PUBLISHED FOR SISSA BY @ SPRINGER

RECEIVED: June 6, 2023
ACCEPTED: September 8, 2023
PUBLISHED: September 21, 2023

Measurement of CP asymmetries and
branching-fraction ratios for B¥* — DK®* and Dn*
with D — KJK*n¥ using Belle and Belle Il data

D "D

] (e

BELLE Belle IT

The Belle and Belle |l collaborations
https:/ /belle.kek.jp/

. Adachi'®, L. Aggarwal©, H. Aihara®, N. Akopov‘”, A. Aloisio'”, N. Anh Ky,
D. M. Asner™, T. Aushev™, V. Aushev™, M. Aversano'”, R. Ayad®, V. Babu'®,
H. Bae”, S. Bahinipati®, P. Bambade®, Sw. Banerjee®, M. Barrett?,

J. Baudot®, M. Bauer@, A. Baur®, A. Beaubien™, J. Becker®, P. K. Behera™,
J. V. Bennett, F. U. Bernlochner®, V. Bertacchi'®, M. Bertemes?,

E. Bertholet®, M. Bessner®, S. Bettarini'~’, B. Bhuyan®, F. Bianchi'”, T. Bilka”,
D. Biswas”, A. Bobrov'®, D. Bodrov'®, A. Bolz'©, A. Bondar?, J. Borah?,

A. Bozek®, M. Bracko®, P. Branchini'”, R. A. Briere'”, T. E. Browder”,

A. Budano'?, S. Bussino®, M. Campajola‘?, L. Cao'”, G. Casarosa‘”, C. Cecchi'?,
J. Cerasoli’”, M.-C. Chang@, P. Chang”, R. Cheaib'>, P. Cheema®,

V. Chekelian@, B. G. Cheon”, K. Chilikin®, K. Chirapatpimol®, H.-E. Cho'?,

K. Cho”, S.-K. Choi™@, Y. Choi'®, S. Choudhury™, J. Cochran®, L. Corona‘”,

L. M. Cremaldi®, S. Das‘?, F. Dattola‘®, E. De La Cruz-Burelo”,

S. A. De La Motte®, G. De Nardo'®, M. De Nuccio”, G. De Pietro'”,

R. de Sangro®, M. Destefanis'”’, S. Dey®, A. De Yta-Hernandez®, R. Dhamija‘?,
A. Di Canto”, F. Di Capua'®, J. Dingfelder'®, Z. Dolezal 2,

|I. Dominguez Jiménez®, T. V. Dong®, M. Dorigo”, K. Dort®, S. Dreyer‘>,

S. Dubey ™, G. Dujany ™, P. Ecker®, D. Epifanov®, P. Feichtinger®, T. Ferber™,
D. Ferlewicz>, T. Fillinger®, C. Finck®, G. Finocchiaro'®, A. Fodor®, F. Forti”,
A. Frey™@, B. G. Fulsom®, A. Gabrielli’”, E. Ganiev”, M. Garcia-Hernandez ",

R. Garg™, A. Garmash®, G. Gaudino™, V. Gaur™@, A. Gaz'”, A. Gellrich®@,

G. Ghevondyan®, D. Ghosh™, H. Ghumaryan®, G. Giakoustidis'®, R. Giordano?,
A. Giri'’2, B. Gobbo'”, R. Godang‘®, O. Gogota'?, P. Goldenzweig>, W. Gradl”,

OPEN AccCESS, © The Authors.

Article funded by SCOAP?. https://doi.org/10.1007/JHEP09(2023)146


https://belle.kek.jp/
https://orcid.org/0000-0003-2287-0173
https://orcid.org/0000-0002-0909-7537
https://orcid.org/0000-0002-1907-5964
https://orcid.org/0000-0002-4425-2096
https://orcid.org/0000-0002-3883-6693
https://orcid.org/0000-0003-0471-197X
https://orcid.org/0000-0002-1586-5790
https://orcid.org/0000-0002-6347-7055
https://orcid.org/0000-0002-8588-5308
https://orcid.org/0000-0001-9980-0953
https://orcid.org/0000-0003-3466-9290
https://orcid.org/0000-0003-0419-6912
https://orcid.org/0000-0003-1393-8631
https://orcid.org/0000-0002-3744-5332
https://orcid.org/0000-0001-7378-4852
https://orcid.org/0000-0001-8852-2409
https://orcid.org/0000-0002-2095-603X
https://orcid.org/0000-0001-5585-0991
https://orcid.org/0000-0002-0953-7387
https://orcid.org/0000-0003-1360-3292
https://orcid.org/0000-0001-9438-089X
https://orcid.org/0000-0002-5082-5487
https://orcid.org/0000-0002-1527-2266
https://orcid.org/0000-0002-5440-2668
https://orcid.org/0000-0001-8153-2719
https://orcid.org/0000-0001-9971-1176
https://orcid.org/0000-0001-5038-360X
https://orcid.org/0000-0002-3792-2450
https://orcid.org/0000-0003-1776-0439
https://orcid.org/0000-0001-7742-2998
https://orcid.org/0000-0001-6254-3594
https://orcid.org/0000-0002-1524-6236
https://orcid.org/0000-0003-1449-6986
https://orcid.org/0000-0002-7543-3471
https://orcid.org/0000-0001-5735-8386
https://orcid.org/0000-0001-5279-4787
https://orcid.org/0000-0002-4033-9223
https://orcid.org/0000-0002-5089-5338
https://orcid.org/0000-0003-2990-1913
https://orcid.org/0000-0002-5915-1319
https://orcid.org/0000-0002-2495-0524
https://orcid.org/0000-0002-2270-9673
https://orcid.org/0000-0001-5229-1039
https://orcid.org/0000-0001-7357-9007
https://orcid.org/0000-0002-0856-1131
https://orcid.org/0000-0002-3829-9592
https://orcid.org/0000-0003-2518-7134
https://orcid.org/0000-0001-8332-5668
https://orcid.org/0000-0003-4137-938X
https://orcid.org/0000-0002-2192-8233
https://orcid.org/0000-0001-9777-881X
https://orcid.org/0000-0002-8650-6058
https://orcid.org/0000-0003-4064-388X
https://orcid.org/0000-0001-5729-8926
https://orcid.org/0000-0001-8472-5727
https://orcid.org/0000-0001-8860-8288
https://orcid.org/0000-0002-8803-4429
https://orcid.org/0000-0001-7620-2053
https://orcid.org/0000-0003-2099-7760
https://orcid.org/0000-0002-7008-3759
https://orcid.org/0000-0003-1705-7399
https://orcid.org/0000-0003-2747-8277
https://orcid.org/0000-0003-3499-7948
https://orcid.org/0000-0001-9841-0216
https://orcid.org/0000-0002-1492-914X
https://orcid.org/0000-0002-2577-9909
https://orcid.org/0000-0001-5550-7827
https://orcid.org/0000-0001-6857-966X
https://orcid.org/0000-0003-3316-8574
https://orcid.org/0000-0002-7469-6974
https://orcid.org/0000-0003-3905-6805
https://orcid.org/0000-0002-2047-9675
https://orcid.org/0000-0002-0972-9047
https://orcid.org/0000-0001-8442-107X
https://orcid.org/0000-0002-3808-5455
https://orcid.org/0000-0003-1997-6751
https://orcid.org/0000-0003-2997-3829
https://orcid.org/0000-0002-2162-7334
https://orcid.org/0000-0001-7052-3163
https://orcid.org/0000-0003-1233-3876
https://orcid.org/0000-0001-9076-5936
https://orcid.org/0000-0001-5767-2121
https://orcid.org/0000-0002-5662-3675
https://orcid.org/0000-0001-6831-3159
https://orcid.org/0000-0003-3043-1939
https://orcid.org/0000-0002-0681-6946
https://orcid.org/0000-0003-0849-8774
https://orcid.org/0000-0002-6295-100X
https://orcid.org/0000-0002-1345-0970
https://orcid.org/0000-0002-1345-8163
https://orcid.org/0000-0002-6817-6868
https://orcid.org/0000-0001-8656-2693
https://orcid.org/0000-0003-3966-7497
https://orcid.org/0000-0002-6849-0427
https://orcid.org/0000-0002-4374-1234
https://orcid.org/0000-0001-9795-7412
https://orcid.org/0000-0002-5068-5453
https://orcid.org/0000-0002-3936-2151
https://orcid.org/0000-0002-2821-759X
https://orcid.org/0000-0001-6535-7965
https://orcid.org/0000-0001-7470-3874
https://orcid.org/0000-0002-5862-9739
https://orcid.org/0000-0001-7695-0537
https://orcid.org/0000-0001-8346-8597
https://orcid.org/0000-0003-2393-3367
https://orcid.org/0000-0002-7406-4707
https://orcid.org/0000-0003-2599-1405
https://orcid.org/0000-0001-5983-1552
https://orcid.org/0000-0002-8880-6134
https://orcid.org/0000-0001-6754-3315
https://orcid.org/0000-0003-0974-6231
https://orcid.org/0000-0003-0096-3555
https://orcid.org/0000-0002-3458-9824
https://orcid.org/0000-0001-6775-8893
https://orcid.org/0000-0001-5982-1784
https://orcid.org/0000-0002-5496-7247
https://orcid.org/0000-0002-8895-0128
https://orcid.org/0000-0002-3147-4562
https://orcid.org/0000-0002-8317-0579
https://orcid.org/0000-0003-4108-7256
https://orcid.org/0000-0001-8785-847X
https://orcid.org/0000-0002-9974-8320
https://doi.org/10.1007/JHEP09(2023)146

