 3 1.68 | 1215
He (I) 21.1 | 944e+3 0.75 | 587.6
Na Lz3s 30.5 | 8.18e+ 4 9.42 | 406.5
Mg La;s 49.3 | 5.09e+ 4 9.48 | 251.5
Al Laga 72.4 | 3.07e+4 | 12.28 | 840 | 171.2
Si Loga 91.5 | 2.51e+4 | 12.29 | 867 | 1355
Be K 108:5 | 2.19e+4 | 12.62 | 8.98 | 114.3
Sr M( - 114.0 | 2.03e+4 | 12.43 | 8.74 | 1088
Y M¢ 132.8 | 1.36e+4 | 889 | 682 | 934
Zr M(¢ 151.1 | 7.02e+4 | 2.97 | 4008 | 82.1
B Ka 183.3 | 2.86e+4 | 23.54 | 19.83 | 67.6
‘Mo M¢ | 1926 | 2.55e+4 | 24.09 | 1859 | 644
Ar L¢ 220.1 | 1.97e+ 4 | 24.99 | 16.40 | 563
C Ko 277.0 | 1.48¢+4 | 26.08 | 15.48 | 448
Ag M(¢ 311.7 { 1.32¢+ 4 | 27.18 | 15.60 | 39.8
N Ke 392.4 | 1.05e+4 | 29.59 | 15.49 | 31.6
Ti Lo 452.2 | 8.86e+ 3 | 31.15 | 15.13 | 27.4
V La 511.3 | 7.66e+ 3 | 32.48 | 14.80 | 242
0 Ka 524.9 | 7.41e4+3 | 32.77 | 1469 | 236
Cr Lo 572.8 | 6.60e+ 3 | 33.68 | 14.28 | 21.6
Mn Lo 637.4 | 5.58¢+3 | 3469 | 1343 | 195
F Ko 676.8 | 5.04e+ 3 | 35.01 | 12.90 | 183
Fe La 705.0 | 4.71e+ 3 | 35.15 | 12.54 | 17.6
Co La 776.2 | 3.99e+3 | 35.27 | 11.71 | 16.0
Ni La 851.5 | 3.39¢+3 | 3497 | 1091 | 14.6
Cu La © 929.7 | 2.89¢+3 | 3419 | 1016 | 13.3
Zn Lo 1011.7 | 2.47e+3 | 32.64 | 9.45 | 123
Na Ka 1041.0 | 2.34e+3 | 31.83 | 920 | 119
Ge Lo 1188.0 | 1.81e+3 [ 21.51 | 813 | 104
Mg Ka 1253.6 | 8.24e+3 | 829 | 39.02 9.9
Al Ko 1486.7 | 5.43e+3 | 41.60 | 30.52 8.3
1Si- Ke 1740.0- |- 4.45e+ 3 | 47.62 | 29.23 7.1
Zr Lo 2042.4 | 3.33e4+ 3 | 54.44 | 25.66 6.1
Mo La 2293.2 | 2.53e+3 | 57.50 | 21.92 5.4
Cl Ko 2622.4 | 1.83e+3 | 59.42 | 1817 4.7
Ag La 2984.3 | 1.34e+3 | 60.40 | 15.09 4.2
Ca Ko 3691.7 | 7.93e+2 | 60.94 | 11.05 3.4
Ti Ke 4510.8 | 4.81e+2 | 60.68 | 8.20 2.7
V Ka 4952.2 | 3.81e+2 | 60.37 | 7.12 25
Cr Ko 5414.7 | 3.04e+2 | 59.93 | 6.22 2.3
Mn Ko 5898.8 | 2.45e+2 | 59.34 | 5.46 2.1
Co Ka 6930.3 | 1.63e+2 | 57.06 | 4.26 1.8
Ni Ko 7478.2 | 1.34e+ 2 | 51.01 | 3.78 1.7
Cu Ko 8047.8 | 3.03e+2 | 55.56 | 9.20 1.5
Ge Ko 9886.4 | 2.82¢+2 | 62.05 | 10.55 13"
Y Ko | 14988.0 | 9.54e+1 | 64.80 | 5.40 0.8
Mo Ko | 17479.0 | 6.30e+1 | 64.87.| 4.16 0.7
Pd Ko | 21177.0 | 3.74e+1 | 64.74 | 299 0.6
Sn Ka | 25271.0 | 2.30e+1 | 64.51 | 2.20 0.5
Xe Ko | 20779.0 | 1.46e+1 | 6425 | 1.65 0.4

References: 168.

Terbium (Tb)
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a(barns/atom) = u(cm?/gm) x 269.84
E(keV)u(cm?/gm) = f2 x 258.94

Line E(eV) |u(cm¥gm)| £ f2 A (A)
H 10.2 | 4.15¢+ 3 1.63 | 1215
He (I0) 211 | 9.26e+ 3 0.75 | 587.6
Na Lz, 30.5 | 1.10e+ 5 12.98 | 406.5
Mg Lo,3 1493 | 5.71e+ 4 10.87 | 251.5
Al Lgs 724 | 3.43e+4 | 1064 | 958 | 171.2
Si Lags 91.5 | 2.94e+4 | 11.25 | 10.38.| 135.5
Be K 108.5 | 2.60e+4 | 11.90 | 10.88 | 114.3
Sr M¢ 114.0 | 2.42e+4 | 12.19 { 10.66 | 108.8
Y M¢ 132.8 | 1.81e4+ 4 | 10.04 | 9.227 93.4
Zr M( 151.1 | 4.39e+ 4 | -14.21 | 25.61 82.1
B Ka 183.3 | 3.05e+4 | 22.01 | 21.62 67.6
Mo M(¢ 192.6 | 2.75e+ 4 | 22.58 | 20.49. | 64.4
Ar L¢ 220.1 | 2.20e+ 4 | 24.52 | 18.72 56.3
C Ka 277.0 | 1.57e+4 | 25.74 | 16.81 44.8
Ag M¢ 311.7 | 1.4le+4 | 2661 | 16.98 | 39.8 .
N Ko« 392.4 | 1.14e+4 | 29.60 | 17.33 | 31.6
Ti Lo 452.2 | 9.66e+3 | 31.87 | 16.87 27.4
V La | 511.3 | 815e+3 | 3336 | 1609 | 24.2
0O Ko 524.9 | 7.85e+3 | 33.65 | 15.92 23.6
Cr La 572.8 | 6.95¢+ 3 | 34.57 | 15.38 21.6
Mn Lo 637.4 | 5.87e+3 | 3564 | 1445 | 195
F Ko 676.8 | 5.31e+3 | 36.01 | 13.87 | 18.3
Fe Lo 705.0 | 4.96e+3 | 3619 | 13.49 17.6
Co La 776.2 | 4.22¢e+3 | 36.45 | 12.64 16.0
Ni Lo 851.5 | 3.57e+3 | 36.38 | 11.74 14.6
Cu Lo 929.7 | 3.04e+3 | 35.85 | 1091 13.3
Zn Lo 1011.7 | 2.59e+ 3 | 34.72 | 10.12 12.3
Na Ko 1041.0 | 2.45¢+3 | 3413 | 9585 11.9
Ge Lo 1188.0 | 1.89e+3 | 27.99 | 8.67 10.4
Mg Ko 1253.6 | 1.70e+ 3 | 19.01 | 8.23 9.9
Al Ko 1486.7 | 5.66e+ 3 | 4027 | 32.52 8.3
Si- Ko | 1740.0-| 4.52¢+ 3 | 47.01 | 30.40 7.1
Zr Lo 2042.4 | 3.35¢+3 | 53.74 | 26.39 6.1
Mo La 22932 | 2.63e+ 3 | .57.68 { 23.29 5.4
Cl Ko 2622.4 | 1.91e+ 3 | 60.02 | 19.35 4.7
Ag Lo 2984.3 | 1.40e+4+ 3 | 61.24 | 16.09 4.2
Ca Ka 3691.7 | 8.25e+2 | 61.99 | 11.77 3.4
Ti Ko 45108 | 5.00e+2 | 61.82 | 871 2.7
V. Ko« 4952.2 | 3.95¢+2 | 61.54 | 7.56 2.5

"Cr Ko 5414.7 | 3.15e+2 | 61.15 | 6.59 2.3
| Mn Ko 5898.8 | 2.54e+2 | 60.63 | 5.78 2.1
Co Ka 6930.3 | 1.69e+2 | 5883 | 4.52 1.8
Ni Ko 74782 | 1.3%¢+2 | 56.54 |  4.01 1.7
Cu Ke 8047.8 | 3.19e+2 | 55.88 | 9.92 1.5
Ge Ko 9886.4 | 2.93¢+2 | 62.33 | 11.20 1.3
Y Ko | 149880 [ 9.88¢+1 | 6573 | 5.72 0.8
Mo Ko | 17479.0 | 6.53e+1 | 65.85 | 4.41- 0.7
Pd Ko | 21177.0 | 3.88¢+1 | 65.74 | 3.18 0.6
Sn Ko | 25271.0 | 2.40e+1 | 65.53 | 2.34 0.5
Xe Ka | 29779.0 | 1.53¢+1 | 65.28 { 1.76 0.4

References: 116, 222. -
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pa(barns/atom) = u(cm?/gm) x 273.88
E(keV)u(cm?/gm) = f2 x 255.13

Line E(eV) |p(cm?gm)} h f2 X (4)

H 10.2 4.32¢e4 3 1.73 | .1215
He (I) 211 | 815e+3 0.67 | 587.6
Na Lag 30.5 | 7.19e+ 4 8.60 | 406.5
Mg Las 49.3 5.60e+4 4 10.82 251.5
Al L23 72.4 | 3.25e+ 4 | 10.32 9.23 v 171.2
Si L23 91.5 2.71e+ 4 | 10.65 9.73 135.5
Be K 108.5 2.40e+ 4 | 11.07 | 10.19 114.3
1 Sr M(¢ 114.0 | 2.30e+ 4 | 11.19 | 10.26 108.8
Y M¢- 132.8 1.82¢e+ 4 | 10.46 9.48 93.4
Zr M(¢ 151.1 1.13e+ 4 -3.06 6.69 82.1
"B Ka 183.3 | 2.89¢+ 4 | 19.82 | 20.80 67.6
Mo M(¢ 192.6 | 2.63e+4 | 20.45 | 19.83 64.4
‘Ar L«£ 220.1 2.18¢+ 4 | 21.78 | 18.77 56.3
C Ko 277.0 | 1.59¢+4 | 24.39 | 17.30 44.8
Ag M¢ 311.7 | 14le+ 4 | 25.31 | 17.20 39.8
N Ka 392.4 1.15e+4 | 27.90 | 17.65 31.6
Ti Lo 452.2 9.98¢4 3 | 30.02 | 17.69 27.4
V Lo 511.3 | 8.64e+ 3 | 31.93 | 17.31 24.2
0 Ka 524.9 | 837e+3 ) 32.33 | 17.22 23.6
Cr Lo 572.8 7.37e+ 3 | 33.79 | 16.55 21.6
Mn Lo 637.4 6.19e+ 3 | 34.92 | 15.46 19.5
F K« 676.8 5.60e+4 3 | 35.36 | 14.85 18.3
Fe Lo 705.0 | 5.25¢+ 3 | 35.62 | 14.50 17.6
Co La 776.2 4.44e+ 3 | 36.09 | 13.51 16.0
Ni Lo 851.5 3.76e+ 3 36.13 12.54 14.6
Cu Lo 929.7 | 3.20e+ 3 | 35.78 | 11.66 13.3
Zn Lo 1011.7 2.73e+ 3 | 34.92 | 10.81. 12.3
Na Ko 1041.0 | 2.58¢ 4 3 | 34.47 | 10.52 11.9
Ge Lo 1188.0 | 1.98¢+4 3 | 30.13 923 10.4
Mg Ko 1253.6 { 1.78¢+4 3 | 25.86 8.75° , 9.9
Al Ko 1486.7 6.34e+4 3 | 35.34 | 36.95 8.3
Si- Ka 1740.0-| -4.53e4 3 | 43.85 | 30.88 71
Zr Lo 2042.4 3.65e+ 3 | 53.32 | 29.24 6.1
Mo Lo 2293.2 2.90e+ 3 | 57.42 | 26.06 5.4
Cl Ka 2622.4 2.11e+4 3 { 60.41 | 21.72 4.7
Ag Lo 2984.3 1.55¢e4 3 | 61.99 | 18.10 4.2
Ca Ko 3691.7 | 9.16e+ 2 | 63.07 | 13.26 3.4
Ti Ka 4510.8 5.55e+ 2 | 63.06 9.82 2.7
V' Ko 4952.2 439% + 2 | 62.83 8.52 2.5
Cr Ka 5414.7 | 3.50e+4 2 | 62.48 7.43 2.3
- Mn Ko 5898.8 2.82e+4 2 § 62.01 6.51 2.1
Co Ka 6930.3 1.87¢+ 2 | 60.49 5.07 1.8
Ni Ko 7478.2 1.54e4 2 | 58.95 4.50 1.7
Cu Ko 8047.8 2.60e 4 2 54.16 8.21 1.5
Ge Ko 9886.4 3.17e+ 2 | 62.96 | 12.29 1.3
Y Ka 14988.0 1.04e+2 | 66.72 6.09 0.8
Mo Ko 17479.0 6.86e4 1 | 66.88 4.70 0.7
Pd Ko« 21177.0 4.08¢+1 | 66.79 3.38 0.6
Sn Ko 25271.0 | 2.51e+1 | 66.58 2.49 0.5
Xe Ko 29779.0 1.60e+1 | 66.32 1.87 04

References: 116, 152.

L1
Ly
L

98

Holmium (Ho)
Z=67
Atomic Weight = 164.930

(@]
~
o P
©
2 Al
[Te]
e
- Bk
ha (o] A,‘ ~\]
o aflliy
(=]
o |
O - .
10 100 1000 10000
o
e
N
~Q N b NUUA,
Y > N A
HET
\
{
] N
10 100 1000 10000
=
=
£ -
2%
o~
E L)
Le
Sk
®
©
10 100 1000 10000
E (eV)
Edge Energies
9394.2 eV My 2128.3eV N 4324eV® 01 49.3eV°
8917.8 eV Mpr 1922.8 eV Ny 3435 eV O3 30.8 eV®
8071.1 eV Miyyp 1741.2 eV Nyiz 308.2 eV®  Ojgpp 24.1 eV®
My 1391.5 eV Nyv 160. eV*®
My 1351.4eV Ny  160. eV*®



ua(bams/aton;) = p(cm?/gm) x 277.75 |

E(keV)p(cm?/gm) = f2 x 251.57

Line E(eV) |u(cm?/gm)| £ f A (R)
H 10.2 | 4.61e+3 187 | 1215
He (II) 21.1 | 811le+3 0.68 | 587.6
Na Ly 30.5 | 1.12¢45 13.64 | 406.5
Mg Las 49.3 | 502+ 4 9.83 | 251.5
Al Lags 724 | 3.29e+4 | 1002 { 948 | 171.2
Si Logs 91.5 | 2.79¢+4 | 11.00 | 10.14 | 1355
Be K 108.5 | 2.51e+4 | 11.01 | 10.83 | 114.3
| sr M¢ 114.0 | 247e+4 | 11.15 | 11.20 | 108.8
Y M¢ 132.8 | 2.30e+4 | 11.59 | 12.16 | 934
Zr M(¢ 151.1 | 166e+4 | 931 | 999 | 821
B Ko 1833 | 2:79e+4 | 17.38 | 2031 { 676
Mo M(¢ 192.6 | 26le+4 | 1827 | 19.96 | 64.4
Ar L¢ 220.1 | 2.23e+4 | 20.37 | 19.55 | 56.3
C Ka 277.0 | 1.74e4+4 | 2364 | 1911 | 448
Ag M¢ 311.7 | 1.59e+4 | 25.15 | 19.71 | 39.8
N Ko 3924 | 1.2de+4 | 29.20 | 1935 | 31.6
Ti Lo 452.2. | 1.07e+4 | 3140 | 1917 | 274
V Lo 511.3 | 9.16e+3 | 33.59 | 18.62 | 24.2
0 Ko« 524.9 | 884e+3 | 34.00 | 18.45 | 23.6
Cr Lo 572.8 | 7.82¢e+3 | 3537 | 17.81 | 216
Mn Lo 6374 | 6.61e+3 | 3677 | 16.74 | 19.5
F Ko 676.8 | 5.95e+3 | 37.34 | 16.02 | 183
Fe Lo 705.0 | 5.58¢+3 | 37.66 | 1563 | 17.6
Co Lo 776.2 | 4.72¢+3 | 38.30 | 14.57 | 16.0
Ni Lo 851.5 | 4.00e+ 3 | 38.56 | 13.53'| 14.6
Cu Lo 929.7 | 3.40e+3 | 38.47 | 12.57 | 13.3
Zn La 1011.7 | 2.90e+3 | 37.99 | 11.65 | 123
Na Ko 1041.0 | 2.74e+3 | 37.70 | 11.33 | 11.9
Ge La 1188.0 | 2.10e+3 | 34.83 | 991 | 104
Mg Ko 1253.6 | 1.88¢+3 | 32.34 | 9.38 9.9
Al Ka 1486.7 | 6.36e+ 3 | 30.86 | 37.59 8.3
Si Ko 1740.0 | "4.34e + 3 | -45.56 | 30.01 71
Zr Lo 20424 | 3.66e+3 | 52.55 | 29.71 6.1
Mo Lo | 22932 | 290e+3 | 57.41 | 26.41 5.4
Cl Ke 26224 | 2.11e+3 | 60.89 | 22.01 47
Ag Lo 29843 | 1.55e+3 | 62.65 | 18.35 42
Ca Ko 3691.7 | 9.19e+2 | 63.90 | 13.49 34
Ti Ka 45108 | 5.59e¢+2 | 64.03 | 10.03 2.7
V Ke 49522 | 4.43e+2 | 63.85 | 8.71 2.5
Cr Ko 5414.7 | 3.54e+2 | 63.57 | 7.61 2.3
Mn Ko 58088 | 2.85¢e+2 | 63.18 | 667 21
Co Ka 6930.3 | 1.89e+4+2 | 61.95 | 5.20 1.8
Ni Ko 74782 | 1.55¢e+2 | 60.85 | 4.61 1.7
Cu Ko 8047.8 | 1.28¢+2 | 58.42 | 4.10 1.5
Ge Ko | 98864 | 3.18¢+4 2 | 61.67 | 12.48 13
Y Ko | 14988.0 | 1.09e+2 | 67.52 | 647 08
Mo Ko | 17479.0 | 721e+1 | 67.79 | 5.01 0.7
Pd Ka | 211770 | 4.29¢+1 | 67.77 | 3.61 0.6
'Sn Ko | 25271.0 | 264e+1 | 67.59 | 2.65 0.5
Xe Ka | 29779.0 | 1.68e+1 | 67.35 | 1.99 0.4

References: 116, 130.
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fa(barns/atom) = u(cm2/g;n) x 280.53
E(keV)u(cm?/gm) = f2 x 249.08

Line E(eV) |[p(cmP/gm)| £ f2 A (4)
H 10.2 | 4.51e+ 3 185 | 1215
He (ID 211 | 7.77e+ 3 0.66 | 587.6
Na L2 305 | 6.94e+ 4 8.50 | 406.5
Mg Lo 49.3 | 4.99e+ 4 9.88 | 251.5
Al L2gs 72.4 | 321e+4 | 974 | 932 | 171.2
Si Lags 91.5 | 2.82¢e+4 | 10.27 | 10.37 | 135.5
Be K 108.5 | 2.6le+ 4. | 11.06 | 11.35 | 114.3
Sr M¢ 114.0 | 2.60e+4 | 11.21 | 11.89 | 108.8
Y M¢ 132.8 | 2.39e+ 4 | 12.48 | 12.76 | 93.4
Zr M¢ 151.1 | 2.11e+ 4 | 13.44 | 12.80 82.1
B Ko 183.3 | 3.00e+ 4 | 18.49 | 22.06 67.6
Mo M(¢ .192.6 | 2.43e+ 4 | 18.31 | 18.78 64.4
Ar L« 220.1 | 2.08¢+ 4 | 18.97 | 18.38 56.3
C Ka 2770 | 1.71e+ 4 | 22.70 | 19.01 44.8
Ag M¢ 311.7 | 1.50e+ 4 | 24.38 | 18.83 39.8

N Ko 392.4 | 1.25e+ 4 | 27.08 | 19.70 31.6
Ti Lo 452.2 | 1.12e+ 4 | 29.78 | 20.28 27.4
V La 511.3 | 9.85¢+ 3 | 32.46 | 20.21 24.2
O Ka 5249 | 9.53¢+ 3 | 33.09 | 20.09 23.6
Cr Lo 572.8 | 8.38e+ 3| 34.90 | 19.26 21.6
Mn Lo 637.4.| 7.08¢+ 3 | 36.57 | 18.11 19.5
F Ko 676.8 | 6.3%¢+ 3 | 37.29 | 17.36 18.3
Fe Lo 705.0 | 5.99¢+3 | 37.72 | 16.94 17.6
Co La 776.2 | 5.06e+ 3 | 38.60 | 15.77 16.0
Ni Lo 851.5 | 4.26e+ 3 | 39.05 { 14.58 14.6
Cu Lo 920.7 | 3.62¢+ 3 | 39.11 | 13.50 13.3
Zn Lo 1011.7 | 3.08e+ 3 | 38.81 | 12.51 12.3
Na Ka 10410 | 2.91e+ 3 | 38.62 | 12.15 11.9
Ge L« 1188.0 | 2.22¢+ 3 | 36.42 | 10.57 10.4
Mg Ko 12536 | 1.98¢+3 | 3460 | 999 | 99
Al Ko 1486.7 | 7.04e4 3 | 9.82 } 42.01 8.3
Si- Ko 1740.0-}-4.74e+ 3 | 45.01 | 33.13 7.1
Zr Lo 2042.4 | 3.72¢+ 3 | 52.21 | 30.46 6.1
Mo La 22932 | 3.07e+ 3 | 56.78 | 28.24 5.4
Cl Ko 2622.4 | 2.26e+ 3 | 61.41 | 23.78 4.7
Ag Lo 2984.3 | 1.65e+ 3 | 63.47 | 19.80 4.2

"Ca Ko 3691.7 | 9.83e+ 2 | 64.97 | 14.57 3.4
Ti Ko 45108 | 5.99e+ 2 | 65.23 | 10.84 2.7
V Ka 49522 | 4.74e+ 2 | 65.11 9.43 2.5
Cr Ko 5414.7 | 3.79¢+ 2 | 64.87 | 8.24 2.3
Mn Ko 5898.8 | 3.05e+2 | 6453 | 7.23 2.1
Co Ko 6930.3 | 2.02¢+2 | 6347 | 5.63 1.8
Ni Ko 74782 | 1.66e+2 | 62.60 | 4.99 1.7
Cu Ko 8047.8 | 1.37e+ 2 | 61.07 | 4.44 1.5
Ge Ko 9886.4 | 2.98¢+2 | 61.79 | 11.83 1.3
Y Ko | 149880 | 1.13e+2 | 68.43 | 6.79 0.8
Mo Ko | 17479.0 | 7.51e+1 | 6876 | 5.27 07
Pd Ko | 21177.0 | 448¢+1 | 68.79 | 3.81 0.6
Sn Ko | 25271.0 | 2.77¢+1 | 68.63 | 281 0.5
Xe Ko | 29779.0 | 1.76e+1 | 6841 | 2.11 0.4

Thulium (Tm)

Z =69

Atomic Weight = 168.934
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L . 10115.7 eV Mp 2306.8eV Np 470.9eV® Op 547eV®
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‘ua(bams/a.bom) = p(cm?/gm) x 287.34

E(keV)u(cm?®/gm) = f2 x 243.17

Line - E(eV) {p(cm?/gm){ £ f2 X (A)
H 102 | 5.22e + 3 2.19 | 1215
He (1) 211 | 748+ 3 0.65 | 587.6
Na Los 30.5 | 9.84e+ 4 12.34 | 406.5
Mg Lzs 49.3 | 5.30e+4 10.75 | 251.5
Al Logs 72.4 | 363e+4{ 7.81 | 1079 | 171.2
Si Lgs - 91.5 | 298¢+ 4 | 846 |-11.23 | 135.5
Be K 108.5 | 2.86e+4 | 8.94 | 12.78 | 114.3
Sr M¢ 1140 | 2.83e+4 | 918 | 13.27 | 1088
Y M¢ 132.8 | 2.73¢+ 4 | 1018 | 14.92 | ,93.4
Zr MC 151.1 | 2.65e+4 | 11.35 | 16.47 | 821
B Ka 183.3 | 2.49e+4 | 1398 | 1873 | 67.6
Mo M¢ | - 192.6 | 2.43e+4 | 1473 | 19.27 | 64.4
Ar ‘L¢ 220.1 | 2.30e+4-| 17.12 | 2077 | 56.3
C Ka 277.0 | 1.89%¢+ 4 | 21.81 | 21.51 448
Ag M¢ 311.7 | 1.71e+ 4 | 23.92 | 21.88 | 39.8
N Ko 392.4 | 1.37e+4 | 2861 | 22.16 | 31.6
Ti L« 4522 | 118e+4 | 3143 | 2101 27.4
V Lo " 511.3 | 1.01e+4 | 33.82 | 21.27 | 24.2
O Ka 524.9 | 9.79¢ + 3 | 34.30 | 21.13 | 23.6°
Cr Lo 572.8 | 8.76e+3 | 36.02 | 2064 | 21.6
Mn Lo 637.4 | 7.41e+3 | 37.97 | 19.44 | 195
F K« 676.8 | 6.69¢+ 3 | 38.77 | 18.61 18.3
Fe La 705.0 | 627e+3 | 39.25 [ 1817 | 176
Co La | 7762 | 5.31e+3 | 40.30 | 16.95 16.0
Ni Lo 851.5 | 448¢+3 | 40.95 | 15.67 | 14.6
Cu La 929.7 | 3.79e+3 | 41.25 | 1449 | 13.3
Zn Lo 1011.7 | 3.21e+3 | 41.20 } 1336 | 12.3
Na Ko .| 1041.0 | 3.03e+3 | 41.10 | 12.98 | 11.9
Ge La 1188.0 | 2.30e+ 3 | 39.68 | 11.25 10.4
Mg Ko 1253.6 | 2.06e+ 3 | 38.50 | 10.61 9.9
Al Ko 1486.7 | 1.44e+3 ] 23.05 | 8.81 8.3
Si - Ka 1740.0-}-4.82e+ 3 | 41.98 | 34.50 7.1
Zr Lo .| 2042.4 | 3.83e+ 3 | 51.28 | 32.20 6.1
Mo Lo 2203.2 | 3.06e+ 3 | 56.80 | 28.89 5.4
Cl Ka 2622.4 | 2.32¢+ 3 | 61.33 | 24.97 4.7
Ag Lo 2984.3 | 1.70e+ 3 | 63.86 | 20.84 4.2
Ca Ka 3691.7 | 1.01e+ 3 | 65.75 | 15.36 3.4
Ti Ka 4510.8 | 6.17e+2 | 66.19 | 11.44 2.7
V Ka | 49522 | 4.89¢+2 | 6613 | 9.96 2.5
Cr Ko 54147 | 391e+2 | 6594 | 8.70 2.3
Mn Ko 5898.8 | 3.15e+2 | 65.66 | 7.64 2.1
Co Ko 6930.3 | 2.09¢+2 | 64.75 | 5.97 1.8
Ni Kea 74782 | 1.72¢+2 | 64.04 | 5.30 1.7
Cu Ka 8047.8 | 1.43e+2 | 62.94 | 4.72 15
Ge Ka 9886.4 | 2.46e+2 | 61.72 | 9.99 1.3
Y Ko | 14988.0 | 1.16e4+2 | 69.30 | 7.15 0.8
Mo Ko | 174790 | 7.73e+1 | 69.69 | 5.55 0.7
Pd Ko | 211770 | 4.62e+1 | 69.77 | 4.02 0.6
Sn Ko | 25271.0 | 2.86e+1 | 69.63 | 2.98 0.5
Xe Ko | 29779.0 | 1.83e+1 | 69.43 | 2.24 0.4

References: 116, 131, 152.

Ytterbium (Yb)
Z=70
Atomic Weight = 173.040
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Edge Energies

L1 10486.4 eV Mp 23981eV - Ny 4805eV® Op 52.0eV°®
L1 9978.2 eV M. 2173.0 eV Npy 383.7eV® O 30.3eV®
Ly 8943.6 eV Myy; 1948.8 eV Nypr 339.7eVe  Oppp 24.1eVe
. My 1576.3 eV Ny 191.2 eV© .

My 1527.8 eV Ny 1824 eV*
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ta(barns/atom) = p(cm?/gm) x 290.55
E(keV)u(cm?/gm) = f2 x 240.49

Line E(eV) (u(cm?gm)| fi f2 A (A)
H 102 | 3.84e + 4 16330 | 1215
He (ID) 21.1 | 7.95e+3 0.70 | 587.6
Na L3 30.5 | 5.25e+ 4 6.66 | 406.5
Mg L2;s 49.3 | 5.16e+ 4 10.58 | 251.5
Al Logs 724 | 310e+4 | 1084 | 9331 1712
Si Lags 91.5 | 2.57e+4 | 10.94 | 977 | 1355
Be K 108.5 | 2.32e+4 | 11.03 | 10.48 | 114.3
Sr M¢ 114.0 | 2.3le+ 4 | 10.99 | 10.93 | 108.8
Y M¢ 132.8 | 2.3le+4 | 11.35 | 12.78 | 934
Zr M(¢ 151.1 | 2.32e+4 | 12.43 | 1455 | 821
B Ka 183.3 | 2.19e+4 | 14.39 | 16.68 | 67.6
Mo M¢ 192.6 | 2.16e+4 | 14.83 | 17.31 | 64.4
Ar L¢ 220.1 | 2.12e+4 | 17.58 |'19.42 | 56.3
C Ko 277.0 | 1.74e+ 4 | 21.47 | 20.08 | 44.8
Ag M¢ 311.7 | 1.6le+4 | 23.20 | 20.80.| 39.8
N K« 392.4 | 1.38e+4 | 27.91 | 22.56 | 31.6
Ti Lo 452.2 | 1.17e+4 | 31.01 | 22.08 | 27.4
V La 511.3 | 1.05e+ 4 | 33.53 | 22.33 | 24.2
O Ka 524.9 | 1.02e+4 | 34.28 | 22.31 | 236
Cr Lo 572.8 | 9.02e+3 | 36.50 | 21.47 | 21.6
Mn Lo 637.4 |.7.64e+ 3 | 38.54 | 2024 | 195
F Ko 676.8 | 6.90e+ 3 | 39.46 | 19.42 | 183
Fe Lo 705.0 | 6.47e+3 | 40.03 | 1897 | 17.6
Co La 776.2 | 5.48¢+3 | 41.25 | 17.68 | 16.0
Ni La 851.5 | 4.62e+ 3 | 42.04 | 16.35 | 146
Cu Lo 929.7 | 3.92e+ 3 | 42.47 | 15.15 | 13.3
Zn La 1011.7 | 3.33e4- 3 | 42.62 | 14.03 | 12.3
Na Ka 1041.0 | 3.15e+3 | 42.60 | 1363 | 119
Ge La 1188.0 | 2.40e+3 | 41.66 | 11.83 | 10.4
Mg Ko 1253.6 | 2.14e+3 | 40.81 | 11.17 | .99
Al Ko 1486.7 | 1.50e+ 3 | 32.97 | 9.28 8.3
Si- Ka | 1740.0-}-5.06e+ 3 | 39.33 | 36.65 7.1
Zr Lo 2042.4 | 3.47e+3 | 51.32 | 20.46 6.1
Mo Lo 22932 | 2.99e+ 3 | 52.59 | 28.52 5.4
Cl Ko 2622.4 | 2.43e+ 3 | 60.32 | 26.46 4.7
Ag Lo 2984.3 | 1.79¢+ 3 | 63.83 | 22.17 4.2
Ca Ko 3691.7 | 1.07e+ 3 | 66.38 | 16.40 34
Ti Ko 4510.8 | 6.51e+2 | 67.12 | 12.22 2.7
V Ko 4952.2 | 5.16e+2 | 67.14 | 10.62 2.5
Cr Ko 5414.7 | 412e+2 | 67.02 | 9.28 2.3
Mn Ko 5898.8 | 332¢+2 | 66.79 | 815 21
Co- Ko 6930.3 | 2.20e+2 | 66.01 | 6.35 1.8
Ni Ko 7478.2 | 1.8le+2 | 65.41 | 5.64 1.7
Cu Ka 8047.8 | 1.50e+ 2 | 64.55 | 5.03 1.5
Ge Ko 9886.4 | 2.33e+2 | 63.00 | 9.60 1.3
Y Ko | 14988.0 | 1.22e+2 | 70.05 | 7.59 0.8
Mo Ko | 17479.0 | 815e+1 | 70.59 | 5.92 0.7
Pd Ko | 21177.0 | 4.88e+1 | 70.76 | 4.30 0.6
Sn Ko | 25271.0 | 3.02¢+1 | 70.66 | 3.17 0.5
Xe Ka | 29779.0 | 1.92¢+1 | 70.47 | 2.38 04

. References: 117.

