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M. Dorigo , G. Dujany , P. Ecker , D. Epifanov , R. Farkas , P. Feichtinger , T. Ferber , T. Fillinger , C. Finck ,
G. Finocchiaro , A. Fodor , F. Forti , B. G. Fulsom , A. Gabrielli , A. Gale , E. Ganiev , M. Garcia-Hernandez ,
R. Garg , G. Gaudino , V. Gaur , V. Gautam , A. Gaz , A. Gellrich , D. Ghosh , H. Ghumaryan , G. Giakoustidis ,
R. Giordano , A. Giri , P. Gironella Gironell , B. Gobbo , R. Godang , O. Gogota , P. Goldenzweig , W. Gradl ,
E. Graziani , D. Greenwald , Z