E. Graziani'®, D. Greenwald®, Z. Gruberova™, T. Gu', Y. Guan®, K. Gudkova'>,
S. Halder™, Y. Han®, T. Hara®, K. Hayasaka‘®, S. Hazra®, M. T. Hedges'”,

l. Heredia de la Cruz‘®, M. Hernandez Villanueva‘®, A. Hershenhorn>,

T. Higuchi@, E. C. Hill’®, M. Hoek®, M. Hohmann®, W.-S. Hou@, C.-L. Hsu'>,
T. lijima®@, K. Inami'”, N. Ipsita'®, A. Ishikawa®, S. Ito”, R. Itoh®, M. lwasaki?,
P. Jackson®, W. W. Jacobs®, D. E. Jaffe™, E.-J. Jang®, Q. P. Ji'®, S. Jia'®,

Y. Jin@, A. Johnson®, H. Junkerkalefeld @, A. B. Kaliyar'>, J. Kandra®,

K. H. Kang®, G. Karyan®, T. Kawasaki®, F. Keil 2, C. Ketter”, C. Kiesling>,
C.-H. Kim®@, D. Y. Kim?@, K.-H. Kim®, Y.-K. Kim, H. Kindo?, K. Kinoshita'”,
P. Kodys@, T. Koga'”, S. Kohani®, K. Kojima®, A. Korobov'”, S. Korpar,

E. Kovalenko”, R. Kowalewski®, T. M. G. Kraetzschmar ™, P. Krizan?,

P. Krokovny @, T. Kuhr@, M. Kumar, K. Kumara™, T. Kunigo™, A. Kuzmin®,
Y.-J. Kwon®, S. Lacaprara™, Y.-T. Lai’?, T. Lam®, L. Lanceri'”, J. S. Lange?,

. Laurenza®, K. Lautenbach, R. Leboucher', F. R. Le Diberder™, P. Leitl”,

. Levit™@, P. M. Lewis™, C. Li@, L. K. Li2, J. Libby™, Q. Y. Liu@, Z. Q. Liu®@,
. Liventsev”, S. Longo™, T. Lueck®™, T. Luo'@, C. Lyu™, Y. Ma'®,

. Maggiora™, S. P. Maharana®, R. Maiti®, S. Maity”, G. Mancinelli®,
Manfredi®, E. Manoni'®, M. Mantovano‘®, D. Marcantonio®, C. Marinas?,
Martellini@, A. Martini'®, T. Martinov‘®, L. Massaccesi'®, M. Masuda‘”,
Matsuda @, K. Matsuoka”, D. Matvienko”, S. K. Maurya”, J. A. McKenna'?,
Mehta™, F. Meier®, M. Merola®, F. Metzner®, M. Milesi'®, C. Miller ™,

. Mirra®@, K. Miyabayashi®, R. Mizuk®, G. B. Mohanty®, N. Molina-Gonzalez?,
. Mondal®, S. Moneta”, H.-G. Moser®, M. Mrvar®, R. Mussa”,

. Nakamura™, Y. Nakazawa®, A. Narimani Charan®, M. Naruki,

. Natkaniec™, A. Natochii’”, L. Nayak®, G. Nazaryan”, N. K. Nisar>,

. Nishida®, S. Ogawa®, H. Ono @, Y. Onuki‘®, P. Oskin®, F. Otani>,

, G. Pakhlova™, A. Paladino, A. Panta'”, E. Paoloni”, S. Pardi'?,

. Parham®™, H. Park, S.-H. Park™, A. Passeri'®, S. Patra™, S. Paul”,

nAANAILO0D0Z

X TWVN
)
Q
-}
=
(=]
<

T. K. Pedlar™, I. Peruzzi’?, R. Peschke”, R. Pestotnik>, F. Pham>,

M. Piccolo™, L. E. Piilonen™, P. L. M. Podesta-Lerma‘®, T. Podobnik >,

S. Pokharel @, C. Praz®, S. Prell@, E. Prencipe®, M. T. Prim®@, H. Purwar®,

N. Rad@, P. Rados”, G. Raeuber”, S. Raiz'®, M. Reif®, S. Reiter?,

M. Remnev”, |. Ripp-Baudot®, G. Rizzo”, S. H. Robertson‘®, M. Roehrken?,

J. M. Roney@, A. Rostomyan®, N. Rout'®, G. Russo”, D. Sahoo'®, S. Sandilya‘,
A. Sangal™, L. Santelj®, Y. Sato'>, V. Savinov®, B. Scavino”, C. Schmitt,