Lutetium (Lu)
: Z=T1
Atomic Weight = 174.970
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Edge Energies

Ly 10870.4 eV Mp 2491.2 eV Ny 506.8eV® Op 57.3eV®
L1 10343.6 eV Mj; 2263.5 eV Ny 412.4eV® Oy 33.6eV°e
Ly 92441 eV My 2023.6 eV Niip 359.2 eV© O11 26.7 eV©
: Mjpy 1639.4 eV Niv 206.1 eV®
My 15885 eV Ny 196.3 eV©®
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a(barns/atom) = u{cm?/gm) x 296.39
E(keV)u(cm?/gm) = f2 x 235.75

Line E(eV) u(cm2/ gm) fi fo A (A)
H 10.2 | 6.33e+ 4 27.37 | 1215
He (ID) 21.1 | 2.90e+4 4 2.59 | 587.6
Na Lz 305 | 2.09¢+ 4 2.70 | 406.5
Mg L3 49.3 | 8.0le+ 4 16.75 | 251.5
Al Lz 72.4 | 2.96e+4 | 1242 | 911 | 171.2
Si Laa: 91.5 | 2.42e+4 | 10.72 | 9.38 | 135.5
Be K 108.5 | 2.33e+ 4 | 10.62 | 10.74 | 114.3
Sr M¢ 114.0 | 2.32e+ 4 | 10.68 | 11.22 | 108.8
Y M¢ 132.8 | 2.28¢+4 | 11.20 | 12.87 93.4.
Zr M¢ 151.1 | 2.25e+4 | 12.00 | 14.39 82.1
B Ko« 183.3 | 2.18e+ 4 | 13.82 | 16.95 67.6
Mo M(¢ 192.6 | 2.15e+4 | 14.50 | 17.58 64.4
Ar L¢ 220.1 | 2.06e+4 | 16.56 | 19.19 56.3
C Ka 277.0 | 1.82e+ 4 | 20.89 | 21.43 44.8
Ag M¢ 311.7 | 1.64e+ 4 | 2366 | 21.71 39.8
N Ko 392.4 | 1.32¢4+ 4 | 27.71 { 21.97 | 31.6
Ti Lo 452.2 | 1.16e+ 4 | 30.35 | 22.24 27.4
V La 511.3 | 1.02¢+ 4 | 32.68 | 22.10 24.2
O Ko« ©524.9 | 9.95e+ 3 | 3313 | 22.15 23.6
Cr La 572.8 | 9.17e+ 3 | 35.13 | 22.29 21.6
Mn Lo 637.4 | 7.99e+ 3 | 37.84 | 21.60 19.5 |
F Ka - 676.8 | 7.23e+ 3 | 39.06 | 20.75 18.3
Fe La 705.0 | 6.78¢+ 3| 39.79 | 20.27 17.6
Co Lo 776.2 | 5.73¢+3 .| 41.24 | 18.86 16.0
Ni Lo 851.5 | 4.85e+ 3 | 42.19 | 17.51 14.6
Cu Lo 929.7 | 4.13¢+ 3 | 42.81 | 16.28 13.3
Zn La 1011.7 { 3.51e+ 3 | 43.13 | 15.07 12.3
Na Ko 1041.0 | 3.32¢+ 3 | 43.16 | 14.64 11.9
Ge Lo 1188.0 | 2.53e+ 3 | 42.52 | 12.75 10.4
Mg Ko 1253.6 | 2.27e+ 3 | 41.85 | 12.05| 99
Al Ko 1486.7 | 1.59e+3 | 36.17 | 10.06 8.3
Si- Ko '} 1740.0 -|-5.34e+ 3 | 33.15 | 39.40 7.1
Zr Lo 2042.4 | 3.60e+ 3 | 49.49 | 31.19 6.1
Mo Lo 2293.2 | 3.13e+ 3 | 55.89 | 30.44 5.4
Cl Ko 2622.4 | 2.48¢+ 3 | 60.92 | 27.61 4.7
Ag Lo 2984.3 | 1.83e4 3 | 65.04 { 23.18 4.2
Ca Ko 3691.7 | 1.08¢+ 3 | 67.51 .| 16.96 3.4
Ti Ka 4510.8 | 6.62e+ 2 | 68.19 | 12.67 2.7
V. Ka 4952.2 | 5.26e+2 | 68.22 | 11.06 2.5
Cr Ka 5414.7 | 4.22¢e4+2 | 6812 | 9.69 2.3
Mn Ko 5808.8 | 3.4le+2 | 67.93 | 8.54 21
Co Ko 6930.3 | 2.27e+ 2 | 67.27 | 6.68 1.8
Ni Ko 74782 | 1.87¢e+2 | 66.77 | 5.93 1.7
Cu Ko 8047.8 | 1.55¢+2 | 66.07 | 5.28 1.5
Ge Ko 9886.4 | 2.4le+ 2 | 62.67 | 10.09 1.3
Y Ko | 14988.0 | 1.25¢+4+2 | 70.92 | 7.97 0.8
Mo Ka | 17479.0 | 8.35e+1 | 71.54 | 619 0.7
Pd Ko | 21177.0 | 4.99e+1 | 71.73 |~ 4.48 0.6
Sn Ko | 25271.0 | 3.09e+1'| 71.65 3.32 0.5
Xe Ka | 29779.0 | 1.98¢e+1 | 71.47 | 2.50 0.4

References: 76, 232.

Hafnium (Hf)

Z=72
Atomic Weight = 178.490
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ua(barns/atom) = x(cm?/ gm) x 300.48
E(keV)u(cm?/gm) = f2 x 232.54

Line E(eV) y.(cmz/gm) 1 f2 A (A)
H 10.2 | 7.48e + 4 32.80 | 1215
He (IN) 21.1 | 6.57e+ 4. 5.97 | 587.6
Na L2 30.5 | 3.51e+4 4.60 | 406.5
Mg L2;s 49.3 | 8.38e+4 17.76 | 2515
Al 1o 72.4 | 325¢+4 | 1403 | 1013 | 171.2
Si Lags 91.5 | 2.29e+4 | 12.62 | 9.01 | 1355
Be K 108.5 | 2.10e+4 | 1156 | 9.78 | 114.3
Sr M(¢ 114.0 | 2.09e+ 4 | 11.37 | 10.24 | 108.8
Y M¢ 132.8 | 2.13e+4 | 11.58 | 12.16 93.4
Zr M(¢ 151.1 | 2.11le+4 | 12.17 | 13.70 82.1
B K& 183.3 | 2.08¢+ 4 | 13.49 | 16.41 67.6
Mo M¢ 192.6 | 2.08¢e+4 | 1411 | 17.25 64.4
Ar L¢ 220.1 | 2.0le+4 | 16.17 | 19.06 56.3
C Ko« -277.0 | 1.83e+ 4 | 20.55 | 21.81 44.8
Ag M¢ 311.7 | 1.65e+4 | 23.19 | 22.15 39.8
N Ko« 392.4 | 1.34e+ 4 | 27.04 | 22.68 31.6
Ti Lo 452.2 | 1.25e+4+4 | 30.12 | 24.37 27.4
V La 511.3 | 1.09e+ 4 | 33.53 | 23.94 24.2
O Ko 524.9 | 1.05e+4 | 3412 | 23.79 23.6
Cr Lo 572.8 | 9.77e+ 3 | 35.75 | 24.06 21.6
Mn Lo . 637.4 | 8.39¢+4+ 3 | 39.12 | 22.98 19.5
F Ko 676.8 | 7.59¢+ 3 | 40.36 | 22.09° | 183
Fe La 705.0 | 7.12¢+ 3 | 41.13 | 21.59 17.6
Co Lo 776.2 | 6.04e+ 3 | 42.77 | 20.15 16.0
Ni Le. 851.5 | 5.12e+ 3 | 43.93 | 18.73 14.6
Cu Lo 929.7 | 4.35e+ 3 | 44.75 | 17.40 13.3
Zn Lo 1011.7 | 3.70e+ 3 | 45.26 | 16.08' | 12.3
Na Ko 1041.0 | 3.49¢+ 3 | 45.36 | 15.63 11.9
Ge Lo 1188.0 | 2.67e+ 3 | 45.19 | 13.65 10.4
Mg Ko - | 12536 } 2.39e+3 | 44.84 | 12.90 9.9
Al Ko 1486.7 | 1.67e+ 3 | 41.46 | 10.65 8.3
Si- Ko~ 1740.0-|-1.69¢e+ 3 | 21.23 | 12.63 7.1
Zr Lo 2042.4 | 3.74e+ 3 | 48.43 | 32.87 6.1
Mo La 22932 | 3.27e+ 3 | 54.76 | 32.28 5.4
Cl Ka 2622.4 | 2.48¢+ 3 | 60.87 | 28.02 4.7
Ag Lo 2984.3 | 1.90e+ 3 | 64.97 | 24.33 4.2
Ca Ko 3691.7 | 1.13e+ 3 | 68.29 | 17.98 3.4
Ti Ka 4510.8 | 6.89¢+ 2 | 69.33 | 13.36 2.7
V Ke 49522 | 5.45e+ 2 | 69.43 | 11.60 2.5
Cr Ko 5414.7 | 4.35e+ 2 | 69.38 | 10.12 2.3
Mn Ko 5898.8 | 3.50e+ 2 | 69.23 8.88 2.1
Co Ko 6930.3 | 2.32e+2 | 6863 | 6.92 1.8.
Ni Ko 74782 | 1.91e+2 | 6818 | 6.14 1.7
Cu Ko 8047.8 | 1.58¢+ 2 | 67.61 5.48 1.5
Ge Ka 9886.4 | 1.15¢+2 | 62.10 | 488 1.3
Y Ko | 149880-| 1.30e+2 | 71.45 | 8.37 0.8
Mo Ka | 17479.0 | 873e+1 | 7229 | 6.56 0.7
Pd Ko | 21177.0 | 525e+1 | 72.64 | 4.78 0.6
Sn Ko | 25271.0 | 326e+1 | 7262 | 3.54 0.5
Xe Ko | 29779.0 | 2.08e+1 | 72.48 | 2.67 0.4

Tantalum (Ta)
Z=T3

Atomic Weight = 180.948
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3

a(barns/atom) = u(cm?/gm) x 305.29

E(keV)p(cm?/gm) = f2 x 228.87

Line E(eV) |u(cm¥gm)| £ f2 A (4)
H 10.2 | 4.55e+ 4 20.30 | 1215
He (ID) 21.1 | 6.16e+ 4 5.68 | 587.6

Na Lz 30.5 | 3.10e+ 4 4.13 | 406.5
Mg Lo2,s 49.3 | 7.90e+ 4 17.01 | 251.5
Al Logs 72.4 | 327e4+ 4 | 1472 | 1034 | 171.2

‘Si Lo 91.5 | 2.04e+4 | 1326 | 815 ] 1355 |
Be K 108.5 | 1.80e+ 4 | 11.60 | 854-| 114.3
Sr M(¢ 114.0 | 1.83e+4 | 11.26 | 9.09 | 108.8
Y Mc¢ 132.8 | 1.91e+ 4 | 11.08 | 11.06 93.4
Zr M(¢ 151.1 | 1.91e+4+ 4 | 11.52 | 12.63 82.1
B Ka 183.3 | 1.94e+ 4 | 12.69 | 15.55 67.6
Mo M(¢ 192.6 | 1.94e+ 4 | 13.08 | 16.29 64.4
Ar L¢ 220.1 | 1.92e+4 | 1454 | 1847 | 56.3
C Ka 277.0 | 1.84e+ 4 | 19.09 | 22.30 44.8
Ag M¢ 311.7 | 1.69e+ 4 | 21:81 | 23.02 39.8
N Ko 392.4 | 1.42¢e+ 4 | 26.30 | 24.30 31.6
Ti Lo 452.2 | 1.30e+4 | 29.93 | 25.61 27.4
V Lo 511.3 { 1.13e+ 4 | 33.54 { 25.28 24.2
0 Ko 524.9 | 1.10e+ 4 | 34.26 | 25.15 23.6
Cr La 572.8 | 9.77¢+3 | 36.22 | 24.44 | 21.6
Mn Lo 637.4 | 8.73¢+ 3 | 38.86 | 24.31 19.5
F Ko 676.8 | 7.93¢+ 3 | 40.51 .| 23.45 18.3
Fe Lo 705.0 | 7.44e+3 | 41.41 | 22.93 17.6
Co Lo 776.2 | 6.32e+ 3 | 43.31 | 21.44 16.0
Ni Lo 851.5 | 5.35e+ 3 | 44.67 | 19.89 14.6
Cu Lo 929.7 | 4.54e+ 3 | 45.61 | 18.45 13.3
Zn La 1011.7 | 3.87e+ 3 | 46.24 | 17.09 12.3
Na Ke 1041.0 | 3.65e+ 3 | 46.39 | 16.62 11.9
Ge La 1188.0 | 2.80e+ 3 | 46.51 | 14.56 10.4
Mg Ko 1253.6 | 2.52¢+3 | 46.31 | 13.78 9.9
Al Ko 1486.7 | 1.75e+ 3 | 43.89 | 11.38 8.3
Si- Ka 1740.0-| - 1.25e+ 3 | 3320 | 9.48 7.1
Zr Lo 2042.4 | 3.89e¢+ 3 | 46.31 | 34.70 6.1
Mo Lo 2293.2 | 3.24e+ 3 | 52.07 | 32.46 5.4
Cl Ko 2622.4 | 2.59¢+ 3| 60.06 | 29.63 4.7
Ag Lo 2984.3 | 1.97e+ 3 | 64.90 | 25.67 4.2
Ca Ko 3691.7 | 1.17e+ 3 | 68.89 | 1894 | - 3.4
Ti Ko 4510.8 | 7.15e+2 | 70.16 | 14.09 2.7
V K« 4952.2 | 5.66e+2 | 70.33 | 12.24 25
Cr Ko 5414.7 | 4.52e4 2 | 70.33 | 10.69 2.3
Mn Ko 5898.8 | 3.64e+2 | 7019 | 937 21
Co Ko 6930.3 { 2.4le+2 | 69.64 | 7.30 1.8
Ni Ko 7478.2 | 1.98¢+2 | 69.24 | 6.48 1.7
Cu Ko 8047.8 | 1.64e+2 | 68.73 | 5.77 1.5
Ge Ko 9886.4 | 9.64e+1 | 6415 | 417 1.3
Y Ko | 149880 | 1.35e+2 | 72.33 | 881 0.8
Mo Ko | 17479.0 | 8.99¢+1 | 73.26 | 6.87 0.7
Pd Ko | 211770 | 5.40e+1 | 7363 | 5.00 0.6
Sn Ko | 25271.0 { 3.36e+1 | 7363 | 3.71 0.5
Xe Ko | 29779.0 | 2.15e+1 | 73.48 | 2.80 0.4

References: 4, 48, 106, 136, 149, 200, 223, 233.

~Tungsten (W)
Z=T74

Atomic Weight = 183.850
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ta(barns/atom) = u(cm?/gm) x 309.21
E(keV)u(cm?/gm) = f2 x 225.98

Line E(eV) y.(cmz/gm) f1 fo A (A)
H 10.2 | 4.28e+ 4 19.33 | 1215
He (IT) 21.1 | 8.08¢e+ 4 7.54 | 587.6
Na L2 30.5 | 3.43e+ 4 4.63 | 406.5
Mg Las 49.3 | 5.70e+ 4 12.44 | 251.5
Al Lo 72.4 | 354e+4 | 16.54 | 11.35 | 171.2
Si Logs 91.5 | 1.78¢+ 4 | 15.11 7.21 | 1355
Be K~ 108.5 | 1.56e+4 | 12.84 | 7.49 | 114.3
Sr M¢ 114.0 | 1.59e+ 4 | 12.39 8.02 | 108.8
Y Mc¢ 132.8 | 1.70e+ 4 | 11.95 | 9.97 93.4
Zr M¢ 151.1 | 1.75e+4 | 12.31 | 11.73 82.1
B Ko 183.3 | 1.76e+ 4 | 13.07 | 14.29 67.6
Mo M(¢ 192.6 | 1.76e+ 4 | 13.40 | 15.01 64.4
Ar L¢ 220.1 | 1.77e+ 4 | 14.47 | 17.21 56.3
C Ko 277.0 | 1.74e+ 4 | 18.22 | 21.31 44.8
Ag M¢ 311.7 | 1.64e+ 4 | 20.74 | 22.63 39.8
N Ko« 392.4 | 1.42¢+4 | 26.12 | 24.61 31.6
Ti Lo 452.2 | 1.27e+ 4 | 29.33 | 25.40 27.4
V Le 511.3 { 1.15e+ 4 | 32.54 | 26.00 24.2
0 Ko« 5249 | 1.12e+4 | 33.39 | 26.13 23.6
Cr La 572.8 | 1.01e+ 4 | 35.83 | 25.48 21.6
Mn Lo 637.4 | 9.09¢e+ 3 | 38.87 | 25.65 | 19.5
F Ko 676.8 | 8.23¢+3 | 40.81 | 24.66 18.3
Fe Lo 705.0 | 7.71e+ 3 | 41.77 | 24.07 17.6
Co La 776.2 | 6.56e+ 3 | 43.81 | 22.53 16.0
Ni Lo 851.5 | 5.56e+ 3 | 45.33 | 20.96 14.6
Cu La 92907 | 4.74e4+ 3 | 46.44 | 1951 13.3
Zn Lo 1011.7 | 4.05e¢+ 3 | 47.26 | 1812 ] 12.3
Na Ko 1041.0 | 3.83e+3 | 47.48 | 17.63 11.9
Ge Lo 1188.0 | 2.94e+ 3 | 47.90 | 15.45 10.4
Mg Ko 1253.6 | 2.64e+ 3 | 47.84 | 1462 | 9.9
Al Ko 1486.7 | 1.84e+ 3 | 46.17 | 12.10 8.3
Si- Ka 1740.0-}-1.31e+ 3 | 39.87 | 10.11 71
Zr Lo 2042.4 | 4.00e+ 3 | 42.11 | 36.18 6.1
Mo Lo 2293.2 | 3.03¢+ 3 | 52.05 | 30.79 5.4
Cl Ko 2622.4 | 2.52¢+ 3 | 59.53 | 29.28 4.7
Ag Lo 2984.3 | 2.04e+ 3 | 64.28 | 26.95 4.2
Ca Ko« 3691.7 | 1.22¢+ 3 | 69.43 | 19.94 3.4
Ti Ko 45108 | 7.43e4+2 | 71.00 | 1484 | 2.7
V Ko | 49522 | 5.88¢e+2 | 71.25 | 12.89 2.5
Cr K« 5414.7 | 4.70e+ 2 | 71.31 | 11.26 2.3
Mn Ko 5898.8 | 3.78e+ 2 | 71.21 9.87 2.1
Co Ko 6930.3 | 2.51e+2 | 70.74 | 7.69 1.8
Ni Kea 74782 | 2.06e4+2 | 70.38 | 6.83 1.7
Cu Ko 8047.8 | 1.71e4+ 2 | 69.93 | 6.08 1.5
Ge Ko 0886.4 | 1.0le+2 | 66.94 | 4.41 1.3
Y Ko | 14988.0 | 1.40e+ 2 | 72.89 | 9.27 0.8
Mo Ko | 17479.0 | 9.40e+1 | 74.05 7.27 0.7
Pd Ko | 21177.0 | 5.67e+1 | 74.57 5.31 0.6
Sn Ko | 25271.0 | 3.53¢e+1 | 74.62 3.94 0.5
Xe Ko 29779.0 | 2.26e+1 | 74.50 2.98 0.4

References: 136, 232.

Rhenium (Re)

Z=175
_Atgmic Weight = 186.207
. O
; ® :
: | atl /
o I/
©
- ol
bl 8 / '\
/
]
, T
/
(e}
10 100 1000 10000
(@]
o
i N
/A’—-'\ ‘\
/N ) \
™ Q /) "/ _4#\\
v i -
\
7
10 100 - 1000 10000
e

15

E
Lo
g
L%
=
| T . T~
o LT o1
10 100 1000 10000
E (eV)
Edge Energies
Ly 12526.7e¢V  Mp 2931.7eV  N; 625.4e¢V® O; 83 eV®
Ly 11958.7 eV Mjy; 2681.6 eV Ny 5187 eVt O 456 ev?
Ly 10535.3 eV My 2367.3eV Ny 446.8eV® O 34.6 eV?
My 19489 eV Niy 273.9 eV?
My 18829eV Ny 260.5eV®

106

Nyp 429 eVe
Nyjy 40.5 eV*®



q(barns/atom) = u(cm?/gm) X 315.84
E(keV)u(cm?/gm) = f> x 221.23

Line E(eV) |u(cmPgm)| fi £ A (A)
H 102 | 4.23e+ 4 19.51 [ 1215
He (ID 21.1 | 8.07e+ 4 7.70 | 587.6
Na L2,3 30.5 | 5.79¢+ 4 7.98 | 406.5
Mg L3 49.3 | 4.95e+ 4 11.03 | 251.5
Al Laa 72.4 | 3.39¢e+4 | 15.91 | 11.10 | 171.2
Si L2 915 | 1.81e+4 | 1642 | 7.50 | 1355
Be K 1085 | 1.38e+4 | 1445 | 6.75 | 1143
Sr M¢ 1140 | 1.34e+4 | 1386 | 6.93 | 108.8
Y M(¢ . 132.8 | 1.42e+4 | 12.52 | 8.49 93.4
Zr M¢ 151.1 | 1.54e+ 4 | 12.10 | 10.51 82.1
B Ko 183.3 | 1.67e+4 | 13.03 | 13.83 67.6
Mo M(¢ 192.6 | 1.67e+ 4 | 13.37 | 14.55 64.4
Ar L¢ 220.1 | 1.69e+ 4 | 14.36 | 16.83 56.3
C Ko 277.0 | 1.70e4 4 | 18.08 | 21.28 44.8
Ag M(¢ 311.7 | 1.60e+4 | 20.71 | 22.54 39.8
N Ko . 392.4 | 1.4le+4 | 26.06 | 24.98 31.6
Ti La 452.2 | 1.22e+ 4 | 29.23 | 24.98 27.4
V Lo 511.3 | 1.15e+ 4 | 32.04 | 26.49 24.2
O Ko 5249 | 1.13e+ 4 | 33.03 | 26.72 23.6
Cr La 572.8 | 1.02e+ 4 | 36.04 | 26.28 21.6
Mn Lo - 637.4 | 8.83e+3 | 38.48 | 25.43 19.5

'F  Ka 676.8 | 8.40e+ 3 | 40.13 | 25.70 | 183
Fe Lo 705.0 | 7.91e+ 3 | 41.57 | 25.20 17.6
Co Lo 776.2 | 6.75¢+ 3 | 44.02 | 23.69 16.0
Ni La 851.5 | 5.75e+ 3 | 45.83 | 22.14 14.6
Cu Lo 929.7 | 4.91e+ 3 | 47.21 | 20.65 13.3
Zn Lo 1011.7 | 4.19¢+ 3 | 48.23 | 19.15 12.3
Na Ka- 1041.0 { 3.96e+ 3 | 48.50 | 18.63 11.9
Ge La 1188.0 [ 3.04e+ 3 | 49.16 | 16.32 | 10.4
Mg Ko 1253.6 | 2.73e+ 3 | 49.20 | 15.45 9.9
Al Ko 1486.7 | 1.92e+ 3 | 4813 | 12.87 8.3
Si- Ka 17400 { 1.37e+ 3 | 43.94 | 10.80 7.1
Zr Lo« 2042.4 | 3.16e+3 | 30.57 | 29.17 6.1
Mo La 22932 | 3.12e+3 | 51.64 | 32.30 5.4
Cl Ka 2622.4 | 2.6le+ 3 | 59.25 | 30.89 4.7
Ag Lo 2984.3 | 2.0le+ 3 | 64.15 | 27.12 4.2

‘Ca Ko 3691.7 | 1.26e+ 3 | 69.94 | 20.95 3.4
Ti Ko 4510.8 | 7.66e+2 | 71.85 | 15.62 2.7
V Ko 4952.2 | 6.07e+2 | 72.19 | 13.58 2.5
Cr Ko 5414.7 | 4.85e+2 { 72.32 | 11.87 2.3
Mn Ko 5898.8 | 3.91e+2 | 72.29 | 10.41 2.1
Co Ko 6930.3 | 2.59e+2 | 7191 | 812 1.8
Ni Ke 7478.2 | 2.13e+2 | 71.60 | 7.21 1.7
Cu Ka 8047.8 | 1.77e+2 | 71.20 | 6.43 1.5
Ge Ko 9886.4 | 1.04e+2 | 6891 | 4.64 1.3
Y Ko | 149880 | 1.44e+2 | 7343 | 9.74 0.8
Mo Ka | 17479.0 | 9.65e+1 | 74.85 | .7.63 0.7
Pd Ko | 21177.0 | 5.81e+1 | 75.49 | 5.57 0.6
Sn Ko | 25271.0 | 3.62¢+1 | 75.58 | 4.14 0.5
Xe Ko | 29779.0 | 2.33e+1 | 75.49 | 3.3 0.4

References: 193, 232.

Osmium (Os)
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" pa(barns/atom) = p(cm?/gm) x 319.19
E(keV)u(cm?/gm) = f2 x 218.91

Line E(eV) |u(cm?/ gm) f1 £ A (A)
H 10.2 | 4.99¢ + 4 2326 | 1215
He (IN) 21.1 | 8.53¢+ 4 8.22 | 587.6
Na Lo 305 | 6.71e+ 4 9.34 | 406.5
Mg L2,3 49.3 | 4.71e+ 4 10.61 | 251.5
Al Logs 72.4 | 4.12e+4 | 16.40 | 13.63 | 171.2
Si ‘Lgs 91.5 | 1.85e+4 | 16.43 | 7.75 | 135.5
Be K 1085 | 1.28¢+4 | 15.16 | 6.34 | 114.3
Sr M(¢ 114.0 | 1.17e+4 | 1454 | 6.09 | 108.8
Y M¢ 132.8 | 1.11e+4 | 12.30 | 6.75 93.4
Zr M¢ 1511 | 1.24e+4 | 1097 | 858 | 821
B Ko 183.3 | 1.47e+4 | 10.45 | 12.27 | 67.6
Mo M(¢ 192.6 | 1.53e+4 | 1047 | 1346 | 64.4
Ar L¢ 220.1 | 1.68¢+4 | 11.39 | 16.92 56.3
C Ko 277.0 | 1.71e+4 | 15.88 | 21.68 | 44.8
Ag M¢ 311.7 | 1.63e+4 | 1819 { 2326 | 39.8
N Ko 392.4 | 1.50e+4 | 23.70 | 26,94 | 31.6
Ti La 452.2 1 1.36e+4 | 28.23 | 2820 | 274
V La 511.3 | 1.23e+ 4 | 31.93 | 28.65 24.2
0 Ko 524.9 | 1.20e+ 4 | 32.76 | 28.75 23.6
Cr La - 572.8 | 1.10e+ 4 | 36.05 | 28.69 21.6
Mn Lo 637.4 | 9.42¢+ 3 | 39.27 | 27.43 | 195
F Ko 676.8 | 8.65¢+3 | 40.79 | 26.75 18.3
Fe Lo .705.0 | 8.16e+3 | 41.76 | 26.29 | 17.6
Co La 776.2 | 7.12e+ 3 | 43.94 | 25.25 16.0
Ni Lo 851.5 | 6.24e+ 3 | 46.20. | 24.28 14.6
Cu La 929.7 | 5.22¢+ 3 | 48.09 | 22.18 | 13.3
Zn Lo 1011.7 | 4.45¢+3 | 49.19 | 20.59 | 12.3
Na Ko 1041.0 | 4.21e+ 3 | 4951 | 20.03 { 11.9
Ge La 1188.0 | 3.23e+ 3 | 50.38 | 17.54 10.4
Mg Ko 1253.6 | 2.90e+ 3 | 50.52 | 16.60 9.9
Al Ke 1486.7 | 2.04e+ 3 | 49.88 | 13.82 8.3
Si- Ko 1740.0 -| 1.46e+ 3 | 46.88 | 11.58 7.1
Zr Lo 2042.4 | 1.43e+ 3 | 28.20 | 13.30 6.1
Mo Lo 2293.2 | 3.27e+ 3 | 49.50 | 34.29 5.4
Cl Ko 2622.4 | 2.74¢+ 3 | 57.31 | 32.83 4.7
Ag Lo 2984.3 | 2.11e+ 3 | 63.66 | 28.81 4.2
Ca Ko 3691.7 | 1.32e+ 3 | 70.29 | 22.24 3.4
Ti Ko 4510.8 | 8.08¢+ 2 | 72.69 | 16.64 2.7
V Ko 4952.2 | 6.40e+2 | 73.16 | 14.47 2.5
Cr Ko 5414.7 | 5.11e+ 2 | 73.37 | 12.63 2.3
Mn Ko 5898.8 | 4.11e+2 | 73.39 | 11.07 2.1
Co Ko 6930.3 | 2.72¢+2 | 73.08 | 8.61. 1.8
Ni Ko 7478.2 | 2.24e+2 | 72.80 | 7.64 1.7
Cu Ko 8047.8 | 1.85e+2 | 72.43 | 6.81 1.5
Ge Ko 9886.4 | 1.09e+2 | 70.52 | 4.92 1.3
Y Ko | 14988.0 | 1.48¢+2 | 73.91 | 10.14 0.8
Mo Ko | 17479.0 | 1.00e+2 | 7560 | 7.99 0.7
Pd Ko | 21177.0 | 6.07e+1 | 76.37 | 5.87 0.6
Sn Ko | 25271.0 | 3.80e+1 | 76.54 | 4.38 0.5

-Xe Ko | 29779.0 | 2.45¢+1 | 76.48 | 3.33 0.4

References: 183, 223, 232.
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Iridium (Ir)
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yia(barns/atom) = p(cm?/gm) x 323.96
E(keV)u(cm?/gm) = f2 x 215.69