G. Schnell™, M. Schnepf™, C. Schwanda‘”, A. J. Schwartz®, Y. Seino?,

A. Selce™, K. Senyo ', J. Serrano‘®, M. E. Sevior®, C. Sfienti’Z, W. Shan >,

C. Sharma@, X. D. Shi'@, T. Shillington®, J.-G. Shiu‘®, D. Shtol®, A. Sibidanov,
F. Simon, J. B. Singh®@, J. Skorupa®, R. J. Sobie®, M. Sobotzik ", A. Soffer,
A. Sokolov”, E. Solovieva'”, S. Spataro'®, B. Spruck®, M. Stari¢'®>,

P. Stavroulakis”, S. Stefkova'™, Z. S. Stottler™, R. Stroili’, M. Sumihama®,

K. Sumisawa @, W. Sutcliffe ™, H. Svidras®, M. Takahashi®, M. Takizawa?,

U. Tamponi®, K. Tanida®, F. Tenchini'®, A. Thaller™, O. Tittel >, R. Tiwary >,


https://orcid.org/0000-0001-8602-5652
https://orcid.org/0000-0001-6964-8399
https://orcid.org/0000-0002-5691-1044
https://orcid.org/0000-0002-1470-6536
https://orcid.org/0000-0002-5541-2278
https://orcid.org/0000-0002-5858-3187
https://orcid.org/0000-0002-6280-494X
https://orcid.org/0000-0001-6775-5932
https://orcid.org/0000-0002-4321-0417
https://orcid.org/0000-0002-6347-433X
https://orcid.org/0000-0001-6954-9593
https://orcid.org/0000-0001-6504-1872
https://orcid.org/0000-0002-8133-6467
https://orcid.org/0000-0002-6322-5587
https://orcid.org/0000-0001-8753-5451
https://orcid.org/0000-0002-7761-3505
https://orcid.org/0000-0002-1725-7414
https://orcid.org/0000-0002-1893-8764
https://orcid.org/0000-0001-5147-4781
https://orcid.org/0000-0002-4260-5118
https://orcid.org/0000-0002-1641-430X
https://orcid.org/0000-0002-4271-711X
https://orcid.org/0000-0003-2765-7072
https://orcid.org/0000-0002-2927-3366
https://orcid.org/0000-0002-3561-5633
https://orcid.org/0000-0003-2737-8145
https://orcid.org/0000-0003-1590-0266
https://orcid.org/0000-0002-9402-7559
https://orcid.org/0000-0002-0847-402X
https://orcid.org/0000-0002-9996-6336
https://orcid.org/0000-0003-3122-4384
https://orcid.org/0000-0002-1935-9887
https://orcid.org/0000-0003-2963-2565
https://orcid.org/0000-0001-8176-8545
https://orcid.org/0000-0002-7323-0830
https://orcid.org/0000-0002-8366-1749
https://orcid.org/0000-0003-3987-9895
https://orcid.org/0000-0002-2211-619X
https://orcid.org/0000-0001-5635-1000
https://orcid.org/0000-0002-6816-0751
https://orcid.org/0000-0001-5365-3716
https://orcid.org/0000-0002-4089-5238
https://orcid.org/0000-0002-7278-2860
https://orcid.org/0000-0002-5161-9722
https://orcid.org/0000-0002-2209-535X
https://orcid.org/0000-0002-5743-7698
https://orcid.org/0000-0001-8125-9070
https://orcid.org/0000-0002-4659-1112
https://orcid.org/0000-0002-9695-8103
https://orcid.org/0000-0002-6756-3591
https://orcid.org/0000-0001-7175-4182
https://orcid.org/0000-0002-8644-2349
https://orcid.org/0000-0002-1644-2001
https://orcid.org/0000-0003-3869-6552
https://orcid.org/0000-0002-3638-0266
https://orcid.org/0000-0001-5959-8172
https://orcid.org/0000-0003-0971-0968
https://orcid.org/0000-0001-8084-1931
https://orcid.org/0000-0002-7314-0990
https://orcid.org/0000-0001-8395-2928
https://orcid.org/0000-0002-4967-7675
https://orcid.org/0000-0002-1236-4667
https://orcid.org/0000-0001-6251-8049
https://orcid.org/0000-0002-6627-9708
https://orcid.org/0000-0003-1572-5365
https://orcid.org/0000-0001-9613-2849
https://orcid.org/0000-0002-7011-5044
https://orcid.org/0000-0001-9448-5691
https://orcid.org/0000-0002-0551-7696
https://orcid.org/0000-0001-9553-3421
https://orcid.org/0000-0001-9128-6806
https://orcid.org/0000-0001-8220-3095
https://orcid.org/0000-0003-0234-0474
https://orcid.org/0000-0002-7400-6013
https://orcid.org/0000-0003-3762-694X
https://orcid.org/0000-0003-3097-6613
https://orcid.org/0000-0002-9073-5689
https://orcid.org/0000-0002-1336-9558
https://orcid.org/0000-0001-5789-6205
https://orcid.org/0000-0002-5991-622X
https://orcid.org/0000-0002-3240-4523
https://orcid.org/0000-0002-7366-1307
https://orcid.org/0000-0002-1219-3247
https://orcid.org/0000-0002-7684-0415
https://orcid.org/0000-0002-0290-3022
https://orcid.org/0000-0003-3416-0056
https://orcid.org/0000-0002-8124-8969
https://orcid.org/0000-0003-3915-2506
https://orcid.org/0000-0001-5139-5784
https://orcid.org/0000-0002-2275-0473
https://orcid.org/0000-0001-8412-8308
https://orcid.org/0000-0003-4143-9127
https://orcid.org/0000-0002-1746-4683
https://orcid.org/0000-0001-5534-7149
https://orcid.org/0000-0003-3076-9243
https://orcid.org/0000-0003-1144-3678
https://orcid.org/0000-0002-8552-6276
https://orcid.org/0000-0002-9826-7947
https://orcid.org/0000-0002-5979-5050
https://orcid.org/0000-0002-1315-8646
https://orcid.org/0000-0003-1903-3251
https://orcid.org/0000-0002-7189-8343
https://orcid.org/0000-0003-1161-4983
https://orcid.org/0000-0001-7846-1913
https://orcid.org/0000-0003-1762-4699
https://orcid.org/0000-0002-7109-5583
https://orcid.org/0000-0003-4673-570X
https://orcid.org/0000-0003-1706-9365
https://orcid.org/0000-0002-2698-5448
https://orcid.org/0000-0002-7764-5777
https://orcid.org/0000-0001-9871-9002
https://orcid.org/0000-0001-8670-3409
https://orcid.org/0000-0002-6088-0412
https://orcid.org/0000-0002-7082-8108
https://orcid.org/0000-0002-0128-264X
https://orcid.org/0000-0002-8805-1886
https://orcid.org/0000-0003-2631-1790
https://orcid.org/0000-0002-1190-2961
https://orcid.org/0000-0003-4352-734X
https://orcid.org/0000-0002-2209-6969
https://orcid.org/0000-0001-6850-7666
https://orcid.org/0000-0002-0903-1722
https://orcid.org/0000-0002-3054-8400
https://orcid.org/0000-0003-2184-7510
https://orcid.org/0000-0003-3579-9951
https://orcid.org/0000-0001-6388-3005
https://orcid.org/0000-0002-0294-9071
https://orcid.org/0000-0002-7640-5456
https://orcid.org/0000-0002-6271-5808
https://orcid.org/0000-0002-5975-550X
https://orcid.org/0000-0003-1773-2999
https://orcid.org/0000-0003-0486-9291
https://orcid.org/0000-0002-1076-814X
https://orcid.org/0000-0002-7739-914X
https://orcid.org/0000-0002-9434-6197
https://orcid.org/0000-0001-9562-1253
https://orcid.org/0000-0001-6373-2346
https://orcid.org/0000-0002-7310-5079
https://orcid.org/0000-0003-4486-0064
https://orcid.org/0000-0002-1646-6847
https://orcid.org/0000-0002-7524-0936
https://orcid.org/0000-0001-6016-219X
https://orcid.org/0000-0001-7426-4824
https://orcid.org/0000-0001-7518-3022
https://orcid.org/0000-0002-3370-259X
https://orcid.org/0000-0001-6385-7712
https://orcid.org/0000-0001-5969-8712
https://orcid.org/0000-0001-7994-0537
https://orcid.org/0000-0001-9556-2433
https://orcid.org/0000-0001-6087-2052
https://orcid.org/0000-0001-6019-6218
https://orcid.org/0000-0003-4864-3411
https://orcid.org/0000-0002-4114-1091
https://orcid.org/0000-0002-8813-0437
https://orcid.org/0000-0001-9839-7373
https://orcid.org/0000-0001-6729-8436
https://orcid.org/0000-0002-2529-8515
https://orcid.org/0000-0003-1804-9470
https://orcid.org/0000-0003-0608-2302
https://orcid.org/0000-0001-9750-0551
https://orcid.org/0000-0001-6836-0748
https://orcid.org/0000-0002-8152-9605
https://orcid.org/0000-0002-6131-819X
https://orcid.org/0000-0002-3367-738X
https://orcid.org/0000-0002-6154-885X
https://orcid.org/0000-0002-0195-8005
https://orcid.org/0000-0002-9465-2493
https://orcid.org/0000-0002-1407-7450
https://orcid.org/0000-0002-3876-7069
https://orcid.org/0000-0002-5204-0851
https://orcid.org/0000-0003-0690-8100
https://orcid.org/0000-0003-2948-5155
https://orcid.org/0000-0001-7010-8066
https://orcid.org/0000-0002-0706-0247
https://orcid.org/0000-0002-6542-9954
https://orcid.org/0000-0001-6975-1724
https://orcid.org/0000-0002-1897-8272
https://orcid.org/0000-0003-1788-2866
https://orcid.org/0000-0003-4096-8393
https://orcid.org/0000-0003-0654-2866
https://orcid.org/0000-0001-7802-4617
https://orcid.org/0000-0003-1839-8152
https://orcid.org/0000-0002-4310-3638
https://orcid.org/0000-0001-5823-4393
https://orcid.org/0000-0002-5600-9413
https://orcid.org/0000-0002-4199-4369
https://orcid.org/0000-0001-5853-349X
https://orcid.org/0000-0003-3904-2956
https://orcid.org/0000-0003-3751-2803
https://orcid.org/0000-0002-9184-2830
https://orcid.org/0000-0003-1771-9161
https://orcid.org/0000-0002-3787-687X
https://orcid.org/0000-0002-7336-3246
https://orcid.org/0000-0003-0623-0184
https://orcid.org/0000-0003-4844-5028
https://orcid.org/0000-0002-7310-1983
https://orcid.org/0000-0002-8378-4255
https://orcid.org/0000-0001-8228-9781
https://orcid.org/0000-0002-1615-9118
https://orcid.org/0000-0003-2489-7812
https://orcid.org/0000-0002-4824-101X
https://orcid.org/0000-0002-5921-8819
https://orcid.org/0000-0003-2811-2218
https://orcid.org/0000-0002-1312-0429
https://orcid.org/0000-0002-7006-6107
https://orcid.org/0000-0003-3862-4380
https://orcid.org/0000-0002-8478-5639
https://orcid.org/0000-0002-0622-6065
https://orcid.org/0000-0001-8805-4895
https://orcid.org/0000-0002-5978-0289
https://orcid.org/0000-0001-9029-2462
https://orcid.org/0000-0002-8566-621X
https://orcid.org/0000-0001-7430-7599
https://orcid.org/0000-0002-1773-5455
https://orcid.org/0000-0002-0749-2146
https://orcid.org/0000-0002-9420-0091
https://orcid.org/0000-0002-5735-4059
https://orcid.org/0000-0001-9601-405X
https://orcid.org/0000-0002-3060-2729
https://orcid.org/0000-0001-8751-5944
https://orcid.org/0000-0001-9914-7261
https://orcid.org/0000-0003-2628-530X
https://orcid.org/0000-0002-1898-5333
https://orcid.org/0000-0002-3453-142X
https://orcid.org/0000-0002-8954-0585
https://orcid.org/0000-0001-7003-7210
https://orcid.org/0000-0002-9795-3582
https://orcid.org/0000-0003-4198-2517
https://orcid.org/0000-0003-1171-5960
https://orcid.org/0000-0001-8225-3973
https://orcid.org/0000-0001-6651-0706
https://orcid.org/0000-0002-8255-3746
https://orcid.org/0000-0003-3469-9377
https://orcid.org/0000-0003-4171-6219
https://orcid.org/0000-0001-9128-6240
https://orcid.org/0000-0002-5887-1883

D. Tonelli’?, E. Torassa'®”, K. Trabelsi'”, I. Tsaklidis®, M. Uchida'”, I. Ueda‘?,
T. Uglov®, K. Unger™, Y. Unno@, K. Uno'@, S. Uno', P. Urquijo'?,

Y. Ushiroda, S. E. Vahsen®, R. van Tonder®, G. S. Varner®, K. E. Varvell >,
M. Veronesi”, V. S. Vismaya”, L. Vitale'®, V. Vobbilisetti’”’, R. Volpe,

B. Wach @, M. Wakai>, S. Wallner®, E. Wang®, M.-Z. Wang'®, Z. Wang ",
A. Warburton®, M. Watanabe”, S. Watanuki®, M. Welsch®, C. Wessel 2,

E. Won@, X. P. Xu™, B. D. Yabsley™, S. Yamada™, W. Yan®, S. B. Yang?,
J. H. Yin@, K. Yoshihara™, C. Z. Yuan'®, Y. Yusa'”, L. Zani'®, Y. Zhang?,

V. Zhilich®@, J. S. Zhou™, Q. D. Zhou™, V. I. Zhukova™ and R. Zleb&ik

E-mail: xiaodong.shi@kek. jp, coll-publications@belle2.org

ABSTRACT: We measure CP asymmetries and branching-fraction ratios for B¥ — DK*
and D7t decays with D — KgKiwi, where D is a superposition of D and D°. We use
the full data set of the Belle experiment, containing 772 x 105 BB pairs, and data from
the Belle IT experiment, containing 387 x 10 BB pairs, both collected in electron-positron
collisions at the Y(4S5) resonance. Our results provide model-independent information on

the unitarity triangle angle ¢s.
KEYWORDS: B Physics, CKM Angle Gamma, CP Violation, eT-e~ Experiments