Line E(eV) p{cm?/ gim) fi £ A (A)
B 102 | 4.84e+ 4 22.91 | 1215
He (II) 211 | 9.58e+ 4 9.37 | 587.6
Na L3 30.5 | 7.26e+ 4 10.27 | 406.5
Mg La3s '49.3 | 4.34e+ 4 9.92 | 251.5
Al Logs 72.4 | 5.64e+4 | 11.68 [ 1894 | 171.2 |
Si Lzgs 91:5 | 2.65e+4 | 20.14 | 11.24 | 135.5
Be K | 1085 | 1.47e+4 | 1847 | 7.42 | 114.3
Sr M¢ 1140 | 1.27e+4 | 1787 | 6.72 | 1088
Y M¢ 132.8 | 9.52¢+3 | 1510 | 5.86 | 93.4
Zr M¢ 151.1 | 9.70e+3 | 12.86 | 6.80 | 82.1
B Ka 183.3 | 1.27e+ 4 | 1077 | 10.76 | 67.6
Mo M(¢ 192.6 | 1.34e+ 4 | 10.80 | 12.00 | 64.4
Ar L¢ 220.1 | 1.53e+4 | 11.11 | 15.59 | 56.3
C Ko | 2770 | 1.61e+4 | 1518 | 2066 | 44.8
Ag M¢ 311.7 | 1.58¢+4 | 17.14 | 22.77 | 39.8
N Ko 392.4 | 1.51e+4 | 2312 | 2752 | 316
Ti La 452.2 | 1.33e+4 | 27.99 | 27.89 | 27.4
V Lo 511.3 | 1.17e+4 | 30.83 | 27.68 | 24.2
O Ko 524.9 | 1.15e+ 4 | 31.10 | 27.87 | 23.6
Cr La 572.8 | 1.11e+4 | 3420 | 2053 | 21.6
Mn Lo 637.4 | 9.75e+3 | 38.29 | 28.80 | 195
F Ka 676.8 | 8.90e+ 3 | 40.06 | 27.92 | 183
Fe La 705.0 | 8.42e+3 | 40,92 | 2753 | 176
Co Lo 776.2 | 7.57e+3 | 4368 | 27.23 | 16.0
Ni Lo 851.5 | 6.45¢+3 | 46.46 | 25.46 | 14.6
Cu L« 929.7 | 5.50e+3 | 48.30 | 23.73 | 133
Zn Lo 1011.7 | 4.70e+3 | 49.71 | 22.03 | 12.3
Na Ko 1041.0 | 4.4de+ 3 | 50.11 | 21.44 | 11.9
Ge La 1188.0 | 3.41e+3 | 5129 | 1879 {- 10.4
Mg Ko 1253.6 | 3.06e+ 3 | 51.55 | 17.79 9.9
Al Ka 1486.7 | 2.15e+ 3 | 51.36 | 14.82 8.3
Si- Ka 1740.0 -} -1.54e+ 3 | 49.22 | 12.41 7.1
Zr Lo 2042.4 | 1.08¢+ 3 | 38.77 | 10.23 6.1
Mo Lo 2203.2 | 3.42¢+ 3 | 44.93 | 36.36 5.4
Cl Ko 2622.4 | 2.47¢+ 3 | 52.30 | 29.99 4.7
Ag La 2984.3 | 2.08¢e+ 3 | 62.95 | 28.72 4.2
Ca Ka 3691.7 | 1.37e+ 3 | 70.64 | 23.52 34
Ti Ka 4510.8 | 8.40e+ 2 | 73.46 | 17.58 2.7
V Ko« 4952.2 | 6.66e+2 | 74.03 | 15.29 2.5
Cr Ka 5414.7 | 5.32¢+ 2 | 74.31 | 13.36 2.3
Mn Ko 5898.8 | 4:29¢+2 | 74.39 | 11.72 2.1
Co Ka 6930.3 | 2.84e+2 | 7417 | 914 1.8
Ni Ka 7478.2 | 2.34e+2 | 73.93 | 812 1.7
Cu Ka 8047.8 | 1.94e+2 | 7362 | 7.24 1.5
Ge Ka 9886.4 | 1.14e+2 | 72.06 | 522 1.3
Y Ko }{ 149880 | 1.53e+2 | 7419 | 1060 0.8
Mo Ko | 17479.0 | 1.04e+2 | 7628 | 8.45 0.7
Pd Ka | 21177.0 | 6.36e+1 | 7728 | . 6.25 0.6
Sn Ko | 25271.0 | 3.98¢e+1 | 77.54 | 4.66 0.5
Xe Ko | 29779.0 | 2.55¢+1 | 77.51 | 3.53 0.4

References: 1, 2, 4, 5, 7, 48, 52, 123, 125, 136, 223, 229, 232.
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po(barns/atom) = p(cm?/gm) x 327.08
E(keV)u(cm?/gm) = f2 x 213.63

Line E(eV) u(cm?/ gm) fi fa A (A)
H 102 | 3.84e+ 4 18.33 | 1215
He (ID 21.1 | 9.34e+ 4 9.22 | 587.6
Na L3 30.5 | 7.84e+ 4 11.19 | 406.5
Mg L2;3 49.3 | 5.32¢e+ 4 12.28 | 251.5
Al Lps 72.4 | 4.22¢+4 | 17.18 | 14.30 | 171.2
Si Laga 91.5 | 2.6le+4 | 20.03 } 11.18 | 135.5
Be K 1085 | 1.62e+4 | 20.29 { 822 | 114.3.
Sr M¢ 114.0 | 1.42¢+4 | 2033 | 7.56 | 108.8
Y M¢ 132.8 | 9.23e+3 | 1848 | 573 | 934
Zr M(¢ 151.1 | 7.78¢+3 } 16.27 | 5.51 82.1
B Ko 183.3 | 1.06e+4 | 13.08 | 9.07 | 676
Mo M(¢ 192.6 | 1.15e+ 4 | 13.01 | 10.40 64.4
Ar Le¢ 220.1 | 1.31e+ 4 | 1350 | 1346 | 563
C Ke 277.0 | 1.43¢+4 | 15.91 | 1858 44.8
Ag M¢ 311.7 | 1.44e4+ 4 | 1813 | 21.05 39.8
N Kea 392.4 | 1.34e4+ 4 | 23.22 | 24.57 31.6

‘Ti Le 452.2 | 1.24e+4 | 26.69 | 26.29 | 274
V Lo 511.3 | 1.15e+ 4 | 30.28 | 27.47 24.2
O Ko 524.9 | 1.12¢+ 4 | 31.10 | 27.60 23.6
Cr L& 572.8 | 1.04e+ 4 | 33.60 | 27.86 21.6
Mn Lo 637.4 | 9.45e+ 3 | 36.73 | 28.20 19.5
F Ko 676.8 | 8.88¢+ 3 | 38.79 | 28.15 18.3
Fe Lo 705.0 | 8.46e+ 3 | 40.06 | 27.92 17.6
Co Lo 776.2 | 7.48e+ 3 | 43.10 | 27.19 16.0
Ni Lo 851.5 | 6.52¢+ 3 | 45.57 | 26.00 14.6
Cu L« 929.7 | 5.70e+3 | 47.71 | 24.80 13.3
Zn Lo 1011.7 | 4.92¢+ 3 | 49.63 | 23.32 12.3
Na Ko 1041.0 | 4.68e+ 3 | 50.23 | 22.80 11.9
Ge Lo "1188.0 | 3.57¢+3 | 52.00 ] 19.85 10.4
Mg Ko 1253.6 | 3.20e+ 3 | 52.38 | 18.80 9.9
Al Ko 1486.7 .| 2.25¢+ 3 | 52.64 | 15.68 8.3
Si Kea 1740.0 | 1.6le+ 3 | 51.19 | 13.15 7.1
Zr Lo 2042.4 | 1.14e+ 3 | 45.05 | 10.87 6.1
Mo L« 2203.2 | 3.09¢+ 3 | 36.18 | 33.16 5.4
Cl Ko 2622.4 | 2.56e+ 3 | 55.57 | 31.42 4.7
Ag Lo 2984.3 | 2.17e+ 3 | 62.93 | 30.25 4.2
Ca Ko 3691.7 | 1.44e+ 3 | 70.60 | 24.85 34
Ti Ke 45108 | 8.83e+2 | 74.12 | 18.65 2.7
V Ko« 4952.2 | 7.00e+ 2 | 74.86 | 16.23 2.5
Cr Ko 5414.7 | 5.59¢+ 2 | 75.26 | 14.18 2.3
Mn Ko 5898.8 | 4.50e+2 | 75.41 | 12.43 2.1
Co Ko 6930.3 | 298¢+ 2 | 75.29 | 9.68 1.8
Ni Ko 74782 | 2.46e+2 | 75.08 | 8.60 1.7
Cu Ko 8047.8 | 2.03e+2 | 7479 | 7.66 1.5
Ge Ko 9886.4 | 1.20e+2 | 73.41 | 5.54 1.3
Y Ko | 14988.0 | 1.59¢+2 | 7444 | 1118} o8
Mo Ka | 17479.0 | 1.08¢+2 | 77.08 | 8.84 0.7
Pd Ko | 211770 | 656e+1 | 7822 | 6.50 0.6
Sn Ko | 25271.0 | 4.10e+41 | 78.51 4.85 0.5
Xe Ko | 297790 | 263e+1 | 7850 { 3.67 0.4

Gold (Au)
Z=179

Atomic Weight = 196.967
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Lygr 119187 eV My 2743.0 eV Nppp 546.3 eV Opp 572 eV®
. Mpy 2291.1 eV Npy 353.2 eV? )
My 2205.7e¢V Ny 335.1eV°
Nyp 876 eV
NVII 83.9 eV"

References: 2, 4, 7, 11, 25, 28, 31, 48, 79, 95, 99, 100, 107, 108, 110, 122, 123, 126, 136, 149, 175, 177, 185, 188, 200, 206, 223, 229, 232.

110



#a(barns/atom) = u(cm?/gm) x 333.09
E(keV)u(cm?/gm) = f2 X 209.77

Line E(eV) u\(cmz/ gm) fi B 3 A (A)
H 10.2 | 6.29¢ + 4 30.56 | 1215
He (II) 21.1 | 6.53e+ 4 6.57 | 587.6
Na L3 305 | 81le+4 11.80 | 4065
Mg L3 . 49.3 | 8.10e+ 4 19.04 | 251.5
Al Logs 72.4 | 5.23e+4.| 16.07 | 18.04 | 171.2
Si Lgs 91.5 | 3.09¢+4 | 19.84 | 13.48 | 135.5
Be K- 108.5 | 1.95e+4 | 20.73 | 10.08 | 114.3
Sr M¢ 114.0 | 1.64e4+ 4 | 20.84 | 8.92 | 108.8
Y M¢ 132.8 | 9.66e+3 | 19.08 | 611 | 934
Zr M¢ 151.1 | 6.75e+ 3 | 16.70 | 4.86 | 82.1
B Ko 183.3 | 7.39¢e+3 | 12.21 | 6.46 | 67.6
Mo M(¢ 192.6 | 8.10e+3 | 11.34 | 7.44 | 644
Ar L¢ 220.1 | 1.05¢+4 | 959 | 11.06 | 563
C Ka 2770 | 1.43e+4 | 9.99 | 1893 | 448
Ag M¢ 311.7 | 1.58¢e+4 | 12.25 | 2346 | 39.8
N Ko« | 3924 | 157e+4 | 2016 | 29.41 31.6
Ti La 452.2 | 1.43¢+ 4 | 25.83 | 30.82 27.4
V La 511.3 | 1.27e+4 | 30.10 | 31.07 | 24.2
0 Ka 524.9 | 1.24e+4 | 31.04 | 31.05 23.6
Cr La 572.8 | 1.12¢+ 4 | 33.36 | 30.56 | 21.6
Mn Lo 637.4 | 1.04e+4 | 36.60 | 31.63 | 195
F Ko 676.8 | 9.76e+3 | 39.13 | 31.49 | 183
Fe La 705.0 | 9.26e+ 3 | 40.82 | 31.12 17.6
Co Lo | 7762 | 7.95e+3 | 4372 | 2042 | "16.0
Ni Lo 851.5 | 7.14e+ 3 | 46.50 | 28.97 | 14.6
Cu Lo 1 929.7 | 6.10e+ 3 | 49.34 | 27.04 | 133
Zn Lo 1011.7 | 5.21e+ 3 | 51.25.| 25.12 12.3
Na Ko 1041.0 | 4.92e+ 3 | 51.81 | 24.41 11.9
Ge La 1188.0 | 3.76e+3 | 53.50 | 21.30 | 10.4
Mg Ko 1253.6 | 3.37¢e+3 | 5391 | 2014 | 9.9
Al Ka 1486.7 | 2.38¢+ 3 | 54.39 | 16.84 8.3

1Si- Kae' | 1740.0-| 1.70e+ 3 | 53.43 | 14.09 7.1
Zr La 2042.4 | 1.19¢+ 3 | 49.22 | 11.61 6.1
Mo La 2293.2 | 1.77e+ 3 | 34.02 | 19.31 5.4
Cl Ka 2622.4 | 2.63e+ 3 | 54.39 | 32.86 4.7
Ag Lo 2984.3 | 2.24e+ 3 | 61.87 | 31.88 4.2
Ca Ka 3691.7 | 1.48e+3 | 70.45 | 26.08 | " 3.4
Ti Ko 4510.8 | 9.13e+2 | 74.76 | 19.64 2.7
V Ko 49522 | 7.24e+2 | 75.66 | 17.10 2.5
Cr Ko 5414.7 | 5.79e+2 | 76.17 | 14.94 2.3.
Mn Ko 5808.8 | 4.66e+2 | 76.38 | 13.10 21
Co Ka 6930.3 { 3.09e+2 | 76.35 | 10.20 1.8
Ni Ke 7478.2 | 2.54e+ 2 | 76.20 | '9.05 1.7
Cu Ko 8047.8 | 2.10e+ 2 | 75.95 | - 8.06 1.5
Ge Ko 9886.4 | 1.24e+2 | 7472 | 5.83 1.3
Y Ko | 149880 | 1.63e+2 | 73.80 | 11.66 0.8
Mo Ko -} 17479.0 | 1.12¢+2 | 77.64 | 9.30 0.7
Pd Ko | 21177.0 | 6.81e+1 | 79.04 | 6.88 0.6
Sn Ko | 25271.0 | 4.27e+1 | 79.44 | 515 0.5
Xe Ko | 29779.0 | 2.75e+1 | 79.47 | 3.90 0.4

References: 14.
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Mercury (Hg)
Z =80
Atomic Weight = 200.590
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. ua(barns/ at;om) = p(cm?/gm) x 339.37

E(keV)u(cm?/gm) = f2 x 205.89

Line E(eV) |u(cm¥gm)| f f2 2 (A)
H 10.2 | 3.51e+ 4 17.40 | 1215
He (ID) 21.1 | 4.16e+4 4.27 | 587.6
Na L»;3 30.5 | 6.56e+ 4 9.72 | 406.5
Mg Lz;3 49.3 | 8.35e+ 4 20.00 |{ 251.5
Al Io3 72.4 | 5.74e+ 4 | 17.26 | 20.20 | 171.2
Si Las 91.5 | 3.34e+4 | 21.91 | 14.85 | 135.5
Be K 108.5 | 2.04e+4 | 23.11 | 10.74 | 114.3
Sr M¢ - 114.0 | 1.73e+4 | 2311 | 9.56 | 108.8
Y M¢ 132.8 | 1.03e+4 | 21.42 | 6.63 93.4
Zr M¢ 151.1 | 6.99e+ 3 | 19.61 | 5.3 82.1
B Ka 183.3 | 5.98¢+ 3 | 15.00 | 5.32 67.6
Mo M¢ 192.6 | 6.67e+3 | 13.93 | 6.24 64.4
Ar L¢ 220.1 | 8.68e¢+3 | 11.89 | 9.28 56.3
C Ko . 277.0 | 1.26e+4 | 11.44 | 16.94 44.8
Ag M(¢ 311.7 | 1.3%9¢+4 | 13.06 | 21.06 | 39.8
N Ko '392.4 | 1.45e+4 | 19.44 | 27.68 31.6
Ti Lo 452.2 | 1.37e+ 4 | 24.88 | 30.04 27.4
V Lo 511.3 | 1.25e+ 4 | 29.39 | 30.93 24.2
0 Ko 524.9 | 1.22¢+ 4 | 30.43 | 31.03 23.6
Cr La 572.8 | 1.10e+4 | 33.56 | 30.67 21.6
Mn Lo 637.4 | 9.71e+ 3 | 35.65 | 30.06 19.5
F Ko 676.8 | 9.64e+ 3 | 37.32 | 31.70 18.3
Fe Lo 705.0 | 9.29¢+ 3 | 39.60 | 31.81 17.6
Co Lo 776.2 | 8.03¢+ 3 | 43.08 | 30.26 16.0
Ni La 851.5 | 7.26e+ 3 | 46.09 | 30.04 14.6
Cu Lo 929.7 | 6.27e+ 3 | 49.16 | 28.33 13.3
Zn Lo 1011.7 | 5.44e+ 3 | 51.51 | 26.71 12.3
Na Ko 1041.0 | 5.14e+ 3 | 52.29 | 25.98 11.9
Ge Lo 1188.0 | 3.92e+ 3 | 54.50 | 22.60 10.4
Mg Ko 1253.6 | 3.51e+ 3 | '55.05 | 21.35 9.9
Al Ko 1486.7 | 2.46e+ 3 | 55.90 | 17.79 8.3
Si- Ko | 1740.0-}-1.76e+ 3 | 55.39 | 14.91 7.1
Zr. Lo 2042.4 | 1.2de+ 3 | 52.46 | 12.27 6.1
Mo La 2293.2 | 9.48¢+ 2 | 44.33 | 10.56 5.4
Cl Ko 2622.4 | 2.71e+ 3 | 51.72 | 34.56 4.7
Ag Lo 2984.3 | 2.14e+ 3 | 56.98 | 30.98 4.2
Ca Ko 3691.7 | 1.48¢+4 3 | 70.11 | 26.46 3.4
Ti Ko 45108 | 9.32¢+2 | 75.25 | 20.43 2.7
V Ko 4952.2 | 7.4le+ 2 | 76.32 | 17.83 2.5
Cr Ka 5414.7 | 5.93e+2 | 76.96 | 15.60 2.3
Mn Ko 5898.8 | 4.78¢+ 2 | 77.27 | 13.70 2.1
Co Ko 6930.3 | 3.17e+2 | 77.37 | 10.67 1.8
Ni Ko 74782 | 261e+2 | 77.26 | 9.48 1.7
Cu Ka 8047.8 | 2.16e+2 | 77.05 | 8.45 1.5
Ge Ko 9886.4 | 1.27e+2 | 75.97 { 6.11 1.3
Y Ko | 14988.0 | 1.47e+ 2 | 73.36 | 10.67 0.8
Mo Ko | 17479.0 | 114e+4+2 | 7819 | 9.70 0.7
Pd Ko | 211770 | 696e+1 | 7987 | 7.16 0.6
Sn Ko | 25271.0 | 4.37e+1 | 80.35 | 5.36 0.5
Xe Ko | 29779.0 | 2.82¢+1 | 80.42 | 4.08 0.4

Thallium (T1) -

Z =81

Atomic Weight = 204.370
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Ka(barns/atom) = p(cm?/gm) x 344.07
E(keV)u(cm?/gm) = f2 x 203.08 :

Line E(eV) |u(ecm¥gm)| £ f2 A (A)
H 102 | 9.44e+ 4 47.41 | 1215
He (II) 211 | 4.75e+ 4 4.94 | 587.6
Na L2;3 305 | 4.12¢+4 | 6.19 | 406.5
Mg Lz 49.3 | 7.38e+ 4 17.91 | 251.5
Al Lzgs 72.4 | 6.24e+4 | 1564 | 22.24 | 1712
Si Lz 91.5 | 4.07e+ 4 | 23.96 | 18.34 | 135.5
Be K 1085 | 2.30e+4 | 26.76 | 12.28 | 114.3
Sr M(¢ 114.0 | 1.8le4 4 | 26.67 | 10.15 | 108.8
Y M¢ 132.8 | 1.04e+4 | 2413 | 6.79 | 934
Zr M¢ 151.1 | 7.16e+3 | 22.63 | 533 | 821
B Ka 183.3 | 4.76e+3 | 1875 | 430 | 67.6
Mo M(¢ 192.6 | 4.73¢+3 | 1762 | 4.49 | 644
Ar Le¢ 220.1 | 6.00e+3 [ 14.30 | 651 | 563
C Ka 277.0 | 1.04e4+4 | 11.87 | 1418 | 44.8
Ag M(¢ 311.7, | 1.24e+4 | 13.00 | 1910 | 39.8
N Ko 392.4 | 1.39e+4 | 1942 | 26.81 | 31.6
Ti La 452.2. | 1.3le+4 | 24.31 | 2918 | 27.4
V La 511.3 | 1.21e+4 | 29.20 | 30.40 | 24.2
O Ka 524.9 | 1.18e+4 | 30.13 | 3046 | 23.6
Cr Lo 572.8 | 1.08e+4 | 33.04 | 30.52 | 21.6
Mn Lo 637.4 | 9.70e+3 | 36.24 | 30.46 | 19.5
F Ka 676.8 | 9.17e+ 3 | 37.91 | 3055 | 18.3
Fe La .| 7050 | 883e+3 | 39.15 | 30.65 | 17.6

| Co Lo 776.2 | 8.0le+ 3 | 42.47 | 30.60 | 16.0
Ni. Lo 851.5 | 7.12e+ 3 | 45.55 | 29.87 | 14.6
Cu Lo 929.7 | 6.4le+3 | 4862 | 29.34 | 13.3
Zn La 1011.7 | 552e+3 | 51.60 | 27.52 | 12.3
Na Ko 1041.0 | 5.22¢+3 | 52.39 | 26.78 | 11.9

. Ge Lo 1188.0 | 4.0l1e+ 3 | 54.86 | 2346 | 10.4
Mg Ka | 12536 | 3.60e+3 | 55.52 | 2222 9.9
Al Ko 1486.7 | 2.56e+ 3 | 56.80 | -18.73 8.3
8i Ko 1740.0 | '1.83¢+ 3 | 56.77 | 15.71 7.1
Zr Lo 2042.4 | 1.29¢+ 3 | 54.70 {.12.98 6.1
Mo Lo 22932 | 9.94e+2 | 49.82 | 11.23 5.4
Cl Ko 2622.4 | 2.50e+ 3 | 43.96 | 32.32 4.7
Ag Lo 2984.3 | 2.06e+ 3 | 59.20 | 30.24 4.2
Ca Ko 3691.7 | 1.51e+ 3 | 70.08 | 27.36 3.4
Ti Ka 45108 | 9.66e+ 2 | 75.78 | 21.45 2.7
V Ka 4952.2 | 7.67e+2 | 77.02 | 1870 2.5
Cr Ka 5414.7 | 6.14e+2 | 77.76 | 16.37 2.3
Mn Ko 5898.8 | 4.95e+2 | 78.15 | 14.39 2.1
Co Ka 6930.3 | 3.30e+2 | 78.36 | 11.25 1.8
Ni Ka 7478.2 | 2.72¢+2 | 78.29 | 10.01 17
Cu Ka 8047.8 | 2.25e+2 | 7813 | 8.94 1.5
Ge Ka 9886.4 | 1.33e+2 | 77.23 | 6.48 1.3
Y Ko | 149880 | 1.09+2 | 73.90 | 8.01 0.8
Mo Ko | 174790 | 1.18¢+ 2 | 7863 | 10.a12 0.7
Pd Ko | 21177.0 | 7.19¢+1 | 80.67 | 7.50 0.6
Sn Ka | 25271.0 | 4.52¢+1 | 81.26 | 5.62 0.5
Xe Ko | 29779.0 | 2.92¢+1 | 81.38 | 4.28 0.4

References: 4, 16, 25, 99, 102, 131, 152, 169, 177, 188, 229.
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pa(barns/atom) = p(cm?/ gm) x 347.03
E(keV)u(cm?/gm) = f2 x 201.35

Line E(eV) |u(cm?¥gm) f i Y A (A)
H 102 | 1.11e+ 5 56.46 | 1215
He (ID) 21.1 | 1.70e+ 4 1.78 | 587.6
Na Lo 30.5 | 3.38¢+ 4 5.11 | 406.5
Mg L3 49.3 | 6.87e+ 4 | . 16.83 | 251.5
Al Lo 72.4 | 7.95e+4 | 11.05 | 28,58 | 171.2 |
Si Log 91.5 | 5.33¢+4 | 2400 | 24.21 | 135.5
Be K 108.5 | 3.0l1e+4 | 29017 | 16.20 | 114.3
Sr M¢ 114.0 | 2.42e+4 | 29.36 | 13.71 | 1088
Y M¢ 132.8 | 1.20e+ 4 } 2725 | 7.91 93.4
Zr M¢ 151.1 | 7.99¢+ 3 | 24.88 | 5.99 82.1.
B K« ' 183.3 | 4.58¢+ 3 | 20.52 4.17 67.6
Mo M(¢ 192.6 | 4.50e+ 3 | 19.28 | 4.31 64.4
Ar L¢ 220.1 | 5.37e¢+3 | 15.92 | 5.87 56.3
€ Ka 277.0 | 9.28¢+ 3 | 12.64 { 12.77 44.8 |
Ag M(¢ 311.7 | 1.14e+ 4 | 13.03 | 17.58 39.8
N Ko« 392.4 | 1.29¢e+ 4 | 17.88 | 25.05 | 31.6
Ti Lo 4522 | 1.30e+ 4 | 21.90 | 29.13 27.4
V Lo 511.3 | 1.26e+ 4 | 26.84 | 31.93 24.2
O Ko 524.9 | 1.24e+ 4 | 28.04 | 32.36 23.6
Cr Lo 572.8 | 1.15e+4 | 32.50 | 32.82 21.6

“Mn Lo 637.4 | 1.01e+ 4 | 36.64 | 32.01 19.5
F Ko 676.8 | 9.32¢+ 3 | 38.39 | 31.34 18.3
Fe Lo 705.0 | 888e+3 | 39.01 | 31.08 17.6
Co Lo 776.2 | 8.48e+3 | 42.22 | 32.71 16.0
Ni Lo 851.5 | 7.38¢+3 | 46.45 | 31.20 14.6
Cu La 929.7 | 6.40e+ 3 | 48.88 | 29.54 13.3
Zn Lo 1011.7 | 5.75e+ 3 | 51.41 | 28.90 12.3
Na Ko 1041.0 | 5.46e+4 3 | 52.51 | 28.24 11.9

| Ge La 1188.0 | 4.22e+ 3 | 55.49 | 24.89 10.4
Mg Ko | 1253.6 | 3.80e+ 3 | 56.30 | 23.64 9.9
Al Ko 1486.7 | 2.71e+ 3 | 58.03 | 20.03 8.3
Si- Ko | 1740.0-|-1.95e+ 3 | 5844 | 16.85 7.1
| Zr Lo 2042.4 | 1.37e+ 3 | 57.09 | 13.91 6.1
Mo La 2293.2 | 1.05e+ 3 | 53.80 | 11.98 5.4
Cl Ko 2622.4 | 1.49¢+ 3 | 37.89 | 19.38 4.7
Ag Lo 2984.3 | 2.13e+ 3 | 59.59 | 31.63 4.2
Ca Ko 3691.7 | 1.51e+ 3 | 69.86 | 27.61 3.4
Ti Kea 4510.8 | 9.94e+2 | 76.13 | 22.26 2.7
V Ko 4952.2 | 7.92e4+ 2 | 77.61 | 19.47 2.5
Cr Ko 5414.7 | 6.35e+2 | 7852 | 17.08 2.3
Mn Ko 5898.8 | 5.13e+ 2 | 79.02 | 15.02 2.1
Co Ka 6930.3 | 3.4le+2 | 79.37 | 11.73 1.8
Ni Ko 7478.2 | 2.81e+ 2 | 79.34 | 10.43 1.7
Cu Ko 8047.8 | 2.33¢+2 | 79.22 | 9.30 1.5
Ge Ko 9886.4 | 1.37e+2 | 78.41 6.73 1.3
Y Ko | 149880 | 1.13e4+2 | 75.94 | 8.38 0.8
Mo Ko | 17479.0 | 1.21e+ 2 | 78.89 | 1050 0.7
Pd Ko | 21177.0 | 7.47e+1 | 81.39 | 7.85 0.6
Sn Ko | 25271.0 | 4.72¢+1 | 8214 | 5.92 0.5
Xe Ko | 297790 | 3.05e+1 | 82.34 | "4.52 0.4

References: 20, 25, 99, 110, 122, 145, 185.
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ta(barns/atom) = p.(cmz/ gm) X 347.06

E(keV)u(cm?/gm) = f2 x 201.33

Line E(eV) |u(cm*/gm)| fi f2 A (4)
H 10.2 | 9.75e+ 4 49,42 | 1215
He (II) 21.1 | 34le+ 4 | 3.57 | 587.6
Na Lo 30.5 | 1.40e+ 4 2.13 | 406.5
Mg L2 49.3 | 5.59¢4 4 13.68 | 251.5
Al Lps 72.4 | 7.32¢+4 | 863 | 2632 | 171.2
Si Les 91.5 | 5.59e+ 4 | 22.16 | 25.41 | 135.5
Be K 108.5 | 3.28¢+4 | 27.21 | 17.70 | 114.3
Sr M¢ 114.0 | 2.79¢+ 4 { 27.94 | 15.82 | 108.8
Y M¢ 132.8 | 1.64e+4 | 2667 | 10.82 | -93.4
Zr M(¢ 151.1 | 1.04e+ 4 | 26.46 | 7.82 82.1
B Ko 183.3 | 490e+3 | 2257 | 4.46 67.6
Mo M(¢ 192.6 | 4.37¢+3 | 21.54 | 418 64.4
Ar L¢ | 2201 | 365e+3 | 1791 | 3.99 56.3
C Ka 277.0 | 6.94e+3 | 11.27 | 9.54 44.8
Ag M¢ 311.7 | 9.79¢+ 3 | 10.30 | 15.15 39.8
N Ko 392.4 | 1.32¢+ 4 | 13.33 | 25.73 31.6
Ti Lo 452.2 | 1.45e+4 | 18.20 | 32,52 | 274
V La 511.3 | 1.43e+4 | 26.18 | 36.20 24.2
0 Ko 524.9 | 1.40e+ 4 | 27.91 | 36.51 23.6
Cr Lo 572.8 | 1.27e+ 4 | 33.36 | 36.20 21.6°
Mn Lo 637.4 | 1.07e+4 | 38.00 | 33.74 19.5
| F Ko 676.8 | 9.76e+ 3 | 39.21 | 32.80 18.3
Fe Lo 705.0 | 9.32¢+ 3 .| 39.70 | 32.63 17.6
Co Lo 776.2 | 8.91e+ 3 | 43.00 | 34.34 16.0
Ni Lo 851.5 | 7.74e+ 3 | 47.37 | 32.72 14.6
Cu L« 929.7 | 6.71e+ 3 | 49.87 | 30.98 13.3
Zn Lo 1011.7 | 6.04e+ 3 | 52.52 | 30.34 12.3
Na Ko 1041.0 | 5.74e+ 3 | 53.70 | 29.66 11.9
Ge Lo 1188.0 | 4.42e+ 3 | 56.90 | 26.10 10.4
Mg Ko 1253.6 | 3.98¢+ 3 | 57.77 | 24.76 9.9
Al Ko 1486.7 | 2.83¢+ 3 | 59.67 | 20.92 8.3
Si - Ko 1740.0 -| -2.04e+ 3 | 60.29 | 17.60 7.1
Zr Lo 2042.4 | 1.43e+ 3 | 59.41 | 14.55 6.1
Mo Lo 2293.2 | 1.10e+ 3 | 57.09 | 12.55 5.4
Cl Ko 2622.4 | 8.02¢+ 2 | 45.12 | 1045 4.7
Ag Lo | 29843 | 2.23e+3 | 57.80 | 32.98 4.2
Ca Ko 3691.7 | 1.52¢+ 3 | 70.31 | 27.88 34
Ti Ka 4510.8 { 1.03e+ 3 | 76.52 | 23.03 2.7
V Ka 4952.2 | 818e+ 2 | 78.24 | 20.13 2.5
Cr Ko 5414.7 | 6.56e+2 | 79.28 | 17.66 2.3
Mn Ko | 5898.8 | 5.30e+2 | 79.87 | 15.54 2.1
Co Ko 6930.3 | 3.53e+2.| 80.34 | 12.16 1.8
Ni Ka | 74782 | 2.91e+ 2 | 80.36 | 10.82 1.7
Cu Ko 8047.8 | 2.42¢+2 | 80.28 | 9.66 1.5
Ge Ko 9886.4 | 1.42e+2 | 79.70 | - 6.98 1.3
Y Ko | 149880 | 1.18+2 | 76.81 | 876 0.8
Mo Ko | 17479.0 { 1.25¢+2 | 78.88 | 10.85 0.7
Pd Ko | 21177.0 | 7.79¢+1 | 82.11 | 8.19 0.6
Sn Ko | 25271.0 | 4.94e+1 | 83.02 | 620 0.5
Xe Ko | 29779.0 | 3.20e+1 | 83.29 | 474 0.4
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' Z =84
Atomic Weight = 209.000
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ta(barns/atom) = u(cm?/gm) x Mé.72 .
E(keV)u(cm?/gm) = f2 x 200.37