ARX1v EPRINT: 2306.02940


https://orcid.org/0000-0002-1494-7882
https://orcid.org/0000-0003-2321-0599
https://orcid.org/0000-0001-6567-3036
https://orcid.org/0000-0003-3584-4484
https://orcid.org/0000-0003-4904-6168
https://orcid.org/0000-0002-6833-4344
https://orcid.org/0000-0002-4944-1830
https://orcid.org/0000-0001-7378-6671
https://orcid.org/0000-0003-3355-765X
https://orcid.org/0000-0002-2209-8198
https://orcid.org/0000-0002-3401-0480
https://orcid.org/0000-0002-0887-7953
https://orcid.org/0000-0003-3174-403X
https://orcid.org/0000-0003-1685-9824
https://orcid.org/0000-0002-7448-4816
https://orcid.org/0000-0002-0302-8151
https://orcid.org/0000-0003-1017-1295
https://orcid.org/0000-0002-1916-3884
https://orcid.org/0000-0002-1606-5349
https://orcid.org/0000-0003-3354-2300
https://orcid.org/0000-0002-4399-5082
https://orcid.org/0000-0003-1782-2978
https://orcid.org/0000-0003-3533-7669
https://orcid.org/0000-0003-2818-3155
https://orcid.org/0000-0002-9105-1625
https://orcid.org/0000-0001-6391-5118
https://orcid.org/0000-0002-0979-8341
https://orcid.org/0000-0002-3536-4950
https://orcid.org/0000-0002-2298-7315
https://orcid.org/0000-0001-6917-6694
https://orcid.org/0000-0002-5241-6628
https://orcid.org/0000-0002-3026-1872
https://orcid.org/0000-0003-0959-4784
https://orcid.org/0000-0002-4245-7442
https://orcid.org/0000-0001-5096-1182
https://orcid.org/0000-0002-2680-0474
https://orcid.org/0000-0002-8858-9336
https://orcid.org/0000-0003-0713-0871
https://orcid.org/0000-0002-9543-7971
https://orcid.org/0000-0002-1479-9349
https://orcid.org/0000-0002-3656-2326
https://orcid.org/0000-0002-1652-6686
https://orcid.org/0000-0002-4001-9748
https://orcid.org/0000-0003-4957-805X
https://orcid.org/0000-0003-2961-2820
https://orcid.org/0000-0002-0907-5565
https://orcid.org/0000-0002-6413-4687
https://orcid.org/0000-0001-5968-6359
https://orcid.org/0000-0002-8253-641X
https://orcid.org/0000-0003-1644-8523
mailto:xiaodong.shi@kek.jp
mailto:coll-publications@belle2.org
https://arxiv.org/abs/2306.02940

Contents

1 Introduction 1
2 Formalism 2
3 Belle and Belle IT detectors 3
4 Simulation 4
5 Event selection 4
6 Signal extraction 6
7 Systematic uncertainties 7
8 Results 16
9 Summary 17
A Belle data results 19

1 Introduction

In the Standard Model, CP violation is described by a single irreducible complex phase of
the Cabibbo-Kobayashi-Maskawa (CKM) quark-mixing matrix [1, 2]. The CKM matrix is
unitary, so V, , V., + V.,V + V,;,Vi, = 0, where V;; is the CKM matrix element coupling
quark flavour ¢ to quark flavour j. This condition, represented by a triangle in the complex
plane, provides a promising way to verify the Standard Model by testing the closure of
the triangle. The interior angle ¢3 (also known as ), defined as arg(—V, V. /V.;V3), is
independent of top-quark couplings and a benchmark of the Standard Model. Through the
interference of b — cus and b — ucs transition amplitudes in tree-level b-hadron decays,
where non-Standard-Model effects are negligible [3], ¢35 can be studied in a theoretically
reliable way [4]. An improved direct measurement of ¢3 would provide a key input for
Standard Model predictions, which can be compared with predictions of other measured
observables that are sensitive to new particles and interactions.

The world average of ¢3 measurements, (65.9752)° [5], in which the LHCb experiment
contributes most, is dominated by studies of the interference of B*¥ — DYK* and B* —
D°K* decays in which the DY and D° decay to a common final state [6-8]. Grossman,
Ligeti, and Soffer (GLS) proposed a method to measure ¢3 with singly Cabibbo-suppressed
decays of D mesons, D — K{K*r¥ [9], where D is a superposition of D° and D° mesons.



Experimentally, one measures seven observables to access ¢3, including four CP asymme-
tries and three branching-fraction ratios in B* — Dh* decays, where h is a pion or kaon.
From these, the ¢3-related information is extracted without model dependent uncertainties
from the amplitude model of D decay. However, information about the D — K{K o
dynamics is necessary. The CLEO experiment measured this information using all such D
decays and also using only decays in which the K7 pair has a mass within 100 MeV /c? of
the known K*(892)F mass [10].! In that region, the interference of B* — D°h* and B* —
DPh* decays is expected to be enhanced due to the large coherence factor in D — KOK*n ¥
decays, possibly leading to a more precise determination of ¢3. The principal experimental
challenge is extracting the signal given the small branching fractions of these channels.

The LHCD collaboration reported the most precise GLS measurement to date [11].
In this paper, we present a similar measurement for B* — DK* and B* — Dz%t us-
ing 772 x 10° BB pairs collected by the Belle experiment [12] and 387 x 10° BB pairs
collected by the Belle II experiment [13], produced in electron-positron collisions at the
Y (4S) resonance.? We fit to the distributions of two signal-discriminating observables, si-
multaneously in both data sets and all channels to extract the seven GLS observables. An
additional measurement restricted to a K**-enriched region of the D meson phase space
is also reported, as well as results based on the Belle data only.

2 Formalism

We categorise BT — Dh* followed by D — KJK*rF as same-sign (SS) or opposite-
sign (OS) decays according to the charge of the K* produced by the D meson relative to
the charge of the B* meson. The four CP asymmetries are

Dh~ DhTt
Nm — Nm

ADh
m Nghi + N£h+

with h=mK, (2.1)

where Nghi is the number of B — Dh* decays, and m denotes the decay type, which is
either SS or OS. The three branching-fraction ratios are

- +
RDK/Dr — NDRT + NDK (2.2)
m = = T .
Nrgﬂ— + N£T(
and
T wt
R = s N (2.3)

SS/0S = NODSTF + N(l))SWJr

'The K*(892)F is henceforth referred to as K**.
2Here, B indicates either a B* or B°.