Line " E(eV) |u(cm?/gm)| £ £ X (A)
H 10.2 | 1.75¢+ 5 88.95 | 1215
He (I 211 | 6.21e+ 4 6.54 | 587.6
Na Los 30.5 | 1.46e+4 2.22 | 406.5
Mg Lzs 49.3 | 2.84e+ 4 6.99 | 251.5
Al Lo 72.4 | 819 +4 | 2.81 | 2958 | 171.2
Si Logs 91.5 | 6.65e+4 | 21.70 | 30.35 | 135.5
Be K - 108.5 | 4.04e+ 4 | 29.56 | 21.88 | 114.3
Sr M¢ 114.0 | 3.30e+ 4 | 30.85 | 18.80 | 1088
Y M¢ 132.8 | 1.91e4 4 | 29.78 | 12.69 93.4
Zr M¢ 151.1 | 1.17e4+ 4 | 2959 | 8.80 82.1
B Ka 183.3 | 4.17e+3 | 25.44 | 3.81 67.6
Mo M¢ 192.6 | 3.62¢+ 3 | 24.03 | 3.48 64.4°
Ar Lé¢ | 2201 | 3.03¢e4+3 | 2062 | 3.32 56.3
C Ko 277.0 | 4.41e+3 | 1341 | 6.09 44.8
Ag M¢ 311.7 | 7.74e+ 3 | 10.51 | 12.03 39.8
N Ko« 392.4 | 1.22¢+ 4| 13.48 | 23.89 31.6
Ti Lo 452.2 | 1.28¢+4 | 18.18 | 28.95 27.4
V Lo 511.3 | 1.30e+ 4 | 23.06 | 33.11 24.2
0 Ko« 524.9 | 1.29e+ 4 | 24.58 | 33.82 23.6
Cr Lo 572.8 | 1.22e+ 4 | 29.07 | 34.87 21.6
Mn Lo 6374 | 1.11e+4 | 34.51 | 35.42 19.5
F Ko 676.8 | 1.03e+ 4 | 37.40 | 34.89 18.3
Fe Lo 705.0 | 9.77¢+ 3 | 39.07 | 34.36 17.6
Co Lo 776.2 | 8.48e+ 3. | 41.47 | 32.87 16.0
Ni Lo 851.5 | 8.11e+ 3 | 44.81 | 34.46 14.6
Cu La 929.7 | 7.07e+ 3 | 49.22 | 32.80 13.3
Zn La 1011.7 | 6.10e+ 3 | 51.98 | 30.79 12.3
Na Ko 1041.0 | 5.79¢+ 3 | 52.71 | 30.10 11.9
Ge La 1188.0 | 4.65¢+ 3 | 55.71 | 27.54 10.4 |
Mg Ko 1253.6 | 4.24e+ 3 | 56.92 | 26.52 9.9
Al Ko 1486.7 | 3.05e+ 3 | 59.68 | 22.61 8.3
Si- Ka 1740.0-|-2.20e+ 3 | 60.83 | 19.12 7.1
Zr Lo 2042.4 | 1.56e4+ 3 | 60.49 | 15.86 . 6.1,
Mo Lo 2293.2 | 1.20e+ 3} 58.86 | 13.70 5.4
Cl Ka 2622.4 | 8.73¢+2 | 52.44 | 11.42 4.7
Ag La 2984.3 | 2.40e+ 3 | 50.79 | 35.70 4.2
Ca Ko 3691.7 | 1.63e+ 3 |.69.81 | 30.11 3.4
Ti Ko 4510.8 | 1.10e+ 3 | 76.51 | 24.76. 2.7
V Ka 49522 | 879+ 2 | 7872 | 21.72 2.5
Cr Ko 5414.7 | 7.06e+ 2 | 80.04 | 19.08 2.3
Mn Ko 5898.8 | 5.71e+2 | 80.81 | 16.80 2.1
Co Ka 6930.3 | 3.80e+ 2 | 81.50 | 13.13 1.8
Ni Ko 7478.2 | 3.13e+ 2 | 81.58 | 11.67 1.7
Cu Ko 8047.8 | 2.59¢+ 2 | 81.55 | 10.40 1.5
Ge Ko 9886.4 | 1.51e+ 2 | 81.15 7.47 1.3

{Y Ko |14988.0 | 1.23e+2 | 77.15 | 9.23 0.8
Mo Ko | 17479.0 | 1.27e+2 | 78.46 | 11.07 0.7
Pd Ko | 211770 | 812¢+1 | 82.80 | 858 0.6
Sn Ko | 25271.0 | 5.14e+1 | 83.93 | 6.48 0.5
Xe Ka | 297790 | 3.33e+1 | 8425 { 4.95 0.4
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Mn 4008. eV Nn 886. eV*® OII 148. eV*®
My 3426. eV Nyiz  740. eV*® Oqpr 115, eV®
Miy. 2908.7 eV Npy 533. eV?® Opv  40. eV©®
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. a(barns/atom) = p(cm?/gm) x 368.65
E(keV)y(cm?/ gm) = f2 x 189.54

Line E(eV) |p(cm®/gm)| £ f2 X (A)
H 10.2 | 6.16e+ 4 33.13 | 1215
He (1IN 21.1 | 8.68e+ 4 9.66 | 587.6
Na Logs -30.5 | 2.88e+ 4 4.64 | 406.5
Mg Lz 3 493 | 7.18¢+ 3 1.87 | 251.5
Al Lapgs 724 | 6.67e+4 | -3.97 | 25.48 | 171.2
Si Las 91.5 | 7.06e+4 | 16.11 | 34.06 | 135.5
Be K 108.5 | 4.35e+ 4 | 29.79 | 24.89 | 114.3
Sr M¢ | 1140 | 349+ 4 | 30.71 | 21.01 | 1088
Y M¢ 132.8 | 1.99e+ 4 | 30.62 | 13.95 93.4
Zr M¢ 151.1 | 1.10e+ 4 | 29.77 | 8.77 82.1
B Ko 183.3 | 4.67e+3 | 25.81 4.52 67.6
Mo M¢ - 192.6 | 3.83e+3 | 24.63 | 3.89 64.4
Ar L¢ 2201 | 2.73¢e+3 | 21.19 | 3.a7 56.3
C Ko 277.0 | 3.46e+ 3 | 14.04 | 5.06 44.8
Ag M¢ 311.7 | 6.17e+ 3 | 10.29 | 10.15 39.8
N Ko 392.4 | 1.10e+ 4 | 11.54 | 22.70 31.6
Ti Lo 452.2 | 1.20e+ 4 | 16.43 | 28.51 27.4
V La 511.3 | 1.20e+ 4 | 20.67 | 32.49 24.2
0O Ko 524.9 | 1.21e+ 4 | 21.82 | 33.40 | 23.6
Cr La 572.8 | 1.19e+ 4 | 26.26 | 35.89 21.6
Mn Lo 637.4 | 1.10e+ 4 | 32.44 | 37.15 19.5
F Ka 676.8 | 1.02¢+ 4 | 35.73 | 36.58 18.3
Fe Lo - 705.0 | 9.73¢e+3 | 37.53 | 36.18 17.6
Co La 776.2 | 8.50e+ 3 | 40.25 | 34.80 16.0
Ni Lo 851.5 | 8.21e+ 3 | 44.26 | 36.89 14.6
Cu Lo - 929.7 | 7.06e+ 3 | 49.21 | 34.64 13.3
Zn Lo '1011.7 | 6.09e+ 3 | 52.03 | 32.49 12.3
Na Ko 1041.0 | 5.78¢+ 3 | 52.80 | 31.76 11.9
Ge Lo 1188.0 | 4.65e+ 3 | 56.02 | 29.14 10.4
Mg Ko 1253.6 | 4.25¢e+ 3 | 57.36 | 28.08 9.9
Al Ko 1486.7 | 3.05e+ 3 | 60.45 | 23.92 8.3
Si- Ko | 1740.0-| 2.20e+ 3 | 61.82 | 20.23 71
Zr Lo 2042.4 | 1.56e+ 3 | 61.79 | 16.82 6.1
Mo La 22932 | 1.20e+3 | 60.60 | 14.58 5.4
Cl K« 2622.4 | 8.84e+2 | 56.28 | 12.23 4.7
Ag La 2984.3 | 2.02e+ 3 | 43.15 | 31.80 4.2
Ca Ko 3691.7 | 1.68¢+ 3 | 68.62 | 32.68 3.4
Ti Ko 4510.8 | 1.10e+ 3 | 76.18 | 26.18 2.7
V Ka 4952.2 | 8.76e+4 2 | 79.17 | 22.90 2.5
Cr Ko 5414.7 | 7.03e+ 2 | 80.67 | 20.09 2.3
Mn Ko 5898.8 | 5.68¢+ 2 | 81.59 | 17.69 2.1
Co Ko 6930.3 | 3.79¢+ 2 | 82.39 | 13.85 1.8
Ni Ka 7478.2 | 3.12¢+ 2 | 82.48 | 12.33 1.7
Cu Ko 8047.8 | 2.59e+ 2 | 82.46 | 11.01. 1.5
Ge Ko 9886.4 | 1.53¢+2 | 81.99 | 7.98 1.3
Y Ko | 14988.0 | 1.22¢+2 | 77.73 | 9.68 0.8
Mo Ka | 17479.0 | 1.04e+2 | 78.04 | 9.58 0.7
Pd Ko | 21177.0 | 7.98¢+1 | 8356 | 8.91 . 0.6
Sn Ko | 25271.0 | 5.07e+1 | 84.79 | 6.77 0.5
Xe Ko | 29779.0 | 3.30e+1 | 85.19 | 5.18 0.4

Radon (Rn)
3 Z=86
Atomic Weight = 222.000
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Edge Energies
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Francium (Fr)

pa(barns/atom) = u(cm?/gm) x 370.31 . Z =87
E(keV)p(cm?/gm) = f2 x 188.69 _ Atomic Weight = 223.000
Line E(eV) |u{cm?gm)| £ f2 A (A) o v
" 102 [ 117e+3 0.63 | 1215 ® SN
He (1) 21.1 | 1.0l1e+5 11.30 | 587.6 10 /
Na L3 30.5 | 4.09e+ 4 ' 6.61 | 406.5
Mg Lys | 493 | 499+ 3 1.30 | 251.5 9 N\
Al Lo 72.4 | 627e+4 | -17.10 | 24.05 | 1712 /
Si Logs 91.5 | 821e+4 | 7.40 | 30.83 | 135.5 - @ /
Be K 108.5 | 5.95e+4 [ 27.74 | 34.23 | 114.3 o ~
Sr M¢ 114.0 | 4.96e+4 | 30.27 | 20.94 | 108.8 ®
Y M¢ 132.8 | 2.91e+4 | 32.92 | 2045 | 934 | /]
Zr M¢ 151.1 | 1.72¢+4 | 33.55 |'13.74 | 821 o %
B Ko 183.3 | 6.83e+3 | 3015 | 6.63 | 67.6 o
Mo M(¢ 192.6 | 5.33e+3 | 28.93 | 5.44 64.4
Ar L¢ 220.1 | 31543 | 25.07 | 367 | 563 10 100 1000 10000
C Ko 2770 | 2.87e+3 | 1793 | 4.22 44.8 8
Ag M¢ 311.7 | 4.08¢+3 | 1365 | 674 | 398 =
‘N Ko 392.4 | 9.52¢+3 | 10.59 | 19.81 | 31.6
Ti Lo 452.2 | 1.13e+4 | 1420 | 27.04 | 274 AT
V La 511.3 | 1.19e+4 | 19.29 | 3217 | 242 \ AN \
0 Ko 524.9 | 1.19e+4 | 20.38 | 32.97 | 23.6 \
Cr Lo 572.8 | 1.17e+4 | 24.06 | 35.48 | 216 LR \ L
Mn Lo 637.4 | 1.18e+4 | 30.82 | 39.79 | 195 | ' . 3 =N
F Ka 676.8 | 1.09¢e+4 | 35.80 | 39.09 | 183 A\ \/ X
Fe Lo 705.0 | 1.02¢+4 | 38.00 | 38.19 | 176 \
Co La 776.2 | 879+ 3 | 42.28 | 36.16 | 16.0
Ni Lo 851.5 | 7.65e+3 | 44.25 | 34.52 | 146 L J
Cu La 929.7 | 7.28¢+3 | 47.45 | 35.87 | 13.3
Zn Lo 1011.7 | 6.36e+ 3 | 51.69 | 34.08 | 12.3
Na Ko 1041.0 | 6.04e+3 | 52.65 | 33.32 | 11.9 “
Ge Lo | 11880 | 487¢e+3 | 56.47 | 3066 | 104 =
Mg Ko 1253.6 | 4.45¢+3 | 58.05 | 29.57 9.9 -
Al Ke 1486.7 | 3.18¢+3 | 61.56 | 25.04 8.3 -
Si- Ka | 17400-].229¢+3 | 63.15 | 21.14 71 g),
Zr Lo | 20424 | 1.62¢+3 | 6339 [ 17.58 | 61 X e
Mo La 22032 | 1.26e+3 | 62.56 | 15.28 5.4 £
Cl Ko 2622.4 | 9.26e+2 | 59.49 | 12.88 47 )
Ag La 2984.3 | 1.12¢+ 3 | 42.71 | 17.67 4.2 3 e
Ca Ko 3691.7 | 1.58¢+ 3 | 62.01 | 30.99 34 b oY
Ti Ko 4510.8 { 1.10e+ 3 | 76.35 | 26.23 27 | . Ml ======F e
V. Ka | 49522 | 912e+2 | 79.32 | 23.92 25 : — Tt T
Cr Ko 5414.7 | 7.31e+2 | 81.17 | 20.99 2.3 =
- 10 100 1000 . 10000
Mn Ko 5898.8 | 5.91e+2 | 82.28 | 18.48 21
Co Ka | 6930.3 | 3.94e4+2 | 83.28 | 14.47 18 E (eV)
Ni Ko 7478.2 | 3.25e+2 | 83.43 | 12.87 1.7
Cu Ko 8047.8 | 2.69¢+2 | 83.45 | 11.49 1.5 : )
Ge Ko | 9886.4 | 1.60e+2 | 8300 | 837 | 13 Edge Energies
Y Ko 14988.0 | 8.57e+1 75.91 6.81 0.8- Lr 18639. eV Mjp  4652. eV N; ,1153' eV: O1 234 eV:
MO Ko: 17479 0 P 36e+ 1 80 09 775 0 7 LII 17906.5 eV Mn 4327. eV NII 980. eV OII 182. eV
: - - - s . Ly 15031.2 eV My 3663. eV Ny 810. eV®  Opyp 140. eV®
Pd Ko 21177.0 | 8.28¢e41 84.17 9.30 0.6 | * Mypy 3136.2 eV Niy 603. eV® Opy 58 eV*®
Sn Ko | 25271.0 | 527¢e+1 | 85.63 | 7.06 0.5 My 2999.9e¢V Ny 577. eV® Oy 58 eVe
Xe Ko [ 29779.0 | 3.43e+1 | 8611 | 5.41 0.4 v Ny 268. eV*
. : T Ny 268. eV*
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o (barns/atom) = p(cm?/gm) x 375.33

E(keV)u(cm?/gm) = f2 x 186.17
Line E(eV) |u(cm¥gm)| £ f2 2 (A)
H 10.2 | 8.32¢+ 2 0.46 | 1215
He (II) 21.1 | 9.34e+ 4 10.58 | 587.6
Na Los 305 | 5.22e+4 8.56 | 406.5
Mg Lz 49.3 | 7.28¢+ 3 : 1.93 | 251.5
Al Lo 72.4 { 1.49e+ 4 | -15.99 | 5.81 | 171.2
Si Lo 91.5 | 8.82e+4 | - 7.80.| 43.37 | 135.5
Be K 108.5 | 5.92e+4 | 29.31 | 34.53"| 114.3
Sr M¢ 114.0 | 5.00e+ 4 | 32.12 | 30.62 | 108.8
Y M¢ 132.8 | 2.73e+4 | 36.02 | 19.51 | 934
Zr M¢ 1511 | 1.54e+ 4 | 35.290 | 12.48 | 821
B Ka 183.3 | 5.87e+ 3 | 31.58 | 5.78 67.6
Mo M(¢ 192.6 | 4.79¢e+3 | 30.29 | 4.95 64.4
Ar Le¢’ 220.1 | 2.78¢+3 | 27.18 | 3.29 56.3
C Ko 277.0 | 2.09e4+3 | 21.04 | 312 448
Ag M¢ 311.7 | 2.65e+ 3 | 17.10 | 4.44 39.8
N Ko 392.4 | 7.36e+3 | 10.01 | 15.52 31.6
Ti La 452.2 | 1.05e+4 | 13.42 | 25.44 27.4
V Lo 511.3 | 1.11e4 4 | 19.15 | 30.41 24.2
O K« 5249 | 111e4+4 | 2027 | 31.17 |- 236
Cr La 572.8 | 1.08e+ 4 | 23.61 | 33.36 21.6
Mn Lo 637.4 | 1.07e+ 4 | 2855 | 36.73 19.5
F Ko 676.8 | 1.05e+4 | 31.99 | 38.14 18.3
Fe Lo 705.0 | 1.03e+4 | 34.98 | 38.84 17.6
"Co La 776.2 | 899+ 3 | 40.98 | 37.49 16.0
Ni Lo 851.5 | 7.77e+ 3 | 44.81 | 35.55 | '14.6
Cu La 929.7 | 6.79¢e+ 3 | 46.53 | 33.91 13.3
'Zn Lo 1011.7 | 6.51e+ 3 | 49.44 | 3540 12.3
Na Ko 1041.0 | ‘6.2de4+ 3 | 51.19 | 34.87 11.9
Ge Lo 1188.0. | 5.07e+ 3 | 56.13 | 32.37 10.4
Mg Ko 1253.6 | 4.65e+ 3 | 58.09 | 31.31 9.9
Al Ko 1486.7 | 3.30e+ 3 | 62.29 | 26.36 8.3
Si- Ko | 1740.0-|2.38¢e+ 3 | 64.20 | 2220 | - 71
Zr Lo 20424 | 1.69e+3 | 64.80 | 1855 6.1
Mo La 2293.2 | 1.31e4+3 | 64.31 | 16.11 54
Cl Ko 2622.4 | 9.63e+2 | 62.06 | 13.56 4.7
Ag Lo 2984.3 | 7.10e+2 | 53.65 | 11.39 4.2
Ca Ko 3691.7 | 1.52¢e+3 | 66.10 | 30.11 3.4
Ti Ko 4510.8 | 1.13¢+ 3 | 75.78 | 27.38 2.7
V Ko 4952.2 | 9.38¢e+2 | 79.23 | 24.96 2.5
Cr Ko 5414.7 | 7.53e+2 | 81.67 | 21.91 2.3
Mn Ko 5898.8 | 6.09¢+ 2 | 82.98 | 19.29 2.1
Co Ko 6930.3 | 4.06e+2 | 84.21 | 15.11 1.8
Ni Ko 7478.2 | 3.35e+2 | 84.43 | 13.44 1.7
Cu Ko 8047.8 | 2.78+2 | 84.51 | 12.00 1.5
Ge Ko 9886.4 | 1.64e+2 | 84.28 | 870 1.3 :
Y Ko | 14988.0.| 5.32¢4+1 | 79.14 | 4.29 0.8
Mo Ko | 17479.0 | 864e+1 | 8149 | 811 | 07
Pd Ko | 21177.0 | 854e+1 | 8468 | 971 | - 06
Sn Ko | 25271.0 | 5.42e+1 | 86.45 | 7.36 0.5
Xe Ka | 20779.0 | 3.52¢+1 | 87.02 | 5.64 0.4
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M; 4822.0eV  Nj 12084eV  O; 254, eV®
MII 4489.5 eV Nn 1057.6 eV On 200. eV*®
My 3791.8eV | Nypy  879.1 ¢V Opyr 153. eV*
My 3248.4 eV Ny 6359 eV Oy 68. eV®
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pa(barns/atom) = p{cm?/gm) x 376.99
E(keV)y(cm?/gm) = f2 x 185.34

Line E(eV) |u(cm¥gm)| £ f2 X ()
H 10.2 | 2.09¢+ 4 11.48 | 1215
He (ID 21.1 | 7.54e+4 8.58 | 587.6
Na Lz 30.5 | 6.75e+ 4 11.11 | 406.5
Mg L2 " 49.3 | 8.80e+ 3 2.34 | 251.5
Al Logs 72.4 | 391e+3 | 257 | 1531} 171.2
Si Lo 91.5 | 7.15e+4 | -7.12 | 35.29 | 135.5
Be K 108.5 | 6.95e+ 4 | 20.01 | 40.69 | 114.3
Sr M¢ 114.0 | 6.27¢+4 | 27.50 | 3858 | 108.8
Y M¢ 132.8 | 3.29e+4 | 37.28 | 23.60 | 934
Zr M¢ 151.1 | 1.86e+ 4 | 37.58 | 15.16 | 82.1
B Ka 183.3 | 6.75¢+3 | 34.50 | 6.67 | 67.6
Mo M¢ 192.6 | 5.20e+3 | 33.09 | 540 | 644
Ar L¢ 220.1 | 3.05e+3 | 2074 | 3.62 56.3
C Ko 277.0 | 1.90e+3 | 2422 | 2.84 | 448
Ag M¢ 311.7 | 1.96e+3 | 2090 | 329 | 398
N Ka 392.4 | 5.46e+3 | 1094 | 11.56 | 31.6
Ti Lo 452.2 | 9.52¢+ 3 | 12.82 | 23.22 27.4
V Lo 511.3 | 1.08e+ 4 | 17.67 | 29.75 24.2
O Ko 524.9 | 1.10e+4 | 19.01 | 31.10 | - 23.6
Cr Le- 572.8 | 1.11e+ 4 | 23.90 | 3416 | 21.6
Mn Lo 637.4 | 1.05e+4 | 30.27 | 36.00 | 19.5
F Ka- 676.8 | 9.91e+ 3 | 32.73 | 36.19 | 18.3
Fe Lo 705.0 | 9.70e+ 3 | 34.65 | 36.91 17.6
Co L« 776.2 | 8.89e+ 3 | 39.79 | 37.25 16.0
Ni Lo 851.5 | 7.90e+ 3 | 44.51 | 36.31 14.6
Cu La 929.7 | 6.93e+ 3 | 46.83 | 34.75 13.3
Zn Lo 1011.7 | 6.62e+ 3 | 50.20 | 36.15 12.3
Na Ko 1041.0 | 6.34e+ 3 | 52.17 | 35.61 11.9
Ge Lo 1188.0 { 4.99¢+ 3 | 57.16 | 31.97 | 104
Mg Ko ' | 12536 | 4.53e+ 3 | 58.47 | 30.63 2.9
Al Ko 1486.7 | 3.41e+3 | 62.44 | 27.39 8.3
Si- Ko | 1740.0-|-2.48¢+ 3 | 65.21 | 23.31 7.1
Zr La 2042.4 | 1.76e+ 3 | 66.31 | 19.44 6.1
Mo Lo 22932 | 1.36e+ 3| 66.19 | 16.88 5.4.
Cl Ka 2622.4 | 1.00e+ 3 | 64.64 | 14.18 47
Ag Lo 2984.3 | 7.36e+2 | 59.56 | 11.85 4.2
Ca Ko | 3691.7 | 1.56e+ 3 | 66.22 | 30.99 34
Ti Ko 4510.8 | 1.09¢+ 3 | 76.76 | 26.63 2.7
V Ko 4952.2 | 9.38¢+2 | 79.14 | 25.06 2.5
Cr Ko 5414.7 | 7.71e+ 2 | 81.90 | 22.52 2.3
Mn Ko 5898.8 | 6.25e+ 2 | 83.48 | 19.89 21
Co Ko 6930.3 | 4.18¢+ 2 | 85.00 | 15.61 1.8
Ni Ka 7478.2 | 3.44e+ 2 | 85.31 { 13.89 1.7
Cu Ko 8047.8 | 2.85e+ 2 | 85.44 | 12.39 15
Ge Ko 98864 | 1.68¢+2 | 85.29 | 8.95 1.3
Y Ko | 149880 | 551e+1 | 81.43 | 446 0.8
Mo Ka | 17479.0 | 9.00e+1 | 82.22 | 8.49 0.7
Pd Ko | 21177.0 | 8.80e+1 | 84.86 | 10.06 0.6
Sn Ko | 25271.0 | 5.65¢e+1 | 87.12 | 7.70 0.5
Xe Ko | 29779.0 | 3.69e+1 | 87.86 | 5.93 0.4

20 40 60 80 100

o

100

p cm®/gm)
100 100 100 10 10
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Ly  19840. eV
Ly 19083.2 eV
L 15871.0 &V
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Actinium (Ac)

Z=89

Atomic Weight = 227.028

10 100 1000 10000
AY i
A \ V \
X A= N

7 AV
i

\ \

\

\

10 100 1000 10000
T —+rH —
R IR IR I

10 100 1000 10000

E (eV)
Edge Energies

-M;  5002. eV N; 1269. eV® Op 272. eV®
Mn 4656. eV Nn 1080. eV*® OII 215. eV?e
Mpr  3909. eV Npp  890. eV® Or1r 167. eV®
Mpy 3370.2eV  Npy 675. eV® Opy 80. eV®
My 3219.0eV Ny 639. eV® Oy  80. eV®

Nyp 319. eV©

Ny 319. eV°




Thorium (Th)

a(barns/atom) = pu(cm?/gm) x 385.31 o . _ Z=90
E(keV)u(cm?®/gm) = f2 x 181.34 : Atomic Weight = 232.038
Line E(eV) |u(cm¥gm)| £ f2 X (A) o

H 10.2 | 5.49¢ + 4 30.90 | 1215 s] ,

He (ID) 211 | 7.42e+4 8.63 | 587.6 L-}- A
‘Na Lg; 1305 | 7.53e+4 12.66 | 406.5 S y
Mg L3z 49.3 | 2.10e+ 4 571 | 251.5 |

Al Lags 72.4 | 775¢+3 | 1359 | 3.09 | 171.2 o /N

Si Los 915 | 344e+4 | 060 |17.35 | 1355 | - /

Be K 108.5 | 1.06e+ 5 | 28.32 | 63.66 | 114.3 o ~ Y

Sr M¢ | 1140 | 6.22e+4 | 42,65 | 39.11 | 108.8 ~ "\

Y M¢ 132.8 | 2.47e+4 | 41.96 | 18.09 | 93.4 N || M

Zr M¢ 151.1 | 1.35e+4 | 39.96 | 11.28 | 821 8 X N

B Ko 183.3 | 4.07e+3 | 3492 | 411 | 67.6 \

Mo M¢ 192.6 | 328¢+3 | 3362 | 348 | 644 o

Ar L¢ 220.1 | 2.39¢+3 | 3047 | 290 | 56.3 _ 10 - 100 1000 10000
C Ka 2770 | 223¢+3 | 2659 | 341 | 448 ‘ o ‘

Ag M¢ 311.7 | 2.26e+3 | 2457 | 3.89 | 39.8 Qo -

N Ko 392.4 | 4.08¢e+3 | 17.50 | 8.83 31.6 . i

Ti Lo 4522 | 688e+3 | 16.07 | 1715 | 274 o T —

V L« 511.3 | 8.57e+3 | 19.90 | 2417 | 24.2 ‘ .

0 Ka 524.9 | 8.66e+3 | 20.84 | 25.06 | 23.6

Cr La 572:8 | 8.85e+3 | 23.85 | 27.96 | 21.6 e d \ N

Mn Lo 637.4 | 8.89e+3 | 27.82 | 31.24 |- 195 — o~

F Ko .| 6768 | 885¢+3 (3045 | 33.03 | 183 H—r—1/ N\

Fe Lo 7050 | 8.78e+3 | 32.74 | 3415 | 176 4 \ 7

Co La 776.2 | 8.05e+3 | 38.08 | 3444 | 16.0

Ni Lo 8515 | 7.19e+3 | 41.79 | 33.77 | 14.6 v

Cu Lo 929.7 | 6.62¢+3 | 44.06 | 3395 | 133 b ‘ .

Zn Lo 1011.7 | 6.14e+ 3 | 47.31 | 34.27 12.3 10 100 1000 10000

Na Ko 1041.0 ] 6.27¢e+3 | 48.28 | 36.00 | 11.9 . '

Ge Lo 11880 | 5.01e+3 | 55.49 | 32.83 | 10.4 (o)

Mg Ko 12536 | 4.57e+3 | 57.08 | 31.58 | 9.9

Al Ko | 14867 | 350e+3 | 61.92 | 2867 | 83 e

Si- Ka | 1740.0-| 2.54e+3 | 65.34 | 24.37 71 £

Zr Lo 2042.4 | 1.81e+ 3 | 66.81 | 20.34 6.1 Do

Mo La 22932 | 1.40e+3 | 66.96 | 17.70 5.4 o

Cl Ka | 26224 | 1.03e+3 | 65.87 | 1494 | 47 g o

Ag La 2984.3 | 7.64e+2 | 62.30 | 12.57 4.2 -

Ca Ko | 3691.7 | 1.62e+3 | 63.90 | 32.88 34 3 “

Ti Ka 4510.8 | 1.14e+ 3 | 76.59 | 28.29 2.7 ‘ 2 ==

V Ko 4952.2 | 9.55¢+2 | 78.88 | 26.07 2.5 B e ey

Cr Ko 5414.7 | 8.02¢+2 | 81.91 | 23.94 2.3 o LI I LI LU LTI

Mn Ko 5898.8 | 6.49¢+2 | 83.90 | 21.12 21 ' 10 100 1000 10000

Co Ko 6930.3 | 4.34e+ 2 | 85.74 | 16.58 1.8 | . , E {eV)

Ni Ka 7478.2 | 3.58¢+2 | 86.14 | 14.75 1.7 .

Cu Ka 8047.8 | 2.97e+ 2 | 86.33 | 13.17 1.5 Edge Energies

Ge Ko | 98864 | 1.75e+2 | 86.20 | 957 | 13 ; o071 ev  M; 518236V Ny 1330 VS Op 200, €V®
Y Ka 14988.0 | 5.93e+1 | 83.35 4.90 0.8 | Ly 19693.2 eV Mp; 4830.4 eV Npy 1168 eV® O 229. eV*
Mo Ko | 17479.0 | 9.21e+1 | 82.80 | 8.88 0.7 | Lim 16300.3eV My 4046.1eV. Ny 966.4eV> Oy 182 eV®

Pd Ka | 21177.0 { 9.04e+1 | 85.02 | 10.56 0.6 Mry 8490.8eV  Npy 7121eV®  Opy 925eV?

Sn Ko | 25271.0 | 5.76e+1 | 87.93 | 8.03 0.5 ‘ My 33320eV Ny 6752eV® Oy 854 eV™

Xe Ko | 29779.0 | 3.76e+1 | 88.76 | 6.17 0.4 ' Nyp 342.4 eV

Ny 333.1eV?

References: 50, 104, 230. L :
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Protactinium (Pa)

pa(barns/atom) = p(cm?/gm) x 383.65 Z=91
E(keV)u(cm?/gm) = f» x 182.13 . » Atomic Weight = 231.036
Line E(eV) |u(cm?/gm) fi B A Q) o
H 10.2 | 3.15e+ 4 17.62 | 1215 <
He (ID) 21.1 | 4.54e+'4 5.26 | 587.6 L]
Na Lzs 305 | 7.94e+ 4 13.29 | 406.5 ) SN
Mg Lz 493 | 3.44e+4 9.30 | 251.5 / »
Al Lys 72.4 | 858¢+3 | 13.02 | 341 { 1712 o N
Si Lz 91.5 | 6.74e+3 | -3.81 | 3.39 | 135:5 - / v
Be K 108.5 | 8.75e+4 | -24.83 | 52.12 | 114.3 o /
Sr M¢ 1140 | 1.05e+5 | 35.00 | 65.89 | 108.8 < AN
Y M¢ 132.8 | 3.02¢e+4 | 39.37 | 22.01 | 934 N
Zr M( . 151.1 | 1.6le+4 | 37.42 | 13.37 82.1 g =q \‘
1B ka 183.3 | 7.29¢+3 | 33.34 | 7.34 | 67.6 \ M
Mo M(¢ 192.6 | 6.10e+3°| 3269 | 6.45 | 644 ) :
Ar L¢ 220.1 | 3.71e+3 | 30.52 | 4.48 | 56.3 10 100 1000 10000
C Ka 277.0 | 213e+3 | 25.76 | 324 | 448 o .
Ag M¢ 311.7 | 2.08¢+3 | 2330 | 355 | 39.8 o
N Ko 392.4 | 3.25e+3 | 1561 | 7.00 | 31.6 X
Ti La 452.2 | 6.42e+3 | 11.75 | 15.95 | 27.4 : —
V La 511.3 | 8.80e+3 | 14.35 | 24.70 | 242 \ 7 TR
0 Ko« 524.9°| 9.13e+3 | 1539 | 26.31 | 236 ‘\ N
Cr Le 572.8 | 9.76e+3 | 1962 | 3071 | 216 «Q N\ \ | \
Mn Lo 637.4 | 9.57¢+3 | 25.03 | 3348 | 195 b FEER—Y =
F Ka 676.8 | 9.32¢+3 | 26.37 | 3463 | 183 \— X
Fe Lo 705.0 | 9.70e+ 3 | 2813 | 37.53 | 17.6 ) \»
Co La 776.2 | 9.23e+3 | 36.40 | 39.34 | 16.0
Ni Lo 851.5 | 8.15e+3 | 42.02 | 38.10 | 146 \!
Cu Lo 929.7 | 7.12¢e+ 3 | 45.86 | 36.36 13.3 -

Zn Lo 1011.7 | 6.32¢+3 | 48.62 | 35.08 | 12.3 10 100 - 1000 10000

Na Ko 1041.0 | 6.05e+ 3 | 49.51 | 3457 | 11.9 :
Ge Lo 1188.0 | 5.17e+3 | 53.34 | 33.71 | 104
Mg-Koa 1253.6 | 4.84e+ 3 | 55.30 | 33.33 9.9

Al Ko 1486.7 | 3.73e+ 3 | 61.13 | 30.46 8.3 ©
1Si- Ko | 1740.0-} 2.74e+3 | 6497 | 2615 71 E

Zr Lo 2042.4 | 1.96e+ 3 | 66.85 | 21.97 6.1 D5

Mo La 22932 | 1.52¢+3 | 67.29 | 1015 5.4 =

Cl Ko | 26224 | 1.12¢+3 | 6657 | 1616 47 g o

Ag Lo 2984.3 | 8.28e+2 | 63.76 | 13.57 4.2 - -

Ca Ko 3691.7 | 1.86e+3 | 56.43 | 37.63 3.4 3

Ti Ko 45108 | 1.22¢+3 | 76.31 | 30.21 2.7 =

V K« 4952.2 | 9.95e¢+4 2 78.51 | 27.06 2.5 = A ———FF T 1 +
Cr Ko 5414.7 | 8.50e+ 2 | 81.59 | 25.28 2.3 o | AN AN N N NI 1 ! I
Mn Ko 5898.8 | 6.95¢+2 | 84.10 | 22.51 2.1 10 100 1000 10000
Co Ko 6930.3 | 4.65e+2 | 86.30 | 17.70'| 1.8 E (eV)

‘Ni Ko 7478.2 | 3.84e+2 | 86.81 | 15.75 1.7 '

Cu Ko | 8047.8 | 3.18e+2 | 87.08 | 14.05 15 .

Ge Ko | 98864 | 1.87¢+2 | 8718 [ 1013 | 1.3 Edge Energies

‘ Ly 21104.6 eV M; 5366.9 eV N; 1387. eV®*" 0Op 310. eV*
Y Ko [14988.0 | 6.30e+1 | 8381 | 518 | 08 | 1= 203137ev My 5000.9eV Ny 1224 eV® Oy 232, eV°

Mo K« 17479.0 | 1.05e+ 2 82.25 | 10.10 0.7 Ly 16733.1 eV Myy; 4173.83 eV Ny 1007. eV®  Ojppp 232. eV®
Pd Ko | 21177.0 | 9.96e+1 | 8419 | 11.58 0.6 Mpy 3611.2eV  Npy 743. eV® Oy 94, eV®
Sn Ko | 25271.0 | 6.51e+1 | 8852 | 9.03 0.5 My 3441.8eV Ny 708. eV® Oy 94 eV®
Xe Ka | 29779.0 | 428¢+1 | 89.72 7.01 0.4 Nyj 371. eV*®

Ny 360. eV?
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ta(barnsf/atom) = p(cm?/gm) x 395.26

E(keV)y.(cmz/gn) = f2 x 176.78
Line E(eV) y(cmz/ gm) f 2 A (A)
H 10.2 | 2.7% + 4 1610 | 1215
He (I 21.1 | 6.85e+ 4 8.18 | 587.6
Na Lo 30.5 | 7.80e+ 4 13.46 | 406.5
Mg Lo 49.3 | 4.55¢+ 4 12.68 | 2515
Al Lz 72.4 | 1.64e+4 | 1985 | 672 | 1712 |
Si Lpg 91.5 | 3.88¢+3 7.60 | 2.01 | 1355
Be K 1085 | 2.02¢+4 | -11.73 | 12.42 | 1143
Sr M(¢ 114.0 | 879+ 4 | -44.16 | 56.66 | 108.8
Y  M¢ 132.8 | 449e+4 | 5213 | 33.77 | 93.4
Zr M¢ 151.1 | 2.51e+4 | 4851 | 21.41 82.1
B Ka 183.3 { 9.60e+3 { 4587 | 996 ]| 67.6
Mo M(¢ 1926 | 7.31e+3 | 4440 { 796 | 64.4
Ar L¢~ 220.1 | 4.36e+3 | 4093 | 543 | 563
C Ka 277.0 { 2.25¢+3 | 36.29 | 352 448
Ag M(¢ . 311.7 | 1.98¢e+3 | 3413 | 3.49 39.8
N Ko« 392.4 | 215e¢+3 | 2020 477 | 316
Ti Lo 452.2 | 324e+3 | 2520 | 828 | 274
V Le 511.3 | 4.91e+3 | 2370 | 14.21 24.2
0 Ka 524.9 | 5.26e+3 | 23.75 | 15.61 23.6
Cr Lo 572.8 | 6.34e4+3 |- 2556 | 2055 | 21.6 | o«
Mn La 637.4 | 6.09¢+3 | 29.07 | 21.96 19.5
F Ka 676.8 | 6.02¢+3 | 28.42 | 23.04 18.3
Fe Lo 705.0 | 6.29e+ 3 | 27.78 | 25.10 17.6
Co Lo 776.2 | 7.32¢+3 | 29.38 | 32.12 16.0
Ni Lo 851.5 | 8.04e+3 | 36.03 |. 38.73 14.6
Cu Lo 929.7 | 7.63e+3 | 4467 | 4015 | 133
Zn La 1011.7 | 6.77e+3 | 5358 | 3873 | 123
Na Ko 10410 | 6.10e+3 | 53.53 | 35.95 11.9
Ge La 1188.0 | 5.02¢+3 | 57.98 | 33.71 10.4
Mg Ko 12536 | 4.6le+3 | 59.87 | 32.72 9.9
Al Ko 1486.7 | 3.39¢+ 3 | 65.34 | 28.48 83| ___
Si Ka | 17400 [ 2.46e+ 3 | 68.73 | 24.26 7.1 £
Zr Lo 20424 | 1.73¢4+3 | 70.25 | 19:.94 6.1 (o))
Mo Lo | 22932 | 1.33¢+3 | 7055 { 1729 | 5.4 | o=
Cl Ka 2622.4 | 9.76e+2 | 69.99 | 14.48 4.7 £
*Ag La 2984.3 | 7.23e+2 | 68.06 | 12.20 4.2 L
Ca Ko 3691.7 | 1.20e+ 3 | '55.80 | 24.99 3.4 3
Ti Ko 4510.8 | 1.08¢+3 | 7372 | 27.50 2.7 -
V Ka 4952.2 | 8.78¢+ 2 | 77.36 { 24.61 2.5
"Cr Ko 5414.7 | 7.98¢+2 | 80.08 | 24.44 2.3
Mn Ko 5898.8 | 6.3le+2 | 82.98 | 21.07 21
Co Ko | 69303 | 44le+2 | 8503 | 17.30 1.8
Ni Ko 74782 | 3.75¢+2 | 85.98 | 15.87 1.7
Cu Ko 8047.8 | 3.08¢+2 | 8658 | 14.03 1.5
Ge Ka 9886.4 | 2.00e+2 | 86.69 | 11.16 1.3 L
Y Ko' | 149880 | 661e+1 | 8553 | s.60 08 | Ln
Mo Ka | 17479.0 | 8.60e+1 | 81.32 8.50 0.7 | Lm
Pd Ka | 21177.0 | 8.72¢+1 .| 83.15 | 10.45 0.6
Sn Ko | 25271.0 | 6.52¢+1 | 89.10 | 9.32 0.5
Xe Ko | 29779.0 | 4.30e+1 | 9050 | 7.24 0.4

References: 50, 113, 131, 166, 174, 178, 220, 229, 230.
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Uranium (U)

Ny; 383.2 eV
Ny 377.4 eV

Z =92
o Atomic Weight = 238.029
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Edge Energies .
21757.4eV. M; 55480eV Ny  1439. eV® O;  321. eV®
20947.6 eV My "5182.2 eV Ni1 1271. eV® 011 257. eV°
17166.3 eV My 4303.4eV - Ny 1043.0 eV® - Oy 192. eV®

Mpy 37276 eV Npy 7783 eV’  Opy 102.8 &V?
My 3551.7eV Ny  736.2eV® . Oy 942ev?
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TABLE 3a. Specular Reflectivity for Mirrors

P(%) 100x I (0)/10, the reflection mten51ty ratio calculated by Egs. (52) (53)
' (54), and (55) for unpolarized incident radiation.

4 - Grazing incidence angle in milliradians.
E Photon energy in electron volts (eV).
A Wavelength in Angstroms (A).
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Beryllium (Be)
p =185 gm/cm3
Grazing Incidence Angle, 8 (milliradians)

P(%)

Line E(eV) 5 mr 10 mr 15 mr 20 mr 30 mr 50 mr 80 mr 125 mr 200 mr | 400 mr
Al Laga 72.4 | 99.4 98.7 98.1 97.4 96.2 93.6 89.5 82.5 60.8 .877
Si Lo 3 91.5 | 98.9 97.9 96.8 95.8 93.6 89.3 81.8 63.2 4.31 128
Be K 108.5 | 83.5 69.8 58.4 48.9 34.4 17.5 6.84 2.05 .428 | 2.86E-2
Zr M¢ 151.1 95.9 91.9 88.1 84.4 774 64.6 47.9 26.7 5.90 .235
B Ka 183.3 96.3 92.7 89.2 85.9 79.4 67.2 49.8 24.4 3.12 .116
Mo M(¢ 192.6 | 96.4 92.9 89.5 86.3 79.9 67.8 50.2 23.1 2.54 9.56E-2
C Ka 277.0 | 971 94.2 91.4 88.6 83.1 71.2 47.4 5.53 486 | 2.16E-2
N Ka 392.4 | 97.6 \ 95.2 92.8 90.3 85.1 70.8 10.8 .848 .100 | 4.96E-.3
Ti La 452.2 | 97.8 95.6 93.4 91.1 85.9 67.8 4.18 428 | 5.39E-2 | 2.73E-3
o] Ka 524.9 § 98.0 96.0° 94.0 91.8 86.4 51.8 1.78 .214 | 2.83E-2 | 1.46E-3
Cr La 572.8 | 98.1 96.3 94.3 92.1 86.5 '23.3 1.12 .145 | 1.95E-2 | 1.02E-3
F Ka 676.8 | 98.4 96.7 94.9 92.8 86.2 5.90 494 | 6.92E-2 | 9.59E-3 | 5.07E-4
Fe La 705.0 | 98.4 96.8 95.0 92.8 85.7 4.52 407 | 5.80E-2 | 8.08E-3 | 4.28E-4
Co La 776.2 | 98.5 97.0 95.3 93.1 83.8 2.54 261 3.83E-2 | 5.40E-3 | 2.87E-4
Ni La 851.5 | 98.6 © 97.2 95.5 93.3 76.2 1.53 172 | 2.58E-2 | 3.67E-3 | 1.96E-4
Cu La 929.7 { 98.7 97.4 95.7 93.3 . 28.5 977 116 1.78E-2 | 2.54E-3 | 1.36E-¢4
Zn La 1011.7 | 98.8 97.5 95.9 93.1 12.1 .646 | 8.05E-2 1.25E-2 | 1.79E-3 | 9.64E-5
Ge La 1188.0 | 99.0 97.8 96.0 91.4 3.91 - .305 | 4.04E-2 | 6.38E-3 | 9.26E-4 | 4.99E-5
Mg Ka 1253.6 | 99.0 97.9 96.0 .88.8 2.85 .239 | 3.22E-2 | 5.11E-3 | 7.42E-4 | 4.01E-5
Al Ko 1486.7 99.2 98.1 95.6 - 13.5 1.18 113 1.57E-2 2.53E-3 3.70E-4 2.00E-5
Si Ka 1740.0 | 99.3 98.2 85.6 4.36 535 | 5.73E-2 | 8.21E-3 1.33E-3 | 1.95E-4 | 1.06E-§
Zr La 2042.4 | 99.4 98.1 10.3 1.76 257 | 2.92E-2 | 4.25E-3 | 6.94E-4 | 1.02E-4 | 5.53E-6
Nb La 2165.9 | 99.4 98.1 6.69 1.30 .198 | 2.20E-2 | 3.34E-3 | 5.47E-4 | 8.04E-5 | 4.36E-6
Mo La 2293.2. | 99.4 97.9 4.61 976 .154 | 1.80E-2 | 2.65E-3 | 4.34E-4 | 6.38E-5 | 3.46E-6
Cl Ka 2622.4 | 99.5 81.7 2.12 .515 | 8.65E-2 | 1.04E-2 | 1.54E-3 | 2.52E-4 | 3.71E-5 | 2.02E-6
Ag La 2984.3 | 99.5 12.4 1.09 .285 | 5.00E-2 | 6.11E-3 | 9.09E-4 | 1.50E-4 ' 2.21E-5 | 1.20E-6
Ca Ko 3691.7 | 99.6 2.99 .398 113 | 2.06E-2 | 2.57E-3 | 3.85E-4 | 6.35E-5 | 9.38E-6 | S5.10E-7
Ti Ka 4510.8 | 99.5 1.04 .163 | 4.81E-2 | 9.04E-3 | 1.14E-3 | 1.72E-4 | 2.84E-5 | 4.19E-6 | 2.28E-7
v Ka 4952.2 99.3 .664 .109 3.26E-2 6.18E-3 7.83E-4 1.18E-4 1.95E-5 2.88E-6 1.57E-7
Cr Ka 5414.7 | 34.4 439 7.47E-2 | 2.25E-2 | 4.30E-3 | 5.46E-4 | 8.25E-5 1.36E-5 | 2.02E-6 | 1.10E-7
Ma. Ka 5898.8 | 13.4 .298 | 5.21E-2 | 1.58E-2 |- 3.04E-3 | 3.87E-4 | 5.85E-5 | 9.68E-6 | 1.43E-6 | 7.77E-8
Co Ka 6930.3 4.29 147 | 2.66E-2 | 8.18E-3 | 1.58E-3 | 2.03E-4 | 3.06E-5 | 5.07E-6 | 7.49E-7 | 4.07E-8
Ni Ka 7478.2 - 2.75 .106 1.94E-2 | 6.00E-3 { 1.16E-.3 | 1.49E-4 | 2.26E-5 | 3.74E-6 | 5.52BE-7 | 3.01E-8
Cu Ka 8047.8 1.85 7.74E-2 1.44E-2 | . 4.45E-3 | 8.66E-4 | 1.11E-4 | 1.68E-5 | 2.79E-6 | 4.12E-7 | 2.24E-8
Ge Ka 9886.4 667 | 3.27E-2 6.20E-3 | 1.94E-3 | 3.78E-4 | 4.87E-5 | 7.38E-6 1.22E-6 | 1.81E-7 | 9.79E-9
o
e
-N
—
IR 5 mr
o L=\
© S
N \\
o | 200\
©
oA
300
g | 150 |
400 200 .
| q
o |
50 100 1000 10000

E (eV)
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Grazing Incidence Angle, § (milliradians)

.. Carbon (C)

p=2.00 gm/cms

Line E(eV) 5 mr 10 mr 1Smr | 20 mr 30 mr 50mr .{ 80 mr 125 mr | 200 mr | 400 mr
Al Log 72.4 | 99.3 98.6 97.9 97.2 95.8 93.1 89.0 82.7 70.7 7.78
Si Loz - 91.5 99.3 98.6 98.0 97.3 96.0 93.3 89.2 82.5 66.6 1.86
Be K - 108.5 | 99.3 98.7 98.0 97.3 96.0 93.3 89.1 81.7 56.9 756
Zr M¢ 151.1 99.3 . 98.7 98.0 874 96.0 93.3 88.5 76.5 5.58 152
B Ko 183.3 | 99.3 98.7 98.0 97.3 ) 96.0 93.0 87.2 52.5 1.62 6.00E-2
Mo M(¢ 192.6 | 99.3 98.7 98.0 97.3 - 96.0 93.0 86.8 29.5 1.20 4.70E-2
C Ka 277.0 | 96.8 93.6 90.2 . 86.5 76.9 12.4 .822 .110'| 1.50E-2 | .7.87E-4
N Ka 392.4 | 93.8 87.9 82.2 76.7 65.9 43.6 10.4 1.06 126 } 6.25E-3
Ti La 452.2 94.5 ' 89.2 84.1 78.9 68.5 43.6 5.86 .600 7.45E-2 3.75E-3
"0 Ko 524.9 | 95.0 90.2 -85.4. 80.5 70.0 38.5 2.78 319 | 4.13E-2 | 2.12E-3
Cr La 572.8 95.3 90.7 86.0 812 70.4 30.9 1.79 .219 2.90E-2 1.50E-3
F Ka 676.8 95.7 91.4 87.0 82.2 70.1 11.3 796 107 1.46E-2 | 7.68E-4
Fe La 705.0 | 95.8 91.5 87.1 82.3 69.6 8.59 .658 | 9.02E-2 | 1.24E-2 | 6.53E-4
Co La . 776.2 | 96.0 . 92.0 87.8 82.9 68.3 4.67 422 | 6.01E-2 | 8.37E-3 | 443E-4
Ni La. 851.5 | 96.3 92.5 88.3 83.3 65.1 2.72 277 | 4.06E-2 | 5.71E-3 | 3.04E-4
Cu La 929.7 | 96.5 92.8 88.7 834 56.7 1.69 187 | 2.80E-2 | 3.97E-3 | 2.12E-4
Zn La 1011.7 | 96.7 93.2 89.0 83.4 32.9 1.09 - .129 | 1.96E-2 | 2.80E-3 | 1.50E-4
Ge La 1188.0 | 97.0 93.8 89.5 82.0 7.90 . .501 | 6.40E-2 { 9.99E-3 | 1.44E-3 7.75E-5
Mg Ka 1253.6 | 97.1 93.9 - 89.6 80.7 5.47 .390 | 5.08E-2 | 7.98E-3 | 1.15E-8 | 6.22E-5
Al  Ke 1486.7 | 97.5 94.4 89.3 45.5 2.00 - .180 | 2.46E-2-| 3.93E-3 5.72E-4 | 3.09E-5
Si Ka 1740.0 | 97.8 94.8 86.7 8.89 .887 | 9.01E-2 | 1.27E-2 | 2.05E-3 | 3.00E-4 1.62E-5
Zr La 2042.4 | 98.0 94.9 28.3 3.13 413 | 4.53E-2 | 6.53E-3 | 1.06E-3 | 1.56E-4 | 8.44E-6
Nb La 2165.9 | 98.1 94.8 158.1 2.24 .316 | 3.53E-2 | 5.12E-3 | 8.35E-4 | 1.23E-4 | 6.65E-6 °
Mo La 2293.2 | 98.2 94.7 9.36 1.65 244 | 2.78E-2 | 4.05E-3 | 6.61E-4 | 9.7T1E-5 { 5.27E-6'
Cl Ka 1 2622.4 | 983 93.3 3.81 .839 .135 1.59E-2 | 2.33E-3 | 3.82E-4' ]| 5.63E-5 | 3.06E-6:
Ag La 2984.3 | 98.5 38.8 - 1.84 454 | 7.71E-2 | 9.28E-3 | 1.38E-3 | 2.26E-4 | 3.33E-5 | 1.81E-6
Ca Ka 3691.7 | 98.6 5.51 .636 174 | 3.14E-2 | 3.88E-3 | 5.80E-4 | 9.55E-5 | 1.41E-5 | 7.66E-7
Ti Ka 4510.8 | 98.6 1.73 254 | 7.35E-2 | 1.37E-2 1.71E-3 | 2.58E-4 | 4.25E-5 | 6.28E-6 | 3.42E-7
v Ka ] 4952.2 | 98.5 1.08 .168 | 4.95E-2 | 9.30E-3 1.17E-3 | 1.97E-4 | 2.92E-5 | 4.31E-6 | 2.34E-7
Cr Ka 5414.7 | 98.0 .699 114 | 3.41E-2 | 6.45E-3 | 8.17E-4 | 1.23E-4 | 2.04E-5 | 3.01E-6 | 1.64E-7
Mn Ko 5898.8 | 43.9 - .468 7.93E-2 | 2.39E-2 | 4.55E-3 | 5.78E-4 | 8.73E-5 | 1.44E-5 | 2.13E-6 1.16E-7
Co Ka 6930.3 8.27 . ©.226 | 4.02E-2 1.23E-2 | 2.36E-3 | 3.02E-4 | 4.56E-5 | 7.55E-6 1.12E-6 | 6.07E-8
Ni Ka 7478.2 4.95 .162 | 2.93E-2 | 8.99E-3 | 1.74E.3 | 2.22E-4 | 3.36E-5 | 5.56E-6 | 8.22E-7 | 4.47E-8
Cu Ka 8047.8 3.18 .118 | 2.16E-2 | 6.66E-3 | 1.29E-3 | 1.65E-4 | 2.50E-5 | 4.14E-6 | 6.12E-7 | 3.33E-8
Ge Ka | 98864 | 1.07 | 4.94E-2 | 9.28E-3 | 2.89E-3 | 5.63E-4 | 7.23E-5 | 1.10E-5 | 1.82E-6 | 2.68E-7 | 1.46E-8
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Aluminum (Al)
p=2.70 gm/cm3
Grazing Incidence Angle, 8 (milliradians)

E(eV) 5 mr 10 mr 15 mr 20 mr 30 mr 50 mr 80 mr 125 mr | 200 mr | 400 mr
72.4 92.5 85.5 79.1 73.1 62.6 45.9 29.1 15.0 5.47 .630
91.5 | 94.0 88.4 83.0 78.0 68.9 53.7 36.6 20.3 7.34 .659

108.5 | 94.4 89.0 840 | 793 70.5 55.7 38.7 21.8 7.70 615
151.1 95.2 90.7 86.3 82.2 - 74.4 60.7 43.8 24.8 7.40 .390
183.3 | 95.7 91.6 87.6 .83.8 76.6 63.5 46.5 25.5 - 5.69 T .233
277.0 96.3 92.7 89.2 85.8 .79.2 66.2 45.7 12.5 " 1.06 4.40E-2
392.4 96.8 93.6 90.5 87.3 81.0 66.5 28.3 1.95 . 208 | 9.91E-3
452.2 | 96.9 .| 93.8 90.8 87.7 81.2 64.7 12.2 .950 .111 | 5.48E-3
524.9 | 97.1 94.2 91.2 88.2 - | 81.6 60.8 4.58 463 | S.81E-2 | 2.94E-3
572.8 | 97.2 94.4 91.5 88.5 81.8 55.2 2.74 .308 | 3.98E-2 | 2.04E-3
676.8 | 97.4 94.9 92.2 89.2 81.9 21.6 111 143 | 1.93E-2 | 1.01E-3°
776.2 | 97.6 95.1 92.5 89.5 80.8 6.99 558 | 7.75E-2 | 1.07E-2 | 5.64E-4
851.5 | 97.7 95.4 92.8 89.7 79.1 3.78 .357 | 5.13E-2 | 7.18E-3 | 3.81E-4
929.7 | 97.8 95.5 92.9 . 89.7 75.2 2,24 .235 | 3.48E-2 | 4.91E-3 | 2.62E-4

1011.7 | 97.9 95.7 93.1 89.6 60.9 1.39 .158 | 2.39E-2 | 3.40E-3 | 1.82E-4

1253.6 { 98.1 /| 959 93.0 87.3 6.62 444 | 5.73E-2 | 8.97E-3 | 1.30E-3 | 6.97E-5

1486.7 | 97.8 95.2 90.2 26.9 1.62 .151 | 2.09E-2 | 3.35E-3 | 4.88E-4 | 2.64E-§

1740.0 | 83.9 _ 66.8 " | 429 11.7 - 1.21 .121 | 1.69E-2 | 2.72E-3 | 3.97E-4 | 2.15E-5

2042.4 | 86.5 70.4 38.2 5.88 .692 | 7.28E-2 | 1.04E-2 | 1.68E-3 | 2.46E-4 | 1.33E-5

2622.4 | 88.6 . | 70.0 8.95 1.64 243 | 2.78E-2 | 4.05E-3 | 6.61E-4 | 9.71E-5 | 5.27E-6

2984.3 | 89.3 64.7 1 3.99 875 .140 | 1.65E-2 | 2.43E-3 | 3.97E-4 | 5.85E-5 | 3.17E-6

3691.7 | 90.3 15.8 . 1.27 .328 | 5.69E-2 | 6.93E-3 | 1.03E-3 | 1.69E-4 | 2.50E-5 | 1.36E-6

4510.8 | 90.6 3.81 483 .135 | 2.46E-2 | 3.05E-3 { 4.57TE-4 | 7.54E-5 | 1.11E-5 | 6.05E-7

4952.2 | 90.4 2.24 315 | 9.02E-2 | 1.66E-2 | 2.08E-3 | 3.13E-4 | 5.16E-5 | 7.62E-6 .| 4.14E-7

5414.7 | 89.8 1.40 2211 | 6.16E-2 | 1.15E-2 | 1.45E-3 | 2.18E-4 | 3.59E-5 | 5.31E-6 | 2.88E-7

~ 5898.8 | 88.2 -909 .145 | 4.28E-2 | 8.07E-3 | 1.02E-3 | 1.54E-4 | 2.54E-5 | 3.75B-6 | 2.04E-7

'6930.3 | 30.3 423 | 7.22E-2 | 2.18E-2 | 4.16E-3 | 5.29E-4 | 7.99E-5 | 1.32E-5 | 1.95E-6 | 1.06E-7

7478.2 13.5 .299 | 5.22E-2 | 1.59E-2 | 3.05E-3 | 3.88E-4 | 5.87E-5 | 9.71E-6 | 1.43E-6 | 7.81E-8

8047.8 7.61 -215 | 3.83E-2 | 1.17E-2 | 2.26E-3 | 2.88E-4 | 4.36E-5 | 7.21E-6 | 1.07E-6 | 5.80E-8

9886.4 2.17 8.79E-2 | 1.62E-2 | 5.03E-3 | 9.77E-4 | 1.25E-4 | 1.90E-5 | 3.14E-6 | 4.64E-7 | 2.53E-8

14988.0 .289 | 1.54E-2 | 2.95E-3 | 9.26E-4 | 1.81E-4 | 2.34E-5 | 3.55E-6 | 5.87E-7 | 8.68E-8 | 4.71E-9

17479.0 .147 | 8.18E-3 | 1.58E-3 | 4.97E-4 | 9.77E-5 | 1.26E-5 | 1.91E-6 | 3.16E-7 | 4.68E-8 | 2.55E-9

21177.0 | 6.46E-2 | 3.74E-3 | 7.29E-4 | 2.20E-4 } 4.51E-5 | 5.83E-6 | 8.84E-7 | 1.47E-7 | 2.16E-8 | 1.18E-9

25271.0 | 3.08E-2 | 1.83E-3.| 3.57E-4 | 1.13E-4 | 2.22E-5 | 2.87E-6 | 4.35E-7 | 7.20E-8 | 1.06E-8 0.

29779.0 | 1.56E-2 | -9.42E-4 | 1.85E-4 | 5.83E-5 [ 1.15E-5 | 1.48E-6 | 2.25E-7 | 3.74E-8 | 5.52E-9 0.
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Grazing Incidence Angle, § (milliradians)

Aluminum Oxide (Al,03)
p = 3.96 gm/cm3

P(%)

Line E(eV) { 5mr 10 mr 15 mr 20 mr 30 mr 50 mr 80mr | 125mr | 200 mr | 400 mr
Al Lgg 72.4 | 96.8 93.7 90.7 87.8 82.3 72,0 58.6 ‘41.9 211 1.81
Si Lag 915 | 973 946 [ 920 | 895 84.6 75.6 63.5 479 27.3 2.93
‘Be K 108.5 | 97.2 94.4 91.7 - | 891 84.0 74.7 62.1 45.9 24.4 1.99
Zr  M¢ 1511 | 973 9.6 | 92.0 89.4 84.5 75.3 62.6, 45.2 19.8 .858
B Ko 183.3 | 97.4 94.9 92.5 90.1 85.5 76.6 64.0 45.4 15.1 .461
C Ka 277.0 | 97.8 95.7 93.6 91.5 87.3 79.0 65.1 33.3 2.26 | 8.09B-2
N Ka 392.4 | 98.0 96.1 94.2 92.3 88.3 79.4 56.9 "4.25° .384 | 1.74E-2
Ti La .| 45221 981 96.1 942 | 922 88.1 78.0 35.6 1.77 .190 | 9.04E-3
0 Ka 5249 | 977 | 955 93.2 90.9 85.7 70.1 6.44 .590 | 7.24E-2 | 3.63E-3
Cr La |. 5728 | 941 88.4 82.9 77.5 66.4 40.6 . 535 .564 | 7.06E-2 | 3.57E-3
F Ke 676.8 | 95.4 91.0 86.5 820 | 72.2 12,5 3.08 .345 | 4.44E-2 | 2.27E-3
Co La | 7762} 959 91.8 87.7 83.3 73.3 30.6 1.61 199 | 2.64E-2 | 1.37E-3
Ni La 851.5 | 96.1 92.3 88.3 84.1 73.6 17.2 1.03 .135 | 1.82E-2 | 9.52E-4
Cu La 920.7 | 96.3 92.6 88.7 84.5 73.1 9.12 679 | 92782 | 1.27E-2 | 6.70E-4
Zn La 1011.7 | 96.5 93.0 89.2 84.9 72.0 5.22 457 | 6.46E-2 | 8.98E-3 | 4.75E-4
Mg Ka | 12536 | 96.9 93.6 89.8 84.9 55.0 1.50 169 | 2.54E-2 | 3.61E-3 | 1.93E-4
Al Ka 1486.7 | 96.9 93.5 89.2 82.0 9.36 .559 | 7.07E-2 | 1.10E-2 | 1.59E-3 | 8.52E-5
Si Ka | 1740.0 | 918 83.0 7.7 51.6 4.28 333 | 4.40E-2 | 6.94E-3 | 1.01E-3 | 5.43E-5
Zr La 2042.4 | 92.8 84.6 72.0 31.8 1.98 .180 { 2.46E-2 | 3.93E-3 | 5.73E-4 | 3.09E-5
Cl Ka | 26224 | 939 85.6 55.1 5.09 604 | 6.41E-2 | 9.14E-3 | 1.48E-3 | 2.17E-4 | 1.18E-5
Ag Lo | 29843 { 944 85.4 16.7 2.41 .335 | 3.74E-2 | 5.42E-3 | 8.82E-4 | 1.30E-4 | 7.03E-6
Ca Ka | 3691.7 | 95.0 80.7 3.68 .815 131 { 1.55E-2 | 2.28E-3 | 3.74E-4 | 5.50E-5 | 2.99E:6
Ti Kea |.4510.8 | 95.5 15.4 1.24 .320 | 5.57E-2 | 6.78E-3 | 1.01E-3 | 1.66E-4 | 2.44E-5 | 1.33E-6
V Ka 4952.2 | 95.6 7.35 .781 .211 | 3.75E-2 | 4.62E-3 | 6.90E-4 | 1.14E-4 { 1.68E-5 | 9.11E-7
Cr Ka 5414.7 | 95.7 411 .511 .142 | 2.58E-2 | 3.20E-3 | 4.80E-4 | 7.91E-5 | 1.17E-5 | 6.34E-7
Mn Ka 5808.8 | 95.6 2.50 .345 | 9.82E-2 | 1.81E-2 | 2.26E-3 | 3.39BE-4 | 5.50E-5 | 8.25E-6 | 4.49E-7
Co Ka 6930.3 | 95.0 1.08 . .168 | 4.94E-2 | 9.20E-3 | 1.17E-3 | 1.76E-4 | 2.91E-5 | 4.30E-6 | 2.34E-7
Ni Ka |- 74782 | 93.7 .742 121 | 3.59E-2 | 6.79E-3 | 8.60E-4 | 1.30E-4 | 2.14E-5 i 3.16E-6 | 1.72E-7
Cu Ke 8047.8 | 79.9 .524 | 8.80E-2 | 2.64E-2 | 5.03E-3 | 6.39E-4 | 9.64E-5 | 1.59E-5 | 2.35E-6 | 1.28E-7
Ge Ka 9886.4 | 7.14 (207 | 3.69E-2 | 1.13E-2 | 2.17E-3 | 2.78E-4 | 4.20E-5 | 6.95E-6 | 1.03E-6 | 5.59E-8
Y Ko | 14988.0 .720 | 3.50E-2 | 6.63E-3 | 2.07E-3 | 4.04E-4 | 5.19E-5 | 7.87E-6 | 1.30E-6 | 1.93E-7 | 1.05E-8
Mo Ke | 17479.0 .353 | 1.85E-2 | 3.54E-3 | 1.11E-3 | 2.17E-4 | 2.80E-5 | 4.25E-6 | 7.08E-7 { 1.04E-7 | 5.65E-9
Pd Kea | 21177.0 .151 | 8.42E-3 | 1.63E-3 | 5.12E-4 | 1.00E-4 | 1.30E-5 | 1.97E-6 | 3.25E-7 | 4.81E-8 | 2.61E-9
Sn- Ka | 25271.0 | 7.10E-2 | 4.10E-3 | 7.98E-4 | 2.51E-4 | 4.94E-5 | 6.38E-6 | 9.68E-7 | 1.60E-7 | 2.37E-8 | 1.29E-9
Xe Ka | 29779.0 | 3.57E-2 | 2.11E-3 | 4.12B-4 | 1.30E-4 | 2.56E-5 | 3.30E-6 | 5.01E-7 | 8.30E-8 | 1.23E-8 | 0.
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P(%)