The relations between the seven observables and ¢3 are given by the following equa-
tions:

ADK _ 2rB rDKD sm(éDK — dp)sin ¢3
55 1+ (rB%)2r2 + 2rBEypkp cos(68K — 6p) cos g3

27"B rpkpsin(65% + 6p) sin ¢3

Ags = DK ;
(rBE)2 + 12 + 2rB8rprp cos(0BK + 6p) cos 3
AT — 2rB™r pkp sin(68™ — §p) sin ¢3
S Dmy2p2) 2 + 2rB™rprp cos(68™ — 6p) cos g3’
ADT — 2rB™r pkp sin(68™ + 5p) sin ¢3 (2.4)
oS (rB™)2 + 12 + 2rB™rprp cos(68™ + 6p) cos ¢ '
R DK/Dr _ 1+ (rB5%)2r2 4 2rBEy pkp cos(68K — 6p) cos ¢3
S8 1+ (rB™)2r% + 2rB™rprp cos(68™ — 6p) cos ¢z
R DK/Dr _ R( B2 492 4 2rBEyr bk p cos(0BK + 6p) cos 3
o8 (rB™2 + 1% + 2r8™rprp cos(08™ + 6p) cos g3
RDr L+ (rB™2r2 4+ 2rB™rprp cos(65™ — 6p) cos ¢3
$8/08 (rB™2 + 1% + 2rE™rprp cos(08™ + 0p) cos g3

where rgK (rgﬂ) is the ratio of the magnitudes of the suppressed-to-favoured amplitudes

for the BT — DK (Dnt) decay, §5%(65™) is the relative strong-phase difference between
those amplitudes, rp and ép are the amplitude ratio and strong-phase difference, respec-
tively, between D? — KSK ~nt and D° — KE?K T~ decays, kp is the coherence factor of
these D decays [10], and R is the ratio between BT — D°K* and BT — DYz branching
fractions.

3 Belle and Belle IT detectors

The Belle detector [12, 14] was a large-solid-angle magnetic spectrometer at the KEKB
accelerator [15, 16], which collided 8 GeV electrons with 3.5 GeV positrons. The subde-
tectors of Belle most relevant for our study are the silicon vertex detector and the central
drift chamber for charged-particle tracking and ionization-energy loss measurement and the
aerogel threshold Cherenkov counters and time-of-flight scintillation counters for charged
particle identification (PID). They were situated in a uniform axial magnetic field of 1.5 T.

The Belle IT detector [13] is an upgrade of the Belle detector at the SuperKEKB ac-
celerator [17], which collides 7 GeV electrons with 4 GeV positrons. Innermost is a tracking
system, including two layers of silicon pixel sensors, four layers of silicon strip detectors,
and the central drift chamber. Only 15% of the azimuthal angle is covered by the sec-
ond layer of the pixel detector for the Belle II data used in this paper. Outside the drift
chamber, the time-of-propagation and aerogel ring-imaging Cherenkov subdetectors cover
the barrel and forward endcap regions, respectively. Outside these subdetectors are the
electromagnetic calorimeter and a solenoid, which provides a uniform 1.5 T magnetic field.
A K? and muon detector is installed in the iron flux-return yoke of the solenoid.



4 Simulation

We use simulated samples to identify sources of background, optimise selection criteria, cal-
culate selection efficiencies, and distinguish fit models. We generate ete™ — Y(4S) — BB
events, and simulate particle decays with EVTGEN [18]; we generate continuum ete™ — ¢g
where ¢ is an u, d, ¢, or s quark with PyTH1A [19] for Belle and KKMC [20] and PYTHIA
for Belle II; we simulate final-state radiation with PHOTOS [21]; we simulate detector re-
sponse using GEANT3 [22] for Belle and GEANT4 [23] for Belle II. We model our signal
processes using both nonresonant D — KgKiW¢ and D — K*TK* decays. In the Belle
simulation, beam backgrounds are taken into account by overlaying random trigger data.
In the Belle II simulation, they are accounted for by simulating the Touschek effect [24],
beam-gas scattering, and luminosity-dependent backgrounds from Bhabha scattering and
two-photon quantum-electrodynamic processes [25, 26].

5 Event selection

We reconstruct events using the Belle II analysis software for both Belle and Belle II
data [27-29]. All events are required to pass the online selection criteria based on either
total energy deposition in the electromagnetic calorimeter or the number of charged-particle
tracks in the central drift chamber. The efficiency of the online selection is found to be
close to 100%.

Tracks originating from K* and 7 are selected by requiring that each have a distance

of closest approach to the eTe™ interaction point smaller than 1.0 cm in the longitudinal
direction (parallel to the e beam at Belle and the principal axis of the magnet at Belle IT)
and smaller than 0.2cm in the transverse plane. We identify the species of each charged
hadron using £L(K/7) = L(K)/[L(K) + L(w)], where L£(h) is the likelihood for hadron
h to have produced the relevant track based on information from the aerogel threshold
Cherenkov counters, time-of-flight scintillation counters, and the central drift chamber for
Belle and all subdetectors for Belle 1I.

We identify an h* as a kaon if £(K/w) > 0.6. To improve signal efficiency, no PID
requirement is applied to the pion candidate from D decay. Only prompt pion candidates,
which are produced directly from BT decay, are required to satisfy L£(K/m) < 0.6. In
Belle II data, we also restrict the polar angle of the prompt A* in the laboratory frame to
be within the acceptance of the PID detectors. The kaon-identification efficiency depends
on the particle momentum and is in the range of 86%-90%. The rate to misidentify a pion
as a kaon is in the range of 3%—9%.

We reconstruct K mesons via their decays to 777 ~. Each candidate K? is formed
from a pair of oppositely-charged particles with no PID requirements, constrained to come
from a common vertex. The resulting dipion mass must be in the range of [487, 508] MeV /c?,
which corresponds to 430 around the known K mass [5], with o being the mass resolution.
To improve purity, we reject combinatorial background based on the output of a neural
network for Belle [30] and a boosted decision tree (BDT) [31] for Belle II. For the latter
one, 15 input variables are selected including kinematic quantities and the number of hits



in the vertex detector associated to the 7+ tracks. The most discriminating variables are
the angle between the directions of the KO momentum and the decay position seen from the
beam interaction point in the laboratory frame and the flight length of the K normalised
by its uncertainty.

Each neutral D candidate, reconstructed from K2, K * and 7T candidates, must have
a mass in the range of [1.85,1.88] GeV/c?, which corresponds to +30 around the known
D° mass [5], where o is the typical D mass resolution.

Each B* candidate is reconstructed from D and prompt h* candidates. To suppress
continuum background, we require that the beam-constrained mass,

Mye = /s/4 = |Ppel?/, (5.1)

exceed 5.27 GeV /c?, where s is the squared collision energy and pp is the B momentum,
both defined in the eTe™ centre-of-mass (c.m.) frame. We also require |[AE| < 0.15 GeV,
where AE = Ep — /s/2 and Ep is the B energy in the c.m. frame.

The remaining background comes mostly from continuum events, which are topologi-
cally distinguishable from BB events. Since the momentum of a B is only 333 MeV /c in the
c.m. frame, the final-state particles of a BB event are almost isotropically distributed in the
c.m. frame. The final-state particles of continuum events form mainly back-to-back jets. We
discriminate between BB and continuum events using modified Fox-Wolfram moments [32,
33], the thrust of the B decay products [34], the angle between the axis of this thrust and
that of the particles in the rest of the event (ROE), the polar angle of the B momentum,
the distance between the B decay vertex and that of the ROE in the longitudinal direction,
and the output of a B-flavour-tagging algorithm [35, 36].> All frame-dependent quantities
are calculated in the c.m. frame. Simulated samples show that these variables have corre-
lations of 4% or smaller with AFE, which is used in the signal-extraction fit. We train BDT
classifiers with these variables separately for Belle and Belle II. The classifier output, C| is
distributed between zero and one. We require C' > 0.3, which rejects 64.3% of continuum
background candidates and retains 95.3% of signal candidates for Belle and rejects 63.0%
of continuum background candidates and retains 97.2% of signal candidates for Belle II.

We suppress BT candidates in which the D comes from a D** decay by reconstruct-
ing possible D** candidates from the D and a charged particle (assumed to be a pion)
from the ROE and vetoing any B¥ candidate whose D forms a D** with mass difference
M(KIK+r—n%) — M(KOK*7~) in the range of [143,148] MeV /2.

Remaining background candidates come from continuum events, cross-feed background
from signal events in which the prompt KT is misidentified as a 7% or the reverse, or
from other B decays such as B¥ — D*h* or Bt — DK**. Sidebands in D mass,
[1.73,1.85] GeV/c? and [1.88,1.94] GeV /c?, show no significant backgrounds from B* de-
cays without intermediate D mesons.

On average, 1.02 B* candidates are reconstructed per event. In events with multiple
candidates, we keep only the one with the smallest x? calculated from the measured and

3For Belle II, a category-based algorithm is adopted.



known masses of the D, M., the known B mass, and the resolutions on both measured
masses. Simulated samples show that we select the correct candidate in 78% of such events.

6 Signal extraction

To determine the CP asymmetries and branching-fraction ratios, we fit to the two-
dimensional distributions of AE and C’, a transformation of C' that is uniformly distributed
between zero and one for signal and peaks at zero for continuum background [7]. We model
their distributions independently since they have negligible correlations according to simu-
lation. We perform an unbinned extended maximum-likelihood fit simultaneously in sixteen
subsets of the data formed by the Cartesian product of the two charges of the B*, the
two relative charges of the K* from D, the two species of the prompt h*, and the two
experiments. The fit function accounts for contributions from the signal decays, contin-
uum background, cross-feed background, and other BB backgrounds. We perform the fit
separately for the full D phase space and for the K** region.

For the signal component, we model AE as a sum of two Gaussian functions and
an asymmetric Gaussian function with all parameters fixed to values determined from
simulated samples, except for the common mean of all three Gaussian functions and a
common multiplier for all their widths, which account for differences in resolution between
the experiment and simulation. We model C” as uniformly distributed.

For the continuum component, we model AFE as a straight line and C’ as the sum of
two exponential functions. All parameters but the slope of the line and the rate parameter
for the steeper exponential are fixed to values determined from simulated samples.

For the cross-feed component, we model AFE identically to signal, but with its own
parameters, and C’ as a straight line, with independent parameters for the DK and Dn
data and all parameters fixed to values determined from simulated samples.

For the BB-background component, we model AE as a sum of two exponential func-
tions and C’ as a straight line, with independent parameters for DK and Dm and all
parameters except for the rate parameter of the steeper exponential function fixed to val-
ues determined from simulated samples.

For each data subset ¢, the total number of events nfg’ﬁ with no PID requirement are

related to the observed numbers of signal events ngg}fj[, cross-feed background yields nﬁfé,
and the PID efficiencies €,+ as follows:

ngglgi = eKingﬁi, (6.1)

Qg{f = eﬂinfggf, (6.2)

nis = (1= eIl (6.3)

nﬁfgj; =(1- eKi)nféﬁi. (6.4)

In the fit, the ngﬁi and ntDoﬁ yields are expressed in terms of the CP asymmetries and
branching-fraction ratios, the sum of all ntDogi, and the ratio J of the efficiency for detecting
B* — DK% over that for B¥ — Dn* decays. The PID efficiencies and § are fixed

from simulated samples and corrected for discrepancies between experiment and simulation



Belle Belle 11
e+ 0.845 £ 0.009 0.820 £ 0.005
ex— 0.853 + 0.008 0.821 + 0.004
€+ 0.926 = 0.008 0.929 £ 0.003
€.— 0.930 £ 0.009 0.918 4+ 0.003
0 0.973 £ 0.005 0.972 £+ 0.004

Table 1. PID and tracking efficiencies.

that depend on particle momentum, direction, charge, and species. Those corrections
range between 0.960 and 0.984, with typical uncertainties of 0.008 to 0.009, as estimated
using the control channels D** — D%(— K—7)rt, and K — nt7~ for K* and 7.
Table 1 lists the post-correction efficiencies and § with uncertainties including those on the
corrections. We validate the fit strategy using simplified simulated experiments and find
unbiased estimates and Gaussian uncertainties for all parameters of interest.

The fits determine the sums of all nt[gl yields in the full D phase space to be 2209 £ 59
for Belle and 1210 4 39 for Belle IT and in the region of the K** to be 1337 + 42 for Belle
and 732 4 30 for Belle II. The sum of all ngfl yields is calculated using the fit results, and is
238 £ 21 for Belle and 131 4 12 for Belle II for the full D phase space and 126 £ 15 for Belle
and 69 £ 9 for Belle II in the region of the K**. Figures 1-4 show the data and fit results
for the full D phase space and figures 5-8 show the same distributions for the K** region.
We enhance the signal in the plots by displaying AE distributions for events with C’ > 0.6
and C’ distributions for events with |[AFE| < 0.05GeV. In the AE distributions of the DK
data subset, the cross-feed component from D is visible as a peak at higher AFE values.

7 Systematic uncertainties

We consider the sources of systematic uncertainties listed in table 2. For the first three
sources in the table, we estimate the systematic effects associated with the fixed efficiencies
in the fit and the uncertainties in the choice of model parameters. We vary the values for
the fixed parameters one thousand times, sampling them from a multivariate Gaussian
distribution with the known uncertainties and correlations. We repeat the fit for each
variation and inspect the distributions of results. If they are approximately Gaussian, we
take the standard deviations as systematic uncertainties. If they are non-Gaussian, we
conservatively take the full ranges of the distributions as the systematic uncertainties. For
the AFE shape of the continuum component, which does not have any fixed parameters, we
repeat the fit using a second-order polynomial function as an alternative model and take
the changes of the fit results as systematic uncertainties.