Grazing Incidence Angle, 8 (milliradians)

Quartz (SiO,)

p = 2.20 gm/cm®

Line E(eV) 5 mr 10 mr 15 mr 20 mr 30 mr 50 mr 80 mr 125 mr 200 mr 400 mr
Al " Lo 72.4 98.4 96.8 95.2 93.6 90.6 84.7 7é.2 63.9 42.8 2.93
Si L2 3 91.5 98.0 96.1 94.2 " 92.3 88.7 81.6 1- 713 55.7 25.7 .733
Be K 108.5 96.6 93.3 ‘901 87.0 81.1 70.1 55.0 34.7 9.48 .348
Zr M¢ 151.1 96.3 92.7 89.2 85.9 79.4 67.4 51.0 28.5 5.25 191
B Ka 183.3 96.4 92.9 89.5 86.2 79.9 67.9 50.7 25.2 3.19 JA17
C Ka 277.0 97.0 94.1 91.2 '88.4 82.7 70.7 47.3 6.02 522 2.31E-2
N Ka 392.4 97.3 94.6 91.9 89.1 83.3. . 67.9 11.7 .906 107 | 5.25E-3
Ti La 452.2 97.3 94.5 91.8 '88.9 82.5 61.6 4.15 428 5.40E-2 2.74E-3
o] Ko 524.9 96.7 93.3 89.9 86.2 7.2 22.7 1.19 .153 2.05E-2 1.07E-3
Cr La 572.8 91.4 83.3 75.5 67.7 51.4 14.1 1.20 .159 2.15E-2 1.12E-3
F Ka . 676.8 93.4 87.0 80.6 73.8 57.8 9.39 .746 .102 1.40E-2 | 7.34E-4
Co La 776.2 94.1 88.2 82.2 75.5 57.0 4.59 .425 | 6.06E-2 8.45E-3 | 4.47E-4
Ni La 851.5 94.5 88.9 83.0 76.1 53.9 2.79 285 | 4.17E-2 5.88E-3 3.12E-4
Cu Lo 929.7 94.7 89.4 83.4 76.2 46.5 1.77 195 | 2.92E-2 4.14E-3 2.21E-4
Zn La 1011.7 95.0 89.8 83.8 76.0 31.0 1.16 .135 | 2.06E-2 2.94E-3 1.57E-4
Mg Ka 1253.6 95.5 90.6 84.2 72.3 5.91 414 | 5.37E-2 | 8.43E-3. | 1.22E-3 6.56E-5
Al Ka 1486.7 95.9 91.0 83.1 43.7 2.09 187 | 2.55E-2 | 4.07E-3 5.93E-4 | 3.20E-5
Si Ka 1740.0 96.0 90.8 - 76.8 8.14 .839 8.59E-2 1.21E-2 1.96E-3 2.87E-4 1.55E-5
Zr La 2042.4 89.1 744 26.8 3.48 454 | 4.96E-2 | 7.13E-3 1.16E-3 1.70E-4 9.21E-6
Cl Ka 2622.4 90.8 71.4 5.02 1.05 165 1.92E-2 | 2.82E-3 | 4.62E-4 6.79E-5 | 3.69E-6
Ag La 2984.3 91.3 54.9 2.41 575 | 9.57E-2 1.14E-2 | 1.69E-3 | 2.78E-4 | 4.09E-5 2.22E-6
Ca Ka 3691.7 91.9 . 7.90 822 .221 3.93E-2 | 4.83E-3 | 7.20E-4 1.19E-4 1.75E-5 | 9.51E-7
Ti Ka 4510.8 91.9 231 324 | 9.25E-2 1.71E-2 | 2.13E-3 | 3.20E-4 | 5.29E-5 7.80E-6 | 4.24E-7
v Ko 4952.2 91.4 1.41 213 6.21E-2 1.16E-2 | 1.46E-3 { 2.19E-4 | 3.63E-5 | 5.35E-6 | 2.91E-7
Cr Ka 5414.7 89.9 ’ .90_3 144 | 4.26E-2 | 8.03E-3 | 1.02E-3 | 1.53E-4 | 2.53E-5 | 3.73E-6 | 2.03E-7
Mn Ka 5898.8 83.7 599 | 9.94E-2 2.97E-2 5.65E-3 7.17E-4 | 1.08E4 1.79E-5 2.64E-6 1.44E-7
Co - Kq 6930.3 12.4 .286 | 5.01E-2 | 1.52E-2 2.92E-3-| 3.73E-4 | 5.63E-5 | 9.32E-6 1.38E-6 7.49E-8
Ni Ka 7478.2 6.97 .204 | 3.63E-2 1.11E-2 | 2.14E-3 | 2.74E-4 | 4.14E-5 | 6.85E-6 1.01E-6 5.51E-8
Cu Ko 8047.8 4.32 .148 2.67E-2 8.22E-3 1.59E-3 2.04E-4 3.08E-5 5.10E-6 7.53E-7 4.10E-8
1 Ge Ka 9886.4 1.38 6.11E-2 1.14E-2 | 3.54E-3 6.90E-4 | 8.87E-5 1.34E-5 | 2.22E-6 3.29E-7 | 1.79E-8
Y Ka 14988.0 .198 1.08E-2 | 2.09E-3 | 6.56E-4 1.29E-4 | 1.66E-5 | 2.52E-6 | 4.17E-7 | 6.17E-8 | 3.37E-9
Mo Ka 17479.0 102 | 5.78E-3 1.12E-3 3.53E—4} 6.94E-5 | 8.95E-6 | 1.36E-6. | 2.25E-7 | 3.33E-8 1.81E-9
Pd Ka 21177.0 4.52E-2 2.65E-3 | 5.18E-4 | 1.63E-4 3.21E-5 | 4.15E-6 | 6.29E-7. | 1.04E-7 | 1.54E-8 0. .
Sa  Kea 25271.0 2.17E-2 1.30E-3 | 2.54E-4 | 8.02E-5 1.58E-5 | 2.04E-6 | 3.09E-7 | 5.13E-8 7.61E-9 0.
Xe Ka 29779.0 1.11E-2° | 6.69E-4 | 1.31E-4 | 4.15E-5 8.18E-6 1.06E-6 1.61E-7 | 2.66E-8 | 3.94E-9 0.
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Grazing Incidence Angle, 8 (milliradians) -

Nickel (Ni)

" p=8.90 gm/cms_

Line E(eV) 5 mr 10 mr - 15 mr 20 mr 30 mr 50 mor 80 mr 125 mr 200 mr 400 mr
Al Lag 72.4 | 97.3 94.7 - 92.2 . 89.7 85.0 76.3 64.7 50.3 32.4 8.18
Si  Lag 91.5 | 97.7 -95.5 93.3 91.2 87.1 79.3 68.8 55.2 36.8 8.25
Be K 108.5 { 97.7 95.4 93.2 91.1 86.9 79.1 68.4 54.4 35.1 5.87
Zr M(¢ | 1511 | 975 95.0 92.6 90.2 . 85.6 77.0 65.3 49.7 27.7 2.11
B Ka 1833 | 975 95.0 92.6 90.2 85.6 77.0 65.0 48.5 23.8 1.15
C Ka 277.0 | 975 95.1 92.7 90.3 85.7 76.9 63.8 42.7 8.37 243
N Ka 392.4 | 97.6. 95.3 93.0 90.7 86.2 77.1 61.4 23.3 1.50 5.78E-2
Ti .La 452.2 | 97.7 95.3 93.1 90.8 86.3 76.7 58.0 10.0 T .741 | 3.14E-2 -
o Ka '524.9 | .97.7 95.4 93.1 © 90.9 86.2 75.9 50.5 3.84 .358 | 1.63E-2
Cr La 572.8 | 97.7 95.4 93.2 90.9 86.2 75.1 39.9 2.23 230 | 1.09E-2
F' Ka 676.8 | 97.5 95.1 92.6 90.1 84.7 69.7 9.58 .782 | 9.33E-2 | 4.63E-3
Co La 776.2 { 97.0 94.0 90.9 87.7 80.3 49.4 2.32 .269 ] 3.51E-2 | 1.80E-3
Ni La 851.5 | 80.0 63.5 49.4 37.3 18.3 2.90 375 | 5.72E-2 | 8.16E-3 | 4.37E-4
Cu La 929.7 | 87.6 . 76.6 66.6 57.5 41.0 15.3 2.20 .301 | 4.06E-2 | 2.12E-3
Zn La 1011.7 | 88.4 78.0 68.4 59.4 42.9 15.4 1.95 261 | 3.52E-2 | 1.84E-3
Mg Ka 1253.6 | 91.4 83.2 75.3 67.4 50.7 " 12.3 1.05 .140 | 1.91E-2 | 1.00E-3
Al Ka | 1486.7 | 92.3 84.9 77.5 69.6 | 50.2 5.60 511 | 7.22E-2 | 1.00E-2 | 5.30E-4
Si Ka | 1740.0 | 93.0 86.1 78.8 70.5 44.8 2.44 .258 | 3.81E-2 | 5.37E-3 | 2.86E-4
Zr La 2042.4 | 93.6 87.1 79.7 70.3 25.2 1.09 129 | 1.96E-2 | 2.80E-3 | 1.50E-4
Cl Ka 2622.4 | 944 88.2 . 79.9. 63.2 4.35 - .333 | 4.40E-2 | 6.93E-3 1.00E-3 5.42E-5
Ag La 2984.3 | 94.7 88.6 78.9 39.0 2.07 .186 | 2.54E-2 | 4.05E-3 | 5.90E-4 | 3.19E-5
Ca Ka 3691.7 | 95.3 88.9 68.4 6.23 .698 7.29E-2 | 1.04E-2 1.68E-3 | 2.45E-4 | 1.33E-5
Ti Ka 4510.8 | 95.7 88.1 11.3 1.88 272 | 3.08E-2 | 4.48E-3 | 7.31E-4 | 1.07E-4 | 5.83E-6
v Ka 4952.2 | 95.8 86.6 5.69 1.15 178 | 2.07E-2 | 3.04E-3 | 4.97E-4 | 7.30E-5 | 3.96E-6
Cr Ka 5414.7 | 96.0 82.5 3.25 .736 120 | 1.42E-2 | 2.09E-3 | 3.43E-4 | 5.04E-5 | 2.74E-6
Mn Ka 5898.8 | 96.1 '47.8 1.99 486 | 8.20E-2 | 9.85E-3 | 1.46E-3 | 2.40E-4 | 3.53E-5 | 1.92E-6
Co Ka 6930.3 | 96.2 8.24 .843 226 | 4.01E-2 | 4.93E-3 | 7.35E-4 | 1.21E-4 | 1.79E-5 | 9.71E-7
Ni Ka 7478.2 | 96.1 4.70 566 156 | 2.83E-2 | 3.50E-3 | 5.24E-4 | 8.64E-5 | 1.27E-5 | 6.93E-7
Cu Ka 8047.8 | 95.8 2.70 .367 -104 1.91E-2 | 2.39E-3 | 3.58E-4 | 5.91E-5 | 8.72E-6 | 4.74E-7
Ge Ka 9886.4 | 71.7 1.17 182 | 5.33E-2 | 1.00E-2 | 1.26E-3 | 1.90E-4 | 3.14E-5 | 4.63E-6 | 2.52E-7
Y Ka 14988.0 6.08 .187 | 3.35E-2 | 1.03E-2 | 1.98E-3 | 2.53E-4 | 3.83E-5 | 6.33E-6 | 9.36E-7 | 5.10E-8
Mo Ka 17479.0 2.44 9.65E-2 | 1.78E-2 | 5.50E-3 | 1.07E-3 | 1.37E-4 | 2.07E-5 | 3.43E-6 | 5.07E-7 | 2.76E-8
Pd Kea 21177.0 912 | 4.30E-2 | 8.10E-3 | 2.52E-3 | 4.92E-4 { 6.33E-5 | 9.59E-6 | 1.59E-6 | 2.35E-7 | 1.28E-8
Sn  Ka .| 25271.0 .397 | 2.06E-2 | 3.94E-3 | 1.23E-3 | 2.41E-4 | 3.11E-5 | 4.71E-6 | 7.80E-7 | 1.15E-7 | 6.27E-9
Xe Ka 29779.0 .191 | 1.05E-2 | 2.02E-3 | 6.34E-4 | 1.24E-4 | 1.60E-5 | 2.43E.6 | 4.03E-7 | 5.96E-8 | 3.22E-9
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, : Copper (Cu)
' p = 8.96 gm/cm®
Grazing Incidence Angle, 6 (milliradians)

Line E(eV) 5 mr 10 mr 15 mr 20 mr 30 mr 50 mr 80 mr 126 mr | 200 mr | 400 mr
Al Lo 72.4 | 97.6 95.3 93.0 90.8 86.5 78.5 67.7 53.9 35.7 8.51
Si Lag 91.5 | 97.3 94.7 92.2 89.7 85.0 76.2 64.5 49.6 30.5 5.23
Be K 108.5 | 97.2 94.4 917 89.1 84.1 74.8 62.5 47.0 27.3 3.74
Zr  M(¢ 151.1 | 971 94.3 91.6 89.0 83.9 74.4 61.8 45.6 24.0 1.96
B Ka 183.3 | 97.2 94.6 91.9 89.4 84.5 75.2 62.6 45.7 2.7 113
C Ko 277.0 | 97.3 94.8 92.2 89.7 84.9 75.6 61.9 40.3 7.49 .226
N Ka 392.4 | 974 94.8 92.2 89.7 84.8 74.7 57.8 20.0 1.38 5.40E-2
Ti La 452.2 | 97.4 94.9 92.4 89.9 84.9 74.5 54.5 9.01 696 | 2.98E-2
0 Ka 524.9 | 97.3 94.7 92.2 89.6 | 844 72.8 45.3 3.58 .341 | 1.56E-2
Cr La 572.8 | 973 94.7 | 921 89.5 84.1 71.6 35.2 2.16 .226 | 1.07E-2
F Ka 676.8 | 97.3 94.6 91.9 89.2 83.3 67.7 104 © .837 | 9.92E-2 | 4.91E-3
Co La -776.2 | 96.9 93.9 - 90.8 87.7 80.6 55.8 3.30 .359 | 4.59E-2 } 2.34E-3
Ni La 851.5 | 96.3 92.6 88.8 84.7 75.2 25.9 1.34 .169 | 2.26E-2 | 1.18E-3
Cu La 929.7 | 71.4 50.7 35.7 24.8 | 1i6 2.62 452 | 7.64E-2 | 1.13E-2 | 6.18E-4
Zn Lo 1011.7 | 87.0 75.5 65.0 55.4 38.1 11.9 1.50 .209 | 2.85E-2 | 1.49E-3
Mg Ko 1253.6 | 89.8 80.3 71.2 62.3 440 | 9.37. .880 121 | 1.66E-2 | 8.74E-4
Al Ko 1486.7 | 91.2 82.9 74.5 65.8 44.9 4.80 .460 | 6.57E-2 | 9.16E-3 | 4.85E-4
Si K« 1740.0 | 92.1 843 . | 761 66.9 39.1 2.19 237 | 3.51E-2 | 4.97E-3 | 2.65E-4
Zr La '2042.4 | 92.8 85.4 77.2 - 66.6 21.0 .996 .119 | 1.83E-2 | 2.61E-3 | 1.40E-4
Cl Ka 2622.4 | 93.7 86.7 773 58.1 3.94 310 | 4.11E-2 | 6.50E-3 | 9.42E-4 | 5.08E-5
Ag La 2984.3 | 94.1 87.2 | 761 32.1 1.90 .173 | 2.38E-2 | 3.80E-3 | 5.53E~4 | 2.99E-5

.Ca Ko« 3691.7 | 94.7 87.4 62.3 5.62 .648 | 6.82E-2 | 9.72E-3 | 1.57E-3 | 2.30E-4 | 1.25E-5
Ti Ko 4510.8 | 95.1 '86.4 999 | 173 254 | 2.89E-2 | 4.21E-3 | 6.87E-4 | 1.01E-4 | 5.48E-6
V Ko 4952.2 | 95.3 84.5 5.15 1.07 167 | 1.94E-2 | 2.85E-3 | 4.67E-4 | 6.87E-5 | 3.73E-6
Cr Ka 5414.7° 1 95.5 78.9 2.98 685 112 | 1.33E-2 | 1.97E-3 | 3.23E-4 | 4.75E-5 | 2.58E-6
Mn Ka 5898.8 | 95.6 37.2 184 454 | 7.71E-2 | 9.28E-3 | 1.38E-3 | 2.26E-4 { 3.33E-5 | 1.81E-6
Co Ka 6930.3 | 95.7 . 754 .794 .214 | 3.81E-2 | 4.68E-3 | 6.99E-4 | 1.15E-4 | 1.70E-5 | 9.23E-7
Ni Ko 7478.2 | 95.7 4.44 542 150 | 2.72E-2 | 3.37E-3 | 5.05E-4 | 8.32E-5 | 1.23E-5 | 6.63E-7
Cu Ko 8047.8 | 95.5 2.76 374 .106 | 1.95E-2 | 2.43E-3 | 3.64E-4 | 6.01E-5 | 8.87E-6 | 4.83E-7
Ge Ka | 9886.4 | 66.5 1.01 .160 | 4.72E-2 | 8.87E-3 | 1.12E-3 | 1.69E-4 | 2.79E-5 | 4.12E-6 | 2.24E-7
Y Ke« 149880 | 5.35 .171 | 3.09E-2 | 9.47E-3 | 1.83E-3 | 2.34E-4 | 3.54E-5 | 5.85E-6 | 8.65E-7 | 4.71E-8
Mo Ka 17479.0 2.20 8.90E-2 | 1.64E-2 | 5.09E-3 | 9.88E-4 | 1.27E-4 | 1.92E-5 | 3.18E-6 | 4.70E-7 | 2.55E-8
Pd Ka 21177.0 .833 | 3.97E-2 | 7.51E-3 | 2.34E-3 | 4.57E-4 | 5.87E-5 | 8.90E-6 | 1.47E-6 | 2.18E-7 | 1.19E-8
Sn  Ka 25271.0 .365 | 1.91E-2 | 3.65E-3 | 1.14E-3 | 2.24E-4 | 2.88E-5 | 4.37E-6 | 7.24E-7 | 1.07E-7 | 5.86E-9
Xe Ka 29779.0 .176 -) 9.70E-3 } 1.87E-3 | 5.88E-4 | 1.16E-4 | 1.49E-5 | 2.26E-6 | 3.74E-7 | 5.53E-8 { 3.00E-9
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P(%)

Grazing Incidence Angle, § (milliradians)

‘Molybdenum (Mo) .
p = 10.20 gm/cm®
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Line E(eV) 5 mr 10 mr 15 mr 20 mr 30 mr 50 mr 80 mr 125 mr { 200mr | 400 mr
Al L2 724 | 99.5 99.1 98.6 98.2 97.3 95.5 92.8 88.8 82.0 58.6
*8i L2a 91.5 | 99.7 99.5 99.2 99.0 98.5 97.4 95.9 93.4 88.7 40.0
Be K 108.5 | 99.7 99.5 99.2 98.9 98.4 97.4 95.7 - 93.1 87.3 5.22
Zr M(¢ 151.1 | 99.2 98.4 97.5 '96.7 95.1 91.8 - 86.6 77.3 40.9 .535
B Ka 183.3 /| 98.6 97.1 95.7 - 94.3 91.5 85.9 76.8 58.0 6.57 .176
C Ka 277.0 | 91.2 83.2 75.9 69.1 57.2 38.5 19.8. 6.33 1.07 5.60E-2
N Ka 392.4 | 92.5 85.5 79.0 73.0 62.0 43.7 23.4 6.97 999 | 4.81E-2
Ti La 452.2 | 93.0 86.5 80.4 74.7 64.1 45.9 24.3 6.21 779 | 3.65E-2
(o] Ka 524.9 | 93.4 87.1 81.3. 75.7 65.3' 46.8 233 4.59 525 | 2.45E-2
Cr La 572.8 ) 93.8 87.9 82.3 76.9 66.8 48.2 22.8 3.64 402 . 1.89E-2
F Ko 676.8 | 94.1 88.5 83.1 77.9 T67.8 1 47.7 16.9 1.81 .206 | 9.96E-3
Co La 776.2 | 94.2 88.7 83.3 78.1 67.8 45.7 10.4 1.02 .121 | 6.00E-3
Ni La 851.5 | 94.5 89.2 84.0 78.9 68.5 44.6 6.85 .685 | 8.42E-2 | 4.22E-3
Cu La 929.7 | 94.6 . 89.5 84.4 79.3 68.7 41.7 4.28 460 | 5.82E-2 | 2.95E-3
Zn Lo 10117 | 94.7 89.6 84.5 79.3 68.3 36.3 2.71 .314 | 4.07E-2 | 2.09E-3
Mg Ka 1253.6 | 95.0 90.1 85.0 79.7 66.8 13.5 920 .122 | 1.66E-2 | 8.71E-4
Al Ka 1486.7 | 95.2 90.4 85.3. 79.5 62.7 4.37 404 | 5.78E-2 | 8.06E-3 | 4.27E-4
Si Ka 1740.0 | 95.3 90.6 85.2 78.7 49.6 1.74 .192 | 2.87E-2 | 4.08E-3 | 2.18E-4
Zr La 2042.4 | 954 90.5 84.6 75.8 13.8 " .717 | 8.86E-2 | 1.37E-2 | 1.97E-3 | 1.06E4
Cl Ka 2622.4 | 79.6 60.2 38.8 15.7 1.85 179 | 2.47E-2 | 3.96E-3 | 5.78E-4 | 3.13E-5
Ag La 2984.3 | 82.2 64.6 .43.1 16.2 1.72 .165 | 2.28E-2 | 3.66E-3 | 5.34E-4 | 2.80E-5
Ca Ka 3691.7 | 85.5 68.9 389 6.71 771 | 8.03E-2 | 1.14E-2 } 1.84E-3 | 2.70E-4 | 1.46E-5.
Ti Ke 4510.8 |. 87.1 68.7 14.1 2.29 .323 | 3.62E-2 | 5.26E-3 | 8.56E-4 | 1.26E-4 | 6.82E-6
V Ka 4952.2 | 87.7 66.9 7.37 1.42 .215 | 2.48E-2 | 3.62E-3 | 5.92E-4 | 8.70E-5 | 4.72E-6
Cr Ka 5414.7 | 88.2 62.6 4.22 918 .146 | 1.72E-2 | 2.53E-3 | 4.14E-4 | 6.09E-5 | 3.31E-6
Mn Ka 5898.8 | 88.6 51.1 2.58 -610 .101 { 1.21E-2 1'.7éFr3 2.93E-4 | 4.31E-5 | 2.34E-6
Co Ka 6930.3 | 89.0 12.5 111 .291 | 5.09E-2 | 6.21E-3 | 9.25E-4 | 1.52E-4 | 2.24E-5 | 1.22E-6
Ni Ka 7478.2 | 89.2 7.09 765 .207 | 3.69E-2 | 4.54E-3 | 6.78E-4 | 1.12E-4 | 1.65E-5 | 8.95E-7
Cu Ka 8047.8 | 89.2 4.39 539 .149 | 2.71E-2 | 3.36E-3 | 5.02E-4 | 8.28E-5 | 1.22E-5 | 6.64E-7
Ge Ka 9886.4 | 87.9 1.39 210 | 6.12B-2 | 1.14E-2 | 1.44E-3 | 2.17E-4 | 3.58E-5 | 5.28E-6 | 2.87E-7
Y Ka 14988.0 6.35 .192 | 3.44E-2 | 1.05E-2 | 2.03E-3 | 2.59E-4 | 3.92E-5 | 6.49E-6 | 9.59E-7 | 5.21E-8
Mo Ka 17479.0 2.43 9.60E-2 { 1.77E-2 | 5.47E-3 | 1.06E-3 | 1.36E-4 | 2.06E-5 | 3.41E-6 | 5.04E-7 | 2.74E-8
Pd Ka 21177.0 .894 | 4.23E-2 | 7.98E-3 | 2.48E-3 | 4.85E-4 | 6.24E-5 | 9.45E-6 | 1.57E-6 | 2.31E-7 | 1.26E-8
Sn  Ka 25271.0 427 | 2.20E-2 | 4.20E-3 | 1.31E-3 | 2.57E-4 | 3.31E-5 | 5.02E-6 | 8.32E-7 | 1.23E-7 | 6.71E-9
Xe Ke 29779.0 .210 | 1.14E-2 | 2.21E-3 | 6.92E-4 | 1.36E-4 | 1.75E-5 | 2.66E-6 | 4.40E-7 | 6.51E-8 | 3.53E-9
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Grazing Incidence Angle, 8 (milliradians)

Platinum (Pt)

‘p = 21.40 gm/cm’

3
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Line E(eV) 5 mr 10 mr 15 mr 20 mr 30 mr 50 mr 80 mr 125 mr | 200 mr | 400 mr
Al Lggs 72.4 | 98.3 96.6 94.9 93.2 90.0 83.9 75.5 64.2 485 20.1
Si  Lags 91.5 [ 989 | 979 96.8 95.8 93.7 89.7 83.9 75.7 62.6 28.1
Be K 108.5 | 99.0 98.0 97.0 96.0 94.1 90.3 84.7 76.5 62.6 15.4
Zr  M¢ 151.1 { 98.0 96.0 94.1 92.1 88.4 81.2 709 §5.7 . 28.5 .999
B Ka 1183.3 | 96.2 92.6 89.1 85.8 79.3 67.6 52.1 324 9.87 419
C Ka-: 277.0 | 94.9 90.0 85.4 81.0 72.8 58.3 40.4 20.5 - 4.58 211
N Ka 3924 | 94.3 89.0 83.9 79.0 70.0 543 34.9 14.2 2.25 2100
Ti La 4522 | 94.4 89.0 84.0 79.1 70.1 54.1 33.7 11.8 1.56 | 6.81E-2
0 Ka 624.9 | 94.1 88.5 83.1 78.1 68.6 51.6 29.7 7.95 919 | 4.13E-2
Cr La 572.8 | 93.9 88.2° 82.8 77.6 67.9 50.5 27.9 . 6.60 .746 | 3.39E-2
"F Ka 676.8 | 94.1 88.5 83.1 78.0 68.2 - 50.1 24.7 4.00 432 | 2.01E-2
Co La 776.2 | 93.9 88.2 -82.7 77.4 67.3 47.9 19.5 2.40 .268 | 1.28E-2
Ni Le 851.5 | 94.1 88.4 83.0 77.8 67.7 47.4 15.9 1.68 .192 | 9.31E-3
Cu La 929.7 | 94.1 - 88.6 83.2 77.9 67.6 46.1 11.8 1.16 .137 | 6.73E-3
Zn La 1011.7 | 94.2 88.6 83.3 78.0 67.5 44.2 8.07 .803 | 9.77E-2 | 4.87E-3
Mg Ka 1253.6 | 94.3 88.7 83.3 77.8 66.1 33.6 2.64 - .308 | 4.01E-2 | 2.06E-3
Al Ke 1486.7 | 94.2 88.5 82:8 76.9° 63.1 15.6 1.07 141 | 1.90E-2 | 9.94E-4
Si  Ke 1740.0 | 93.8 87.8 8L.5 74.6 .56.3 4.99 .455 | 6.46E-2 | 8.99E-3 | 4.76E-4
Zr La 2042.4 | 91.6' 83.1 74.0 62.8 22.5 112 .133 | 2.03E-2 | 2.90E-3 | 1.56E-4
Cl Ka 2622.4 | 83.1 67.9 §3.2 38.1 10.8 854 108 | 1.67E-2 | 2.41E-3 | 1.29E-4
Ag La 2984.3 | 85.0 71.0 56.6 40.3 8.92 .660 | 8.41E-2 | 1.31E-2 | 1.89E-3 | 1.02E4
Ca Ka 3691.7 | 86.3 72.7 56.6 33.7 3.61 302 | 4.04E-2 | 6.40E-3 | 9.20E-4 | 5.01E-5
Ti  Ka 4510.8 | 87.6 73.9 53.0 14.7 1.35 131 | 1.82E-2 | 2.93E-3 | 4.28E-4 | 2.31E-5
vV  Ka 4952.2 | 88.1 74.0 47.3 7.95 .858 | 8.81E-2 | 1.25B-2 | 2.01E-3 | 2.94E-4 | 1.59E-5
Cr Ka 5414.7 | 885 73.8 35.4 4.56 .564 | 6.04E-2 | 8.64E-3 | 1.40E-3 | 2.05E-4 | 1.11E-§
Mn Ka 5898.8 | 88.8 . 73.0 19.2 2.78 379 | 4.20E-2 | 6.06E-3 | 9.87E-4 | 1.45E-4 | 7.85E-6
Co Ka | 6930.3 | 89.3 68.8 5.81 1.18 .183 | 2.12E-2 | 3.11E-3 | 5.08E-4 | 7.47E-5 | 4.06E-6
Ni Kea 7478.2 | 89.5 63.3 3.61 .806 130 | 1.54E-2 | 2.26E-3 | 3.71E-4 | 5.46E-5 | 2.96E-6
Cu Ka 8047.8 | 89.6 48.9 2.35 .564 | 9.41E-2 | 1.13E-2 | 1.66B-3 | 2.73E-4 | 4.02E-5 | 2.19E-6
Ge Ka 9886.4 | 89.5 ©7.36 785 212 | 3.77E-2 | 4.64E-3 | 6.93E-4 | 1.14E-4 | 1.68E-5 | 9.15E-7
Y ‘Ko | 14988.0 | 56.2 .811 131 | 3.89E-2 | 7.36E-3 | 9.31E-4 | 1.40E-4 | 2.32E-5 | 3.43E-6 | 1.86E-7
Mo Ka 17479.0 | 25.7 420 | 7.18E-2 | 2.17E-2 | 4.14E-3 | 5.27E-4 | 7.95E-5 | 1.31E.5 { 1.94E-6 | 1.06E-7
Pd Ka | 212770 | 5.87 . .183 | 3.29E-2 | 1.01E-2 | 1.94E-3 | 2.49E-¢ | 3.76E-5 | 6.22E-6 | 9.20E-7 | 5.00E-8
Sn  Ke | 25271.0 | 2.11 8.61E-2 | 1.59E-2 | 4.93E-3 | 9.58E-4 | 1.23E-4 | 1.86E-5 | 3.08E-6 | 4.55E-7 | 2.47E-8
Xe Ka | 29779.0 915 | 4.31E-2 | 8.13E-3 | 2.53E-3 | 4.94E-4 | 6.35E-5 | 9.62E-6 | 1.59E-6 | 2.36E-7 | 1.28E-8
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P(%)

Grazing Incidence Angle, 6 (milliradians)

Gold (Au)

p =19.30 gm/cm®

Line E(eV) 5 mr 10 mr 15 mr 20 mr 30 mr 50 mr 80 mr 125 mr | 200 mr | 400 mr
Al La3 - 724 98.7 97.5 96.3 95.0 92.6 88.0 81.5 72.3 58.6 28.1
Si L2,3 91.5 | 98.9 97.7 96.6 95.5 93.4 89.1 83.1 74.4 60.7 24.1
Be K 108.5 | 99.0 98.0 96.9 95.9 94.0 90.1 84.5 76.2 62.1 14.6
Zr M¢ 151.1 | 98.7 97.4 96.0 94.8 92.2. 87.2 79.7 68.0 42.7 1.19
B Ka 183.3 | 97.0 94.0 91.1 88.3 - 82.9 72.8 58.7 %8.8 11.1 376
(o] Ka 277.0 | 949 90.0 85.4 81.0 72.7 58.0 . 39.6 18.8 3.50 152
N Ka 392.4 | 94.2 88.7 83.6 78.6 69.4 53.2 33.0 11.7 1.58 7.00E-2
Ti La 452.2 | 93.9 88.2 82.8 77.7 68.1 51.2 29.9 8.76 1.07 4.83E-2
(o] Ka 524.9 | 93.8 87.9 823 77.0 67.1 49.5 26.8 6.20 .708 { 3.24E-2
Cr La 572.8 | 93.7 87.7 82.0 76.6 66.5 48.3 24.6 4.82 540 | 2.51E-2
F Ko 676.8 | 93.5 87.4 -81.6 76.0 65.5 46.1 19.9 - 2.86 - 322 | 1.53E-2
Co La 776.2 | 93.5 87.4 81.5 75.9 65.2 44.5 15.3 1.77 205 | 9.95E-3
Ni La 851.5 | 93.5 87.4 81.5 75.8 64.9 43.0 11.7 1.24 147 | 7.25E-3
Cu La 929.7 | 93.5 87.4 81.5 75.8 64.5 41.1 8.47 .880 107 | 5.34E-3
Zn La 1011.7 | 93.6 87.5 81.6 75.8 64.3 39.0 5.91 628 | 7.82E-2 | 3.94E-3
Mg Ka 1253.6 | 93.8 87.8 - 819 76.0 63.3 27.7 2.06 .251 | 3.31E-2 | 1.71E-3
Al Ka 1486.7 | 93.7 87.7 81.5 75.2 . 60.1 11.6 .869 117 | 1.59E-2 | 8.36E-4
Si Ka 1740.0 | 93.5 87.1 80.5 73.2 53.0 4.03 .386 | 5.55E-2 | 7.75E-3 | 4.11E-4
Zr La 2042.4 | 92.3 84.7 76.3 65.9 26.3 1.22 143 | 2.17E-2 | 3.10E-3 | 1.66E-4
Cl Ka 2622.4 829 - 674 52.3 36.7 9.46 .753 | 9.60E-2 1.‘49E-2 2.15E-3 | 1.16E-4
Ag La 2984.3 | 83.6 68.3 52.7° 35.1 6.56 519 | 6.75E-2 | 1.06E-2 | 1.53E-3 | 8.25E-5
Ca Ka 3691.7 | 84.9 69.8 51.8 26.3 2.68 238 | 3.23E-2 | 5.15E-3 | 7.48E-4 | 4.04E-5
Ti Ka 4510.8 | 86.4 71.1 46.5 10.2 1.05 .105 | 1.48E-2 | 2.39E-3 -| 3.49E-4 | 1.89E-5
v Ka 4952.2 | 86.9 7.1 38.5 5.74 .677 | 7.14E-2 | 1.02E-2.- | 1.65E-3 | 2.41E-4 | 1.31E-5
Cr Ka 5414.7 | 873 70.6 . 244 3.41 449 | 4.91E-2 | 7.06E-3 | 1.15E-3 | 1.68E-4 | 9.13E-6
Mn Ke 5898.8 | 87.7 '69.5 12.8 $ 213 .304 | 3.42E-2 | 4.97E-3 | 8.10E-4 { 1.19E-4 ] 6.46E-6
Co Ka 6930.3 | 88.2 - 62.9 4.29 .929 148 | 1.74E-2 | 2.55E-3 | 4.18E-4 | 6.15E-5 | 3.34E-6
Ni  Ka 7478.2 | 88.4 53.0 2.74 641 106 | 1.26E-2 | 1.86E-3 | 3.05E-4 | 4.49E-5 | 2.44E-6
Cu Ka 8047.8 | 88.5 30.7 1.82 <451 | 7.67E-2 | 9.24E-3 | 1.37E-3 | 2.25E-4 | 3.32E-5 | 1.80E-6
Ge Ka 9886.4 | 88.3 5.38 .628 172 | 3.10E-2 | 3.84E-3 | 5.74E-4 | 9.45E-5 | 1.39E-5 | 7.58E-7
LY Ka 14988.0 1 44.7 .627 .104 | 3.11E-2 | 5.90E-3 | 7.49E-4 | 1.13E-4 | 1.87E-5 | 2.76E-6 | 1.50E-7
Mo Kea 17479.0 | 15.9 .333 | 5.79E-2 | 1.76E-2 | 3.37E-3 | 4.29F-4 | 6.48E-5 | 1.07E-5 | 1.58E-6 | 8.61E-8
1 Pd Ka 21177.0 4.28 147 | 2.67E-2 | 8.21E-3 | 1.59E-3 | 2.03E-4 | 3.07E-5 | 5.09E-6 | 7.52E-7 | 4.09E-8
Sn Ka 25271.0 1.62 6.96E-2 | 1.30E-2 | 4.02E-3 | 7.83E-4 | 1.01E-4 | 1.52E-5 | 2.52E-6 | 3.72E-7 | 2.03E-8
Xe Ka 29779.0 .720 | 3.50E-2 | 6.63E-3 | 2.07E-3 | 4.04E-4 | 5.20E-5 | 7.87E-6 { 1.30E-6 | 1.93E-7 | 1.05E-8
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TABLE 2. Incoherent Scattermg Cross. Sectlons Z2=2-20,
E=3000-30, 000 eV

E Photon energy in electron volts (eV).

Oinc Incoherent (Compton) scattering cross section in cm?/gram calculated from
Eq. (36) using the analytical expression for the atomic form factor given
in [8]. Values are given only for photon energies which are large compared
to the electronic binding energies.
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TABLE 2. Incoherent Scattering Cross Sections (cm?/ gm)
Z = 2-20 and E = 3000-30,000 eV

Line | E(eV) | He(2) | Li3) | Be(@) | B(s) | c6) | N(7) | 0(®) | F(9)

Zn La | 1011. | .0110 | .0369 | .0305 | .0247 | .0208 | .0162 | .0129 | .0100
Na Ko | 1041. | .0117 | .0384 | .0319 | .0259 | .0218 | .0170 | .0136 | .0106
Ge Lo | 1188. | ‘0149 ] .0456 | .0391 | .0323 | .0275 | .0215 | .0174 | .0135
Mg Ko | 1253. | .0165 | .0487 | .0424 | .0352 | .0301 | .0237 | .0192 | .0150
Al Ko | 1486. | .0225 | .0587 | .0535 | .0457 | .0398 | .0317 | 0259 | .0204

Si Ke 1740. | .0296 | .0680 | .0649 | .0569 | .0506 | .0410 | .0339 | .0268
Zr Lo 2042. | .0387 | .0770 | .0768 | .0696 | .0633 | .0523 | .0438 | .0351
Mo Lo | 2293. | .0466 | .0831 | .0854 | .0792 | .0733 | .0616 | .0522 | .0421
Cl Ko 2622. | .0570 | .0898 | .0950 | .0903 | .0856 | .0734 | .0631 ] .0515
Ag Lo 2984. | .0683 | .0958 | .103 .101 .0976 | .0854 | .0746 | .0617

Ca Ko.| 3691. | .0889 | .105 116 17 17 .106 .0947 | .0803
Ti Ke 4510. | 109 114 125 129 133 124 114 .0986
V Ke 4952. | .118 118 129 134 .140 131 122 107 :
Cr Ko 5414. | .127 122 133 .139 145 138 .130 115
Mn Ko |- 5898. | .135 126 .136 .143 151 144 137 122

Co Ko 6930. | .148 133 | 142 .149 .159 154 | 2148 134
‘Ni Ko 7478. | .154 .137 144 .152 162 | .158 153 139
Cu Ko 8047. | .158 .140 | .147 154 .165 .162 158 144
Ge Ko | 9886. | .170 .148 153 .160 173 171 | 168 .155
Y Ko | 14988. | .185 .160 .164 171 184 .183 .182 171

Mo Ko | 17479. | .189 | .163 167 174 187 .186 | .185 174
Pd Ko | 21177.°} .192 .166 .170 177 .190 .190 .189 178
Sn Ko | 25271. | .195 ".168 172 179 193 | .192 192 .181

Xe Ko | 29779. | .196 .169 173 .180 194 .194 .194 .183

Line E(eV) | Ne(10) | Na(11) | Mg(12) | Al(13)-| Si(14) | P(15) | S(16) | Cl(17) | Ar(18)
Zn Lo 1011. | .0087 ’ .

Na Ko 1041. | .0092
Ge La 1188. | .0118 .0221
Mg Ko | 1253. | .0131 .0239 .
Al Ko | 1486. 0179 L0300 .0342

Si Ka | 1740. | .0238 | .0364 | .0420 | .0438
Zr Lo | 2042.{ .0313 | .0435 |..0506 0529 | .0548 ,
Mo La | 2293. | .0379 | .0492 | .0571 0597 | .0624 | .0588
Cl Ka | 2622.| .0468 | .0563 | .0649 | .0678 | .0714 | .0682 | .0677 .
"Ag Lo | 2984.| 0566 | .0638 | 0726 | .0756 | .0802 | .0774 | .0777 | .0718 .

Ca Ka 3691. :0751 0780 .0859 0885 .0943 .0922 | .0940 | .0883 .0804

| Ti Ka| 4510. ] .0041 .0032 .0995 101 107 105 - .| .108 .103 .0952
V' Ko | 4952. 1| .103 .101 .106 107 113 111 .115 .110 ..102
Cr Ko | 5414. | 112 108 | 113 112 18 | .aie .120 115 .107
Mn Ko | 5898. |..120 115 119 .118 124 121 126 121 .113
Co Ko | 6930. | .13¢ | .127 131 128 134 | 131 .135 .130 122
Ni Ka | 7478. | .140 .133 136 .133 138 .135 139 134 126
Cu Ko 8047. 145 1 .138 142 138 .| .143 139 143 138 129
Ge Ko | 9886. | .158 151 155 .150 -.155 150 154 .148 139
Y Ko | 14988. | .176 .169 174 169 ] .174 .168 173 | .166 155
Mo Ko | 17479. | .181 174 179 174 | aTe 174 178 | 171 .160
Pd Ko | 21177. | .185 178 ¢ .183 179 .184 179 184 176 165
Sn Ko | 25271. | .188 .181 187 .182 .188 .182 .188 .180 .169
Xe Ka | 29779. | 191 | .184 .189 .184 191, | .185 .190 .183 171
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TABLE 3b. Bragg Reﬂectlon Characteristics for Natural
Crystals

Photon energy in electron volts (eV).
Wavelength in Angstroms (A).
~ Distance between crystal planes in Angstroms (4).
Integrated reflection efficiency calculated by Lorentzian or mosaic-crystal
model, Eq.(72) (in milliradians), for unpolarized radiation.
Integrated reflection efficiency calculated by integration of modified

_ Darwin-Prins relation, Eq.(26) (in milliradians). Numerlcal integration lim-

: its of +5w. Unpolarized radiation.
R:/Re Ratio of the integrated reflectivity for w-polarization to the integrated re-
flectivity for.o-polarization calculated for the modified Darwm-Prms model,

Eq.(26) by numerical integration.

éulgoo.»itq‘

Pr(%) " Percentage reﬂectmty at peak 100 x I(6)/Io given by Eq. (26) for =-
_ ~ polarization.
P, (%) Percentage reﬂect1v1ty at peak 100 x I(6)/I, given by Eq.(26) for o-
' polarization.
War Full-width-at-half-maximum (FWHM) in milliradians of rocking curve I (9)
~ given by Eq.(26) for w-polarization.
Wo Full-width-at-half-maximum (FWHM) in mllhradlans of rockmg curve I(6)
given by Eq. (26) for o-polarization.
E/AE, Resolving power of the analyzer for 7-polarization.
E/AE, Resolving power of the analyzer for o-polarization.

References The 2d-values listed here for the acid phthalate analyzers are those mea-
sured and recommended by Blake et al. ([41]) and are-absolute (corrected
for refraction). The other 2d-values were taken from the compilation by
Bertin ([18]). - '

The integrated reflectivity data shown were taken from the following
.. sources:

° ~ Henke et al. (unpubhshed)

J. V. Gilfrich, D. B. Brown, and P. G Burkhalter Applied Specroscopy
29, 322 (1975).

@l A. L. Zapysov, I. M. Izrailev, V. A. Podgornov N A. Kha.rvomn Pnbory
1 Tekhnika Eksperimenta 6, 170 (1982).

A. J. Burek and B. Yaakobi. LLE Report No. 139 (Jan. 1983)
B. Yaakobi (private communication).

A. J. Burek, D. M. Barrus, and R. L. Blake. Astrophys1cal Journal 191,

533 (1974).

b P. G. Burkhalter, J. V. Gllfnch D. B. Brown, and D. L Rosen SPIE Vol.
689, p.121 (1986).

A ~ D.B. Brown M. Fatemi, and L. Birks J. Appl Phys. 45 1555 (1974).
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Silicon (422)

142

Si
- 2d =2.217A
Line E(eV) | Rm(mr) | Rp(mr) | Rx/Ro | Px(%) | Po(%) | wa(mr) | wo(mr) | E/AE, | E/AE, | X(A)
Mn Ko | 5899. 181 0456 761 ] 88.3 993 .0384 0469 | 77600 63600 2.10
Tb La | 6273. 110 .0265 531 | 81.7 99.1 . .0189 0313 | 104000 63000 1.98
Fe Ka | 6404. 0980 .0231 461 | 794 99.2 .0154 .0284 | 117000 63200 1.94
Co Ka | 6930. .0735 .0150 230 | 68.0 ~ | 99.5 .0067 .0217 | 202000 63000 1.79
Ni Ka | 7478 .0646 0108 .0601 | 41.9 99.1 .0023 .0180 } 486000 62400 1.66
Lu Lo | 7656. 0634 .0099 0241 | 24.5 99.3 .0013 .0171 | 787000 62500 1.62
Cu Ka | 8048. .0625 .0088 .0076 | 10.9 99.2 .0008 0155 | 1.2e+6 62300 1.54
W  La | 8398 .0632 .0086.| .0629 | 47.7 99.5 .0017 .0143 | 523000 62300 1.48
Zn Ko | 8639. 0641 0086 109 | 594 99.5 .0023 .0136 | 368000 62500 1.44
Re Lo | 8912 .0656 .0085 161 | 703 99.5 .0028 .0129 | 287000 62200 1.39
Ga Ka | 9252. 0679 .0085 221 | 774 99.7 .0033 0121 | 227000 62500 | 1.34
‘Pt Lo | 9442. 0694 .0085 252 | 802 99.6 .0035 .0118 | 205000 | 62400 1.31
1 Au Le | 9713. o717 .0084 295 | 833 99.7 .0038 0112 } 182000 -} 62800 1.28
Ge Ka | 9886. .0730 .0084 320 | 849 99.6 .0040 .0110 | 171000 62200 1.25
Hg Lo | 9989. .0738 .0083 334 | 857 99.6 0041 0108 | 164000 62400 1.24
Y Ko | 14990. 127 .0065 713 | 973 | 999 0046 | .0063 | 86900 63000 .827
Mo Ka | 17480. .155 0057 791 | 984 99.9 .0042 .0053 | 79400 63000 .709
Pd. Ka | 21180. .197 .0048 863 | 99.2 99.9 .0037 .0043 | 73600 | 63100 .585
Sn  Ka | 25270. .245 0041 901 | 995 100. - 0032 .0035 | 70300 63500 491
Xe Ka | 29780. .298 .0035 932 | 99.7 100. .0028 .0030 | 68200 63400 416
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Germanium (422)

143

Ge
2d =2.310A
Line E(eV) | Rm(mr) | Rp(mr) | Re/Ro | Px(%) | Po(%) | we(mr) | wo(mr) | E/AE. | E/AE, | A (4)
Cr Ka 5415. 1.20 342 955 . | 94.8 99.5 314 .318 27500 27000 2.29
Mn Ko 5899. .258 .0722 .598 81.4 99.4 .0560 .0822 39300 26800 2.10
Tb La 6273. 181 0477 .388 73.5 99.3 .0301 .0622 55100 26600 .1.98
Fe Ko 6404. 167 .0425 325 704 . 99.7 0245 0577 62700 26600 1.94
Co Ka 6930. 134 .0289 124 51.6 99.5 .0098 L0461 1 125000 26600 1.79
Ni Ko 7478. 122 .0219 0048 5.76 99.4 .0025 - .0388 | 413000 | 26600 1.66
Lu La 7656. 120 .0208 0017 2.29 99.7 .0021 .0370 | 458000 26600 1.62
Cu Ka 8048. 119 .0200 .0539 | 39.0 99.5 .0040 0335 | 223000 26700 1.54
w La 8398. .120 0197 JA21 58.5 99.7 - 0058 .0310 | 142000 26900 148
Zn Ko | 8639. 122 .0196 167 66.5 99.5 .0068 0295 11500(_) 26900 144
Re La ' 8912. 124 .0194 216 72.7 1 99.9 .0078 .0279 96400 27100 1.39
Ga Ka 9252. 127 0191 272 78.0 99.8 ' . .0087 | . .0262 81500 27200 1.34
Pt La 9442. 128 .0189 .303 80.2 99.6 .0091 .0254 75700- 27300 1.31
At La 9713. .130 .0186 341 82.8 99.7 .0095 0242 69400 27400 1.28
Ge Kq - 9886. 132 0184 365 84.2 99.6 .0097 .0234 66400 27600 1.25
.Hg La | 9989. ..133 .0182 378 85.0 99.6 .0098 .0230 | 64900 27800 1.24
Y Ka | 14990. 0342 0126 683 79.1 98.7 .0109 .0138 35100 27800 827
Mo Ka | 17480. 0411 .0120 773 | 86.7 99.2 0104 0123 31200 26200 709
Pd Ka | 21180. .0501 0107 849 92.4 99.6 .0092 0104 28400 25100 585
Sn Ka | 25270. 0593 .0094 .896 954 99.8 .0080 .0088 269_00 24700 .:1_91
Xe Ka | 29780. .0691 .0083 929 97.2 99.7 - .0070 0074 | 26100 24500 416
T~ D 24 J - e -
¥ //\ /
AL 4 -
* 1\
el \ . -
)
=" — I l 7 v
< - — o
\ I 1
AN s - \
Y
< o
5000 10000 5000 . .10000
- E(eV)  E(eV)
A oY
\ - b
© ‘ = —> 13
Q: \ E \ Yod N
E = " "ameae
i s .‘___.-.-. b o
! ‘/ lr va
\ AW
\/ 3 v
[ fr ‘Q_ .
5000 10000 " 5000 10000
E(eV) E(eV)




Lithium Floride (220)

144

LiF
2d =2.848A
Line E(eV) Rm(mr) | Rp(mr) | Rx/Ro P (%) Po(%) | wx(mr) | wo(mr) | E/AE, E/AE, A (A)
Ba La 4466. 1.32 134 892 97.0 | 99.7 .110 122 40100 36200 2.78
Ti Ka 4511. 1.09 111 .852 96.5 99.8 .0888 .102 41800 36200 2.75
1V Ko 4952. 482 0454 519 92.5 99.8 0280 .0509 65800 36200 2.50
Cr Ka 5415. 351 0278 262 87.0 99.8 .0111 .0372 | 122000 36300 2.29
Mn Ka 5899. 312 .0190 0626 | 67.1 99.9 0027 .0301 i 399000 36300 2.10
Tb La 6273. .308 .0161 L0182 | 42.0 99.9 .0010 .0265 | 947000 36400 1.98
Fe Ka 6404. 310 .0160 0529 | 66.7 99.9 .0019 .0254 | 486000 36500 1.94
Co Ka 6930. 328 0158 ..189 88.6 99.9 .0047 .0221 | 171000 36500 1.79
Ni Ka 7478. 359 L0154 304 93.6 99.9 .0063 0196 | 113000 36500 1.66
Cu XKa 8048. 397 0149 .403 95.8. 99.9 .0073 0176 88000 36600 1.54
w La 8398. 423 .0145 451 96.7 99.9 .0076 .0166 79100 36600_ 1.48
Zn Ka 8639. 442 0143 482 97.1 100. .0078 .0159 74300 36700 1.4
Ga Ko 9252. 491 0137 549 | 97.9 99.9 .0081 0145 65800 - 36700 11.34
Pt Lo 9442, 507 0135 .568 98.1 - 99.9 . 0081 | . .0141 63800 36700 1.31
Au La 9713. 529 0132 592 98.3 100. ) .0081 .0136 61300 36800 1.28
Ge Ka 9886. 544 0131 .606 98.4 100. .0082 .0133 59800 36800 1.25
Hg La | 9989. .552 .0130 614 98.5 100. 0081 0132 59100 36800 1.24
Y Ko | 14990. 1.01 .0092 829 99.7 100. .0068 .0082 44400 36900 827
Mo Ka | 17480. 1.25 .0080 |- .874 | 99.8 100. .0061 .0069 42200 37000 .709
Pd Ka | 21180. 1.63 .0067 915 99.9 100. 0051 0056 40500 37000 .585
Sn Ko | 25270. 2.06 0056 {  .940 99.9 100. 0044 L0047 39300 37100 491
Xe Ko | 29780. 2.54 .0048 956 100. 100. .0038 .0039 38700 37100 416
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. Silicon (220)

145

Si
2d =3.840A
Line E(eV) | Rm(mr) | Rp(mr) | Rx/Ro | Px(%) | Po(%) | wa(mr) | wo(mr) | E/AE, | E/AE, A (A)
Ca Ka 3692. . .185 0774 420 62.3 99.6 .0595 .0990 30400 18200 3.36
Ba La 4466. 117 0341 .0068 4.27 99.5 .0073 .0618 | 143000 16900 2.78
Ti Ka 4511. 177 .0334 .0023 1.59 99.5 .0067 .0607 | 153000 16900 | 2.75
v Ka 4952. .118 . .0306 .0691 | 329 99.6 _~.0091 0519 94300 16600 2.50
Cr Ka 5415. 126 .0304 205 61.0 99.5 .0138 0455 53700 16300 -2.29
Mn Ko 5899. 139 .0301 .331 74.6 99.5 0167 -0403 39200 16200 2.10
Co Ka 6930. 170 .0283 523 87.0 99.8 0188 0327 28000 16100 1.79
Ni Ko 7478. .187 .0272 .593 '90.2 99.8° 0189 .0298 25300 16100 1.66
Cu Ka 8048. .206 0260 651 | 925 99.8 .0187 .0273 23500 16100 1,54
Zn Ko | 8639. .225 02481 - 699 | 94.1 99.9 .0182 .0251 22100 | 16100 1.44
Pt La 9442. .250 . .0232 749 | 956 99.8 0175 0226 20800 16100 | 1.31
Au Lo 9713. . 259 0227 | - 764 96.0 99.9 0172 ..0219 20500 | 16100 1.28
Ge Ko 9886. .263 0224 772 96.2 99.9 .0170 0215 20300 16100 1.25
Hg Lea 9989. .266 0222 778 96.3 99.9 .0169 0212 20200 16100 1.24
Y Ka | 14990. 419 0157 905 99.0 100. 0124 ».0136 17800 16200 827
Mo Ka | 17480. 496 .0136 .930 99.4 100. 0108 0116 17400 16200 .709
Pd Ka | 21180. 614 .0113 953 99.7 100. .0090 .0094 17100 16300 585
Sn Ka | 25270. 749 0095 967 99.8 100. .0076 .0079 16900 16300 491
Xe Ka | 29780. .901 .0081 .976 99.9 100. .0065 .0066 16700 16300 416
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Fluorite (220)

146

CaF,
2d =3.862A
" Line | E(eV) | Rm(mr) | Rp(mr) | Re/Ro | Pr(%) | Po(%) | we(mr) | wo(mr) | E/AEx | E/AE, { A (A)
Ca Ko | 3692. 679 112 465 | 85.4 99.9 0703 135 35100 13100 3.36
Ba Lo | 4466. .0941 .0386 .0026 948 " | 98.8 .0143 0698 | 72300 14800 2.78
Ti Ka | 4511 .0946 .0382 .0003 157 | 98.2 0129 .0695 | 78600 14600 2.75
V  Ka | 4952. .100 0365 | - .0609 | 21.7 99.1 0142 .0630 | 60100 13500 2.50
Cr Ka | 5415. 10 .0371 187 | 48.3 98.9 0191 0572 | 38500 12900 2.29
Mn Ka | 5899. 122 .0374 312 | 644 99.6 .0226 .0519 | 28700 12500 2.10
Co Ka | 6930. .149 .0364 509 | 80.7 99.6 .0256 0434 | 20400 12000 1.79
Ni Ka | 7478 .164 .0353 583 | 85.2 99.8 .0258 .0399 | 18400 11900 1.66
Cu Ka | 8048. .179 .0341 643 | 885 99.7 .0255 .0368 | 17000 11800 1.54
Zn Ka | 8639. .195 0327 692 | 909 99.8 .0250 .0340 | 16000 11800 1.44
Pt Lo | 9442. 215 .0309 745 | 93.1 99.9 0240 0309 | 15100 § 11700 | 1.31
Au La | 9713. 222 .0303 760 | 93.7 99.6 .0236 | .0300 | 14800 11700 1.28
Ge Ka | 9886. . 228 .0299 768 | 94.1 99.8° 0234 0294 | 14700 11700. | 1.25
Hg Le | 9989. 232 0297 774 | 94.3 99.9 .0233 .0290 | 14600 11700 1.24
Y  Ka | 14990. .356 .0213 905 | 984 99.9 0171 .0188 | 12800 11700 .827
Mo Xa | 17480. 416 0185 930 | 99.0 99.9 .0149 .0160 | 12500 11700 . 709’
Pd  Ka | 21180. .505 0155 | 953 | 99.4 99.9 .0125 .0131 | 12300 .| 11700 585
S Ka | 25270. .605 .0131 967 | 99.7 100. .0106 .0109 | 12100 11700 491
Xe Ka | 29780. 719 0111 977 | 99.8 100. .0090 .0092 | 12000 11800 416
® === = S . e
2 ra
= = i -~
3 ~- == 8 /
~ " s . ~ 1
8y = Q
— o
3000 10000 3000 10000
E(eV) E(eV)
\ E
/ ‘lr
/ I
\ /| :
(<] —k\ .
< / £ =\
2 < =
C ] WA=
\ e
\ / .....ﬂ“
- 3000 10000 3000 10000 '
E(eV) E(eV)




Germanium (220)

147

Ge
2d =4.000A
Line E(eV) | Rm(mr) | Rp(mr) | Re/Re | Px(%) | Po(%) | we(mr) | wo(mr) | E/AE, | E/AE, | A(A)
Ca Ka 3692. 372 .162 287 52.7 99.3 102 216 15100 7160 3.36
Ba Lo 4466. 267 .0782 .0045 2.91 99.4 .0166 142 58200 6780 2.78
Ti Ka 4511. .267 0773 0101 6.23 99.6 - 0171 ] .140 55400 6770 2.75
Vv Ka 4952, 274 0746 125 45.1 99.8 - L0288 | .120 27900 6680 2.50
Cr Ka 5415. T .293 .0738 -261 65.5 99.6 | .0382 106 18300 661_0 2.29
Mn Ka 5899. 319 0723 379 76.3 99.7 0434 .0939 14200 6580 2.10
Co Ka 6930. 378 0671 557 87.1 99.9 0465 0761 10800 6570 1.79
Ni Ka 7478. 408 .0641 622 | 90.0 99.9_ .0461 .0692 9890 6580 1.66
Cu Ka 8048.. 439 0608 675 92.2 99.8 0449 .0632 9290 6600 1.54
Zn _ Ka 8639. .468 0575 - .720 93.6 99.9 .0433 0578 8870 6650_' 1.44
Pt La | 9442. 503 |- 10532 | .767 | 95.2 99.9 0408 | .0517 | 8510 | 6720 | 1.31
Au  La 9713. 512 .0517 780 95.6 99.9 .0399 .0498 8440 6760 1.28
Ge Ko | 9886. - 520 0508 [ 790 | 95.8 99.9 0393 | .0486 | s410-| 6800 | 1.25
Hg La 99§9. ’ 524 .0503 795 . | 96.0 99.9 .0389 - 0479 8390 6820 1.24
Y Ka | 14990. 116 .0326 .894 91.6 99.6 0294 .0314 7190 . 6740 827
| Moo Ka | 17480. 134 0298 | .923 94.5 99.7 - .0265° 0279 6810 - 6460 .709
Pd Ko | 21180. .159 0259 951 | 968 99.7 0226 | 0235 | 6540 6300 585
Sn Ka 2527_(_). .185 .0224 967 | 98.1 99.9 .0193 .0198 6410 6230 491
Xe ~Ka | 29780. 213 0195 1~ 977 98.8 100. 0165 .0169 6330 6210 416
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Lithium Floride (200)

LiF
2d =4.0274
Line E(eV) | Rm(mr) | Rp(mr) | Rx/Re | Px(%) | Po(%) | wr(mr) | wo(mr) | E/AEx | E/AEs | X (A)

Ca Ka 3692 707 .087 350 | 853 ] 99.9- 044 111 34300 13600 3.36
Ba Lo 4466 .553 .042 023 | 394 99.9 .003 069 | 261000 13600 2.78
Ti Ko 4511 .555 .042 038 | 51.3 99.9 .004 068 { 192000 13600 2.75
v Ke 4952 .591 .041 197 | 84.8 99.9 .013 .058 59200 13600 2.50
Cr Ko 5415 655 040 .330 | 91.8 _ 99.9 .018 .050 38400 13700 2.29
Mn Ko 5899 736 .038 438 | 94.8 | 99.9 .020 044 29900 13700 2.10
Co Ko 6930 932 034 596 | 97.5 100. .022 .036 22600 | 13700 1.79
Ni Ko 7478 1.04 .033 654 | 98.1 100. 021 .032 20700 13700 1.66
Cu Ko 8048 1.16 .031 702 | 98.6 100. .021 .030 19400 13800 1.54
Zn Ko 8639 1.28 029 742 | 98.9 100. .020 027 18500 13800 1.44
Pt La 9442 1.45 027 785 | 99.2 100. 019 .025 17500 13800 1.31
Au Lo 9713 1.51 .026 797 | 99.3 100. 019 .024 17200 13800 1.28
Ge Ko 9886 1.55 .026 .803 | 99.3 100. - .019 .023 17100 13800 1.25
Hg Lo 9989 1.57 .026 .808 | 99.3 -100. .019 .023 17000 13800 1.24
Y Ko | 14990 2.69 017 915 | 99.8 100. 013 .015 15100 13900 .827
Mo Ko | 17480 3.30 015 938 | 99.9 100. 012 012 14800 13900 .709
Pd Ka | 21180 4.23 -.012 958 | 99.9 100. 010 .010 14500 13900 585
Sn Ko | 25270 5.30 .010 970 | 100. 100. .008 .008 14300 13900 491
Xe Ko | 29780 6.51 .009 979 | 100. 100. .007 007 14200 13900 416
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Copper (111)

Cu
2d =4.174A
Line E(eV) | Rm(mr) | Rp(mr) | Re/Ro | Px(%) | Po(%) | wx(mr) | wo(mr) | E/AE. | E/AE, | A(A)
Ag La | 2984 10.23 3.03 976 | 94.7 99.7 361 | 357 3730 3760 415
K Ko 3314 | 125 .466 521 | TLT 99.7 .369 .559 5490 3620 3.74
Ca Ka | 3692. .784 .251 .190 | 505 99.8 126 .384 10800 3530 3.36
Sc  Ka | 4091. .661 .169 .0108 | 7.80 99.9 .0325 .304 32600 3470 3.03
Ba La | 4466. 645 .150 0468 | 27.9 99.8 .0360 259 | 24800 3440 | 2.78
Ti Ka | 4511. 646 .150 .0602 | 33.1 99.7 .0390 254 | 22400 3440 2.75
V Ko | 4952. 679 .147 .203 |.63.6 99.8 .0640 .219 11700 3420 2.50
Cr Ka | 5415. .734 144 334 | 76.7 99.7 0784 192 8370 '3420 2.29
Mn Ko | 5899. .799 139 442 | 838 99.8 .0856 170 6810 3430 2.10
Tb La | 6273. .851 .135 .509. | 87.2 99.9 0878 157 6130 3440 1.98
Fe Ka | 6404. .869 .133 .530 | 88.2 99.9 .0881 152 5950 3440 1.94
Co Ka | 6930. . .939 126 601 911 99.9 0877 .137 5410 3460 1.79
Ni Kea | 7478. 1.00 119 659 | 93.0 99.9 0855 124 5070 3500 1.66
Lu . La | 7656 1.02 116 675 | 93.5 .99.9 .0844 .120 4990 3520 ‘| 1.62
Cu Ka | 8048. 1.05 .111 707 | 945 99.9 0817 111 4860 3570 1.54
W Lo | 8398 1.06 .105 732 | 951 99.9 .0784 .104 4830 - 3650 1.48
Zn Ka | 8639 1.03 . 0998 746 | 95.4 99.9 0751 0977 4880 3750 1.44
Ga Ka | 9252 149 .0708 729 | 75.0 99.4 .0659 0727 5150 4670 1.34
Pt La | 9442 .161 0732 743 | 76.8 99.5 .0677 .0752 4900 4410 1.31
Au La | 9713 .173 0750 760 | 78.9 99.7 .0688 0767 4670 4190 1.28
Ge ' Ka | 9886 .180 ".0755 769 1 80.1 995 0691 0773 4560 4080 | 1.25
Hg La | 9989. .184 0758 775 | 80.7 99.4 .0692 0775 4500 4020 | 1.24
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Aluminum (111)