In our fits, we assume equal efficiencies for detecting and reconstructing D — KK ~n ™
and D — KK 7~ decays. In simulation, the ratio of the former to the latter is 0.98. We
repeat the analysis using this value and assign the differences in the results as systematic un-
certainties. Our simulated samples are generated assuming the D decay products are evenly
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Figure 1. Distributions of ¢’ and AE for B* — DK® candidates reconstructed in the Belle data
for the full D phase space, with the fit results overlaid. The SS or OS indicates the type of the
signal decay chain, same-sign or opposite-sign, respectively.
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DK DK Dn Dr DK /D DK /D Dr
Ags Aos  Ass A Reg Rog Rsdios

Full D phase space

€, Ent 0.38 0.56 0.19 0.14 0.05 0.06 0.09
0 — 0.03 — — 0.04 0.03 0.02
Model 0.62 0.78 0.02 0.02 0.30 0.22 0.07
ngKjﬁ/ngKﬂrf 0.82 0.83 0.82 0.83 0.01 0.01 0.02
Total syst. unc. 1.1 1.3 09 0.9 0.4 0.3 0.2
Stat. unc. 9.1 13.3 2.6 3.1 1.2 1.3 5.7
K** region
€, Ext 0.37 0.61 0.17 0.15 0.03 0.08 0.13
0 0.02 0.02 0.01 0.01 0.03 0.04 0.04
Model 1.04 097 0.20 0.03 0.46 0.49 0.61
6K§K‘7r+/6KgK+7r_ 1.6 0.8 1.6 0.8 0.1 0.1 1.7
Total syst. unc. 2.0 14 1.6 0.9 0.5 0.6 1.9
Stat. unc. 11.9 184 2.9 4.6 1.2 2.0 13.2
Table 2. Systematic and statistical uncertainties in units of 1072. The entries “—” indicate

uncertainties smaller than 10~%.

distributed in the available phase space, which is not the distribution expected in the data.
However, the efficiency ratios calculated with an alternative decay model of D — K** KT,
which is the dominant process in D — K{KTr* [5], are equivalent to the nominal ones.

8 Results

The results from the Belle and Belle II data for the full D phase space are

ABE = —0.089 £ 0.091 +0.011, (8.1)
ABE =0.109 4 0.133 +0.013, (8.2)
AEF = 0.018 + 0.026 + 0.009, (8.3)
A8T = —0.028 4 0.031 + 0.009, (8.4)
RES/P™ — 0.122 4 0.012 + 0.004, (8.5)
ROK/PT — 0,093 + 0.013 + 0.003, (8.6)
REJ0s = 1.428 £ 0.057 £ 0.002, (8.7)
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ABE ARr ABr RGPT Rog™"T RETo
ARK 0.001  —0.010  0.000 0.001  —0.000 0.003
ALK 0.000 —0.006  0.003 0.008  —0.001
AL 0.000  0.006 —0.001  —0.004
ALz 0.001 0.001 0.001
RE/IPT 0.038  —0.176
ROS/PT 0.178

Table 3. Statistical correlations for results in the full D phase space using Belle and Belle IT data.

and for the K** region are

ABE = 0.055 4 0.119 = 0.020, (8.8)
ABK = 0.231 £0.184 £ 0.014, (8.9)
ART = 0.046 £ 0.029 + 0.016, (8.10)
ABT = 0.009 4 0.046 + 0.009, (8.11)
REF/P™ — 0,093 +0.012 + 0.005, (8.12)
REE/P™ — 0,103 + 0.020 + 0.006, (8.13)
RETog = 2,412+ 0.132 % 0.019, (8.14)

where the first uncertainty is statistical and the second is systematic. Tables 3—6 list the
statistical and systematic correlations of all results. Our results are consistent with LHCb’s
results [11], with worse precision due to a smaller sample size. This study is also performed
with the Belle data set alone and the results are reported in appendix A.

Our results alone do not allow for an unambiguous determination of ¢3, but combined
with other results in global fits they constrain it. The enhancement of the D — KOK*7T’s
coherence factor xp in the K** region indicated by the current CLEO measurement [10]
suggests the possibility of an enhancement of the CP-violating asymmetry in that region.
However, the current precisions of both GLS results from this paper and strong-phase differ-
ence results prevent a conclusive statement if such enhancement is sufficient to compensate
for the extra efficiency loss due to the phase space restriction.

9 Summary

We measure the CP asymmetries and branching-fraction ratios for B¥ — DK and B* —
Dr* decays with D — KOK*7¥ using the full Belle data set containing 772 x 105 BB
pairs and a Belle II data set containing 387 x 10° BB pairs. We extract these observables
simultaneously through a simultaneous fit across data sets and channels for the full D
phase space and in the region of the K**. These results, combined with other ¢s-related
results, constrain the unitarity triangle angle ¢s.
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Agé( ASDS7r Agér RSDSK/D7r Rgé(/Dﬂ RSDSW OS
Ags DK 0.390 —0.002  0.065  0.409 0.447  0.129
Aos,pK 0.025  0.001  0.205 0.234  0.032
Ags.px 0.036  0.052 0.043  —0.048
Aos,Dr 0.094 0.086  0.063
Rss pK/Dr 0.953 —0.072
Ros,px/Dx 0.089

Table 4. Systematic correlations for results in the full D phase space using Belle and Belle IT data.

Agé( Aé)S7T Agg R?SK/DW Rgé( /on RSDS7r [ON]
ARK 0.003 —0.012  0.001 —0.052 —0.013  0.002
ABK 0.001 —0.011 —0.004  —0.034 0.002
Alr 0.000  0.002 —0.004 —0.011
ALz —0.002  —0.002 0.014
REF/PT 0.034  —0.132
REE/PT 0.208

Table 5. Statistical correlations for results in the region of the K** using Belle and Belle II data.

Agé( ASDSW Agg RSDSK/DF Rgé(/Dﬂ Ré)STr OS
Ass.pK 0.195  0.046  0.013 0120 —0.053  0.191
Aos.pk 0.038  0.004  0.344 0.210  0.006
A$S,Dr 0.022 —0.004 —0.037  0.017
Aos.Dx ~0.016 —0.023  0.006
Rss.pK/Dx 0914  0.015
Ro$,pK/Dr —0.097

Table 6. Systematic correlations for results in the region of the K** using Belle and Belle II data.
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ABE ARy ABT RGPT Rog™PT REg
ARK 0.000 —0.015  0.000  0.027 0.002 0.004
ALK —0.000 —0.013 0.004 0.051 0.000
ALxE 0.000  0.009 —0.003 —0.008
ALz —0.002  —0.000 0.007
REF/DT 0.048  —0.166
ROS/PT 0.168

Table 7. Statistical correlations for results in the full D phase space using Belle data alone.

A Belle data results

The results using only Belle data for the full D phase space are

RPE/DT _ 0.112 4 0.014 + 0.002,
REE/PT™ — 0,085 +0.016 + 0.002,

and for the K** region are

DK /Dr
Rog

REG0g = 1.472 £ 0.074 4 0.002,

ARF =0.028 +0.163 + 0.022,
ABE =0.220 4+ 0.245 £ 0.014,
AL = 0.041 4 0.036 + 0.011,
ABE = 0.041 4 0.059 £ 0.011,
REF/P™ — 0,082 +0.014 + 0.002,

= 0.097 £ 0.027 + 0.002,
RES 05 = 2.592 £ 0.180 % 0.005.

ARE = —0.121 £0.120 4 0.013,
ABE = —0.016 +£0.182 + 0.014,
AT =0.014 4 0.032 + 0.011,
ABZ = 0.001 4 0.039 +0.011,

~—~ o~ ~~ —~ —~ —~
> PP
N S Ot s W NN
~— Y~ ~— ' ' ' ~—

Tables 7-10 list the statistical and systematic correlations. These results on Belle data

only are provided to facilitate combinations with future updates of Belle II results.
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