Al
2d =4.678A
Line E(eV) | Rm(mr) | Rp(mr) | Re/Ro | Px(%) | Po(%) | we(mr) | wo(mr) | E/AE, | E/AE, | A (A)
Ag La 2984. 351 .154 470 63.7 99.6 126 .190 15400 10200 4.15
K Ka | 3314. .235 0878 | 161 | 41.1 99.7 0459 | 138 29000 9660 | 3.74 -
Ca Ka | 3692. 204 0610 .0031 1.95 99.6 0131 111 - 78500 9290 3.36
Sc Ko | 4091. .207 .0556 0759 | 33.9 99.5 .0176 .0939 48400 9060 3.03
Ba La | 4466. .222 0553 | 210 | 60.5 99.5 . .0258 | .0825 | 28600 8940 | 2.78
Ti Ko | 4511 224 0553 | 225 | 625 99.8 0265 | .0813 | 27400 8930 | 2.75
V  Ka | 4952. 249 0545 | 359 | 76.0 99.7 0316 | 0717 | 20100 8840 | 2.50
Cr Ka | 5415. 278 0520 | 468 | 834 99.9 0340 | .0638 | 16500 8800 | 2.29
Mn Ko | 5899. 310 0500 | 556 | 881 99.9 0348 | 0574 | 14500 8770 | 2.10
Tb Le | 6273. .335 0401 | 610 | 90.5 99.9 0347 | .0533 | 13400 8750 | 1.98
Fe Ko | 6404. 344 | L0485 | 626 | 911 29.8 0346 | .0520 | 13200 8750 | 1.94
Co Ka | 6930. .380 0461 | 683 | 933 99.9 0338 | .0473 | 12200 8750 | 1.79
Ni Ka | 7478. 416 0437 | 730 | 94.8 99.8 0327 | .0433 | 11600 8750 1.66
Lu La | 7656. .428 0420 | 742 | 952 | 999 0323 | .0422 | 11400 8750 | 1.62
Cu Ko | 8048. 454 0413 | 769 | 95.8 99.9. 0314 | 0398 | 11100 8760 | 1.54
W Lo | 8398. ATT 0400 | .78 | 96.4 100. 0306 | .0380 | 10900 8760 1.48
Zn Ko | 8639. 493 0391 | 801 | 967 99.9 0300 | .0368 | 10700 8760 | 144
Ga Ka | 9252. .533 0369 | .827 | 974 99.9 0286 | .0341 | 10500 8770 1.34
Pt La | 9442. .546 0363 | .835 | 97.5 99.9 0282 | .0333 | 10400 8780 | 1.31
Au  La | 9713. .563 0354 | .84 | o7.8 99.9 0276 | .0323 [ 10300 8770 | 1.28
Ge Ko | 9886. 573 0349 | 850 | 97.9 99.9 0272 | .0317 | 10200 8790 1.25
Hg Lo | 9989. 577 0346 [ .853 | 97.9 99.9 0270 | .0313 | 10200 8780 1.24
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Silicon (111)

151

Si
2d =6.271A
Line | E(eV) | Rm(mr) | Rp(mr) | Rx/Rs | Px(%) | Po(%) | wa(mr) | wo(mr) | E/AE, | E/AE, | A(4) .
Zr  La | 2042. 300 239 790 | 39.7 47.9 2391 414 9940 9390 6.07
Nb La | 2166. 170 .131 494 | 31.2 52.4 .204 .254 11000 8830 5.72
Mo La | 2293. 128 .0940 286 | 231 | 561 .131 .201 13000 | . 8460 5.41
Cl  Ka | 2622. .0950 .0595 .0280 | 4.19 63.6 .0534 145 | 21500 7910 4.73
Ag Lo | 2084. .0933 .0511 .0252 | 5.13 69.7 0339 | - .117 26100 7570 4.15
Ca Ka | 3692. 114 | . .0526 201 | 46.3 78.0 .0402 .0877 | 15800 7230 3.36
Ba . La | 4466. 144 .0525 | - .525 | 69.0 83.7 0432 .0698 | 11400 7070 2.78
Ti Ka | 4511 .146 .0524 535 | 69.8 84.0 .0432 .0690 | 11300 7070 | 2.75.
V  Ka | 4952. 164 | L0510 621 | 765 .86.3 0426 0620 | 10200 7030 2.50
‘Cr Ko | 5415. .182 .0491 .689 | 81.3 88.1 .0413 .0561 9490 7000 2.29
Mn Ko | 5899. 200 | 0469 742 | 84.9 89.8 .0396 .0509 8980 6990 210
Co Ka | 6930. 238 | .o423 819 | 89.7 92.3 .0357 .0426 8330 6990 | .1.79
Ni Ko | 7478. ©.258 .0401 846 | 914 - | 933 .0338 .0392 8110 | - 7000 1.66
Cu Ka | 8048. 279 0379 868 | 92.7 ' | 94.2 0319 | 0362 | 7960 7010 1.54
Zn Ko | 8639. .300 .0358 887 | 93.8 94.9 0301 .0335 | 7820 7010 | 1.44
Pt La | 9442. .328 .0333 906 | 94.9 95.7 0278 | .0305 7700 7030 1.31
Au  La | 9713. .338 .0325 909 | 95.2 95.9 .0271 | - .0295 7660 7040 1.28
Ge  Ka | 9886. .343 .0320 913 | 954 96.0 0267 | .0290 7640 7040 1.25
Hg La { 9989. .346 .0317 915 | 95.4 96.1 .0265 | - .0287 7630 7040 1.24
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Fluorite (111)

CaF2
2d =6.306A
Line E(eV) | Ru(mr) | Rp(mr) | Re/Ro | Px(%) | Po(%) | wa(mr) | wo(mr) E/AE. | E/AE, | A(A)
Zr  La | 2042. 499 262 797 | 59.7 65.1 316 366 11300 9710 | 6.07
Nb Lea | 2166. 273 .140 536 | 53.3 67.7 .147 .222 14700 9750 5.72
Mo La | 2293. .197 .0961 333 | 45.1 70.1 .0837 .170 19900 9800 5.41
Cl Ke | 2622. 137 .0534 0355 | 12.1 75.2 0215 114 52600 9930 4.73
Ag La | 2984. .128 .0430 0456 | 18.2 79.4 .0150 .0866 | 58300 10200 | 4.5
Ca Ko | 3692. .135 .0392 346 | 65.5 84.4 .0252 0578 | 25000 10900 3.36
Ba La | 4466. .0451 .0279 463 | 47.3 76.8 .0288 .0403 | 17000 | 12200 2.78
Ti Ka | 4511. .0463 .0282 4715 | 487 77.3 .0290 L0404 | 16700 .| 12000 2.75
vV  Ka | 4952.° 0560 .0302 575 | 59.9 81.2 .0294 .0395 | 14700 10900 2.50
Cr Ke | 5415. .0644 .0307 654 | 68.1 84.1 0202 | .0376 | 13400 10400 | 2.29
Mn Ko | 5899. .0721 .0305 716 | 744 86.4 .0285 .0354 | 12400 9970 2.10
Co Ka | 6930. .0868 0290 804 1829 | 89.9 .0265 0311 | 11200 9520 1.79
Ni Ka | 7478. .0939 .0279 834 | 85.8 91.2 .0253 0291 | 10800 9380 1.66
Cu Ka | 8048. .101 .0268 | 860 | 88.1 92.3 0241 | ..0271 | 10500 9280 1.54
Zn Ke | 8639. .108 .0256 .880 | 90.0 93.3 0229 .0254 | 16200 9210 1.44
Pt Lo | 9442. 118 .0241 801 | 91.9 94.3 .0213 .0233 9980 9150 1.31
Au Le | 9713 121 .0236 907 | 924 94.6 0200 | 0226 9910 9130 1.28
Ge Ka | 9886. 124 .0234 911 | 92.8 94.8 0206 .0223 9870 9110 1.25
Hg Lo | 9989. .126 .0232 913 | 93.0 94.9 .0204 .0220 9840 9110 1.24
T —— Q
= S ) » c';
”'--/
_ P ad b*® //
\- *° ] 7
. Y e o
= \..—-—1 3
3 \ 1 8
- Y N
0 N — Q. |
h Y
: i \
I
T
< o
1000 10000 1000 10000
E(ev) - E(eV)
A —
\ g
\J
(<] -~ ) “s
xc E N
E ~= —X
x 3 x —
L W S
A <
\ / ‘ r_ '.... L3
’ X ﬁr \.~==
- 4
1000 10000 1000 10000
E(eV) E(eV)

152




Germanium (111)

Ge
2d =6.5324

Line E(eV) | Rm(mr) | Rp(mr) | Re/Ro | Px(%) | Po(%) | wx(mr) | wy(mr) | E/AEx | E/AE, A A)
Zr . La | 2042. .540 415 577 | 34.8 52.1 645 765 3920 3300 6.07
Nb La | 2166. 362 | .269 339 | 25.6 55.2 .389 560 | 4690 3250 5.72
Mo Lo | 2293. .285 201 176 | 16.8 58.0 256 460 5770 3210 5.41
Cl Ka | 2622. .221 .135 ©.0036 .60 64.4 112 .335 9360 3130 4.73
Ag La | 2984. .220 122 .0600 | 11.2 69.8 .0871 .269 9470 3060 4.15
Ca Ka | 3692. 264 | 124 338 | 49.2 77.5 | am .201 5960 2990 3.36
Ba Lo | 4466. 322« 121 .557 | 69.3 83.0 .103 .159 4550 2960 | 2.78
Ti Ka | 4511. .325 121 567 | 70.0 83.2 .103 157 4500 2960 2.75.
V Ko | 4952. .357 a17 647 | 76.1 85.4 .100 J41 1 4140 2950 2.50
Cr Ka | 5415. .389 112 710 | 80.7 87.3 0964 | 127 3880 2950 2.29
Mn Ka | 5899. 421 .106 .760 | 84.1 839 0917 | -.115 3710 '2950 .2.10
Co Ka | 6930. 484 .0949 831 | 88.8 914 .0818 .0960 | = 3480 2970 1.79
Ni Ka | 7478. .515 .0895 .856 | 90.4 - 92.4 .0769 .0881 3410 2980 1.66
Cu - Ka | 8048. .545 .0843 877 | 917 | 93.3 0722 .0811.] 3360 2990 | 1.54
Zn  Ka | 8639. 573 0792 894 | 92.8 . | 94.0 .0676 0748 3330 | 3010 1.44
Pt La | 9442. 608 |. .0729 913 | 94.0 94.8 .0620 .0674 3310 3050 1.31
Au La | 9713. 618 .0708 918 | 043 95.0 .0601 .0651 3310 3060 1.28
Ge Ka | 9886. .626 .0695 921 | 94.5 95.2 0590 .0636 3320 3080 1.25
Hg La | 9989. .631 " .0687 922 | 94.6 95.3 .0583 .0628 3320 3080 | 1.24.

(e} ———— mw— Q

S L ‘-) s>
"‘ -} /
o"" A
3 dl

= , > >

E AX N — 0\° r"

N—r N

3 o \/

'1000 10000 1000 10000
E(eV) - E(eV)

1
10

N ..

Rre/Ro
N

w(mr)
Py
¥

/
N

N~
0

1000 ' 10000 ‘1000 10000
E(eV) o E(eV)

153



Graphite (0002)
C

154

2d =6.7084
Line E(eV) | Rm(mr) | Rp(mr) | Re/Ro | Px(%) | Po(%) | we(mr) | wo(mr) | E/AE, | E/AE, | XA (A)
Zr La | 2042. 3.34 434 615 | 91.6 100. .304 .466 7090 4620 6.07
Nb Lo | 2166. 2.45 .295 425 88.1 99.9 167 357 9860 4620 5.72
Mo La | 2293. | 2.04 .218 264 | 83.1 99.9 .0914 .296 15000 4630 | 5.41
Cl Ka | 2622. 1.75 127 0007 | 2.77 99.9 .0049 .215 | 204000 4640 4.73
Ag La | 2984. 1.88 122 202 | 86.1 99.9 .0396 .170 20000 4650 4.15
Ca . Ka | 3692. [ 248 Ja11 482 | 96.0 100. .0620 | .124 9360 4680 3.36
Ba La | 4466. 3.29 . .0973 650 | 98.2 100. .0639 .0971 7130 4690 2.78
Ti Ko | 4511..] 3.34 .0965 | .657 | 98.3 100. .0638 .0959 7060 4690 2.75
V Ko | 4952. 3.83 .0897 .716 | 98.8 100. .0619 .0858 6510 4700 2.50
Cr Ka | 5415. 4.35 .0832 .763 | 99.1 100. .0593 0773 6130 | 4710 2.29
Mn Ko | 5899. 4.91 0773 801 | 994 | 100. .0564 .0702 5860 4710 2.10
| Co Ko | 6930. 6.14 .0669 856 | 99.6 100. .0504 .0588 5500 4720 1.79
Ni Ko | 7478. 6.82 0624 877 | 99.7 100. .0475 .0541 5380 4720 1.66
Cu Ko | 8048. 7.53 0583 894 | 99.8 100. .0448 .0500 5280 " 4730 1.54
Zn Ka | 8639. | 8.30 -.0545 .908 99.8 100. 0422 .0464 | 5210 4730 1.44
Pt La | 9442. 9.36 ~0501 923 | 99.9 100. .0390 .0423 5130 4730 | 131
Au La | 9713. 9.73 0487 927 | 99.9 100. .0381 0410 5100 4730 1.28
Ge Ka | 9886. 10.00 0479 .930 | 99.9 100. 0375 0403 5090 4730 1.25
Hg La | 9989. 10.16 0474 .931 | 99.9 100. .0371 .0399 | 5080 4730 1.24
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Indium Antimonide (111)

InSb
2d =7.481A
Line E(eV) | Rm(mr) | Ry(mr) | Rx/Ro | Px(%) Po(%) | wx(mr) | wo(mr) | E/AEx | E/AE, A (A)
St Ka | 1740. i.08 767 7i5 | 45.0 56.1 1.09 1.4 2900 2540 713
Zr  La |{.2042. .389 248 142 | 173 62.5 257 556 | 5410 2500 6.07
Nb La | 2166. .336 .201 0457 | 7.24 64.8 .169 478 7050 2490 5.72
Mo La | 2293. .309 174 .0034 667 | 66.9 121 422 8640 2480 5.41
Cl. Ko |2622. | ' .296 -.153 0702 | 142 | 715 ~.101 .331 8080 | - 2470 4.73
Ag Lo | 2984 311 .150 238 | 38.9 75.5 115 2690 | 5830 | . 2480 | 415
Ca Ko | 3692. 248 .128 472 | 584 81.0 112 .178 4500 2830 3.36
Ba La | 4466. .102 0778 573 | 341 51.1 123 147 3250 2720 2.78
Ti Ka | 4511 - .107 .0805 582 | 35.7 52.5 .123 .148 3200 2670 2.75
V  Kea | 4952. 121 | .0855 658 | 42.3 55.7 122 144 2910 2460 2.50
Cr Ka | 5415. | .139 .0908 721 | 50.5 61.2 .118 137 | - 2740 2340 2.29 .
Mn Ke | 5899. . 155 0027 | . 771 | 57.2 65.6 112 129 2600 2270 | 2.10
Co Ka | 6930. .182 0015 | 843 | 674 72.6 .102 113 2420 2170 1.79
Ni Ka | 7478. 195 0895 869 | 71.3 . | 75.4 .0966 .106 2350 2140 1.66
Cu Ka | 8048. .208 0870.| .890 | 747 |777.9 0015 | - .0994 2300 2120 1.54
Zn Ka | 8639. 220 .0841 906 | 77.6 80.1 .0866 .0931 2260 2100 | 1.44
Pt La | 9442. .236 .0801 924 | 80.7 82.6 - .0805 .0855 2220 2080 1.31
Au La | 9713 241 | . .0788 | - .928 | 81.6 83.3 .0786 .0832 2210 2080 | 1.28
Ge Ko | 9886. .242 0778 | 931 | 820 | 837 0773 0817 2200 2080 1.25
Hg Lo | 9989. 242 0771 .933 | 82.2 83.8 .0766 .0809 2200 2080 1.24
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Ammonium Dihydrogen Phosphate -ADP (200)

NH4H,PO4
2d =7.5004
Line E(eV) | Ry(mr) | Rp(mr) | Rx/Ro | Px(%) | Po(%) | we(mr) | wo(mr) | E/AEx | E/AE, | A (A)
ST Ka | 1740, 531 238 747 | 65.1 71.2 .256 316 11900 9670 7.13
Zr La | 2042 .183 0721 | - .188 | 404 76.0 .0439 .133 31500 10400 6.07
Nb La | 2166. .0999 .0462 .0536 | 13.4 71.4 0255 | .101 46600 11600 | 5.72
Mo La | 2293. .0697 .0403 .0027 .515 | 68.6 .0286 .0949 | 36300 11000 5.41
Cl Ko | 2622. .0801 .0399 0755 { 165 - | 755 .0245 .0818.1 33200 9920 4.73
Ag  La | 2984. .0940 .0418 252 | 445 80.3 . | .0295 0702 | 22600 9470 4.15
Ca Kea | 3692. 124 .0423 520 | 71.3 86.3 . .0335 .0550 | 14900 " 9100 3.36
Ba La | 4466. .158 .0396 | .684 | 83.2 90.3 .0325 0445 | 12200 8950 2.78 -
Ti Ka | 4511. .160 0394 691 | 83.7 90.5 .0324 .0440 | 12200 - 8950 2.75
V  Ka | 4952. .178 .0375 .748 | 87.2 92.0 .0310 .0397 | 11400 8920 '2.50
Cr Ko | 5415. Jd97 | 0854 .793 | 89.9 93.2 0204 | .0360 | 10900 8900 |. 2.29
Mn Ka | 5899. 217 0334 | .827 | 918 94.2 0277 .0328 | 10500 8890 2.10
Co Ka | 6930. .258 .0295 877 | 945 95.8 0245 0276 | 10000 | 8900 1.79
Ni Ka | 7478. 279 .0278 .893 | 95.4 96.4 0230 | .0254 9860 8910 1.66
Cu Ka | 8048. | .302 0261 | 911 | 961 96.8 .0216 0235 9730 | ' 8920 1.54
Zn Ko | 8639. | .325 .0246 923 | 96.7 97.3 .0203 .0218 9630 8930 | 1.44 -
Pt La | 9442, .356 0227 936 | 97.3 97.7 .0187 .0199 9520 8940 1.31.
Au  La | 9713. .367 .0222 939 | 975 97.8 .0182 | ..0193 9480 | 8940 1.28
Ge Ka | 9886. .375 .0218 942 | 976 97.9 .0179 .0190 9470 8940 1.25
Hg La | 9989. .380 0216 |- .943 | 97.7 98.0 0177 .0188 9460 8950 1.24
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Pentaerythritol - PET (002) -

C(CH20H)4
2d =8.742A
Line E(eV) | Rum(mr) | Rp(mr) | Re/Ro | Pe(%) | Po(%) | wx(mr) | wo(mr) | E/AE, | E/AE, | A(4)
Al Ka 1487. 1.31 . .474 778 78.4 85.3 444 534 7210 5990 8.34
Si Ka 1740. .500 .151 .231 56.0 88.7 .0817 .238 17300 5910 7.13
Zr Lo 2042. 409 .0881 .0054 5.08 91.5 0131 | .164 73800 5890 6.07
Nb La 2166. 416 . 0854 0733 | 40.1 92.3 0225 147 38500 5880 " 5.72
Mo La 2293. 432 0850 164 60.3 93.0 .0322 134 24500 5880 5.41
_Cl Ka | 2622. 500 .0831 363 80.6 94.6 0458 .109 14000 5890 4.73
Ag La 2984. 591 0789 |1 .513 88.5 95.7 .0505 .0916 10700 5900 4.15
Ca Ko | 3692. - 785 | ‘ .0691 .687 94.4 97.2 .0497 0702 8380 5930 3.36
Ba La 4466. 1.01 - .0598 790 . § 96.8 98.1 0450 .0563 7450 5950 2.78
Ti Ka | 4511. 1.02 - .0593 795 96.9 98.1 .04_47 .0556 » 7420 5960 2.75
v Ka | 4952. 115 - .0548 830 97.6 98.4 0419 0501 7130 5970 2.50
Cr. Ka | 5415. 1.28 - 0507 859 | 98.1 98.7 .0392 0454 6930 5980 2.29
Mn  Ka | 5899. 1.43 .0470 882 98.5 98.9 .0366 0414 6770 5990 2.10
Co Ko | 6930. 1.74 : .0405 915 99.0 99.2 - .0319 0348 6550 . 6010 1.79
Ni Ko | 7478. 1.91 ) 0377 927 99.2 99.3 0298 0321 6480 6010 1.66
Cu Ka | 8048. 2.09 .0352 937 99.3 1 994 0279 .0298 . 6420 6020 1.54
Zn Ko | 8639. 2.28 .0329 945 99.44 99.5 .0261 0276 6370 | 6020 | 144
Pt La 9442, 2.54 .0302 954 99.5 99.6 .0241 .0252 6310 . 6030 | 1.31
Aun Lo 9713. 2.63. 0294 957 99.6 99.6 0234 0245 6300 - 6030 1.28
Ge Ka | 9886. 2.70 .0289 - .958 99.6 99.6 0230 0240 6290 6030 1.25
Hg La | 9989. 2.74 0286 959 99.6 99.6 0228 .0238 6290 - 6030 - 1.24
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Ammonium Dihydrogen Phosphate -ADP (101)

NH:H2PO4
2d =10.640A
Line E(eV) | Rm(mr) | Rp(mr) | Rx/Re | Px(%) P,(%) | wx(mr) | wo(mr) | E/AE, | E/AE, A (A)
Ge Lo -] 1188. .552 402 879 37.6 404 .769 817 6780 6370 10.4
Mg La | 1254. .240 174 .592 321 1 434 305 .392 8310 6450 9.89
Al Ko | 1487. .107 .0672 0770 9.48 52.8 0714 .189 17700 6680 8.34
Si Ko | 1740. 0926 10498 0184 3.60 60.7 .0345 .131 26200 6890 7.3
Nb La | 2166. .0595 0355 250 284 59.2 .0378 0776 17000 8230 5.72
Mo La | 2293. 0473 .0338 .288 22.6 51.0 ».0:488 .0804 12100 7340 5.41
Cl Ka | 2622. .0625 .0394 453 39.7 60.1 .0476 0727 10400 6830 .| 4.73
Ag La | 2984. 0754 .0415 .586 53.2 67.0 .0460 .0641 9220 6620 4.15
Ca Ka | 3692. 20974 0412 744 69.4 76.2 .0418 .0518 7970 - 6430 3.36
Ti Ka | 4511. | 21 .0381 .838 795 82.9 0366 0421 7310 - 6350 2.75
v Ka | 4952. 133 .0363 .869 83.0 85.4 0341 .0382 7110 6330 2.50
Cr Ka | 5415. .145 .0343 .893 85.8 87.5 0317 .0349 6960 6320 2.29
Mn Ka | 5899. 158 0324 911 88.0 89.3 .0294 .0319 . 6850 6320 2.10
Co Ka | 6930. .185 .0287 | - .938 91.3 92.0 .0254 .0270 6710 6330 1.79
Cu Ka | 8048. 214 .0254 955 93.6 94.0 .0221 .0231 6620 6350 |- 1.54
Zn Ko | 8639. 229 0239 § - 961 944 94.7 .0206 .0214 6590 - 6360 14
Au La | 9713. .258 .0216 970 | 95.6 95.8 .0184 .0190 6560 6370 1.28
Ge Ka | 9886. .263 .0213 | .969 95.8 95.9 .0181 .0186 6550 6370 1.25
Hg Lo v 9989. .266 0211 969 95.9 96.0 0179 .0184 6550 6370 1.24
] S -
{ -
i . 4 /L’”
| %
‘ . ’o’/ °
*
- -t N L /
Y 2 v o!
é L~ - § o" :," 4
N X . N N * .
m - ‘\ 1 3 m “' ) /
: N 7 +
L2 + [— - /V
o |
A Y
S ©
1000 10000 - 1000 . 10000
E(eV) : ‘ | E(eV)
bl - —
: I o
‘ L~
/
. !‘
» \“
“’
¢ B
~= X ro——
& S =X s
. \ I — oy
\ / o "
\ A T
/ S
o S
1000 10000 1000 o 10000

E(eV) | E(eV)

158



%

Mica (002) _
K20 * 3A1503 * 6Si02 * 2H20

E(eV)

159

E(e V)

2d =19.840A
" Line E(eV) | Rm(mr) | Rp(mr) | Rx/Ro | Px(%) | Pal(%) | wa(mr) | wo(mr) | E/AE. | E/AE, | A(A)
ﬁe La | 705.0 .0242 0225 303 476 1.54 1.50 1.53 1240 1210 | 17.6
Co L& | 7762 0176 .0164 .0782 175 217 921 .958 1450 1390 | 16.0
Ni La | 8515 .0158 .0146 .0040 .0126 | 2.98 632 671 1680 1590 | 14.6
Cu La | 9297 0155 .0143 0121 0498 | 3.86 467 .504 1920 1780 | 13.3
Na Ka | 1041. .0160 .0147 .0855 .483 5.22 .326 .359 2280 2070 | 11.9
Mg Lo | 1254. 0177 20161 267 2.43 8.26 .192 216 . 2980 12640 9.89
Al Ko | 1487. 0144 .0130 435 451 | 953 121 134 3810 3440 8.34
Si  Ka | 1740. .0204 .0185 564 663 | 112 .140 .148 2730 2580 7.13
Nb La | 2166. .0179 .0161 | . .707 7.31 9.92 127 .134 2350 2230 5.72
Mo La | 2293. o191 | -.0171 738 9.01 11.7 .113 119 2490 2360 5.41
Ag Lo | 2084. .0262.| .0218 .850 .1 20.9 23.5 .0702 0742 3030 2870 4.15
Ca Ko | 3692. .0296 .0236 903 | 274 29.3 .0609 0634 | 2800 2690 3.36
Ti Ka | 4511. .0225 | .0172 937 | 32.6 33.9 -.0388 .0400 3580 3480 2.75
V  Ka | 4952. .0230 .0168 949. | 37.5 . 38.7 .0335 0344 | 3770 3670 | 2.50
Cr Ka | 5415. 0239 | - .0165 958 | 42.7 43.7 .0295 .0302 { . 3910 3820 2.29
Co Ka | 6930. .0281 0157 977 | 57.3 57.9 .0219 .0222 4110 . 4040 1.79
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Thallium Acid Phthalate - TAP (001)

160

CsH4(COOH)(COO0)T1
2d =25.763A
Line E(eV) | Rm(mr) | Rp(mr) | Rx/Ro | Px(%) | Po(%) | wx(mr) | wo(mr) | E/AE, | E/AE, | A(A)
0 Ka | 5249 .250 238 330 3.28 10.6 2.43 2.23 795. 866. | 23.6
Cr La | 572.8 .202 .193 104 1.06 11.1 2.32 2.08 7 605. 674. | 216
Fe La | 705.0 178 .168 0155 267 | 183 1.31 1.21 672. 731. | 17.6
Co .La | 7762 .189 176 0774 | 1.68 22.3 1.02 .989 . 734. 760. | 16.0
Ni La | 8515 .207 11 162 | 427 | 265 849 842 771 777, | 146
Cu La | 929.7 .228 207 | . 253 | 8.06 30.9 711 736 816. 788. | 133
Na Ka | 1041. .256 .226 373 | 14.6 36.7 .584 629 859. 796. | 11.9
Mg Lo | 1254. .293 .243 .553 | 27.9 46.0 .446 .496 899. 808. { 9.89
Al Ko | 1487, 317 .244 683 | 40.2 53.9 .366 .405 904. 816. | 8.34
Si ~ Ka | 1740.. .326 .232 773 | 503 60.4 307 | © .335 905. 830. | 7.13
"Nb  La | 2166. 281 .184 857 | 59.9 66.3 .222 .236 993. 934. | 5.72
Mo La | 2203. .223 .149 871 | 592 65.2 .183 .192 1140 1080 | 5.41
Ag Lo | 2984. 163 .139 912 | 55.9 63.6 .163 154 974, 1030 4.15
Ca Ko | 3692. 214 .158 946 | 68.5 73.2 .166 .163 767. 780. | .3.36
Ti Ka | 4511. .248 .155 968 | 77.3 . | 80.0 . 157 157 664, 664. | 2.75
V  Ka | 4952. .263 .150 974 | 80.5 82.5 .150 .151 - 630. .628. | 2.50
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Rubidium Acid Phthalate - RAP (001)

CeH4(COOH)(COO)Rb
2d =26.116A
. Line E(eV) | Rm(mr) | Rp(mr) | Re/Ro | Px(%) | Po(%) | wx(mr) | wo(mr) | E/AEx | E/AE, | X (4)
[¢] Ka 524.9 110 .102 408 2.27 - 5.50 1.77 1.80 1200 1180 23.6
Cr Lo 572.8 .0954 .0894 141 - .862 6.18 1.74 1.72 853. 864. | 21.6
Fe La 705.0 .0844 0772 .0086 JA11. 11.9 .810 .888 1130 1030 17.6
Co La- 776.2 0892 .0805 .0650 1.11 15.2 605 698 1280 1110 16.0
Ni La 851.5 .0965 .0858 149 3.25 18.7 470 .565 14:%0,, 1190 | 14.6
Cu Lo« 929.7 104 0913 242 6.42 224 .383 A72 1550 1260 13.3
Na Ka | 1041. 115 .0980 .365 12.1 27.5 305 381 1680 1340 119
Mg La | 1254. 130 .104 548 | 238 36.5 .226 278 1810 1480 | 9.89
Al Ko | 1487. 134 0997 681 | 34.7 44.0 .176 .208 1920 1620 8.34
Si  Ka | 1740. 0912 | .0672 { .763 | 375 4.2 .118 .133 2410 2140 | 713
Nb La | 2166. .0961 .0826 .828 40.0 48.7 131 .130 1710 1730 v5.72
Mo La | 2293. .108 0886 .850 45.3 53.1 129 .129 1640 1640 5.41
Ag Lo | 2984. 145 0962 920 63.9 68.0 113 ©.L.116 1430 1400 4.15
Ca Ko | 3692. 171, 0915 953 74.7 76.9 .0984 .101 1320 1290 3.36
Ti Ka | 4511. .198 ‘ .0832 971 82.1° 83.3 0848 .0864 1250 1230 2.75
A’ Ka | 4952, 212 0788 977 1 848 85.7 0786 0799 1230 1210 2.50
Cr . Ka | 5415. 225 .0743 981 87.1 87.7 0728 0738 1210 1190 . 2.29
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Potassium Acid Phthalate - KAP (001)

162

CsH4(COOH)(COO)K
2d =26.634A
Line E(eV) | Rm(mr) | Rp(mr) | Rx/Ro | Px(%) | Po(%) | wx(mr) | wo(mr) | E/AE, | E/AEs | A (A)
[} Ka 524.9 .0239 0224 334 .516 1.55 1.48 1.47 1310 1320 23.6
Cr Lo 572.8 .0501 0472 105 380 3.74 1.60 1.54 874. 908. | 21.6
Fe La 705.0 0475 .0441 .0159 125 '7.66 751 776 1180 1140 17.6
Co La 776.2 0510 0469 .0788 844 10.1 553 .596 1360 1260 16.0
Ni Lo 851.5 0554 0504 .165 2.31 12.8 422 472 1550 1390 14.6
Cu Lo 929.7 .0603 .0542 .256 4.49 15.7 .338 387 1720 1500 133
Na Ka | 1041. 0687 .0604 375 8.78 204 262 308 1920 1630 11.9
Mg La 1254. .0829 .0688 555 19.1 29.7 186 221 2160 1810 9.89
Al Ka | 1487. .0967 0739 687 30.9 39.3 146 171 2260 - 1930 | 8.34
Si Ka | 1740. 110 .0758 a79 423 48.4 122 .138 2290 2010 7.13
Nb La | 2166. 130 .0739 867 57.0 60.5 0969 .106 2270 _ 2080 5.72
Mo La | 2293. 135 0725 .884 60.4 63.3 .0915 .0992 2270 2090 541
Ag La 2984. .157 .0625 .937 73.1 74.5 .0686 .0720 2310 2200 4.15
Ca Ka | 3692. .0426 .0313 .947 58.2 61.0 0395 0399 3230 3200 3.36
Ti Ko | 4511. .0798 0420 .970 74.9 76.3 0455 .0463 2280 2250 2.7
V . Ka | 4952. .0890 0414 .976 79.0 80.0 0435 0441 2180 2140 2.50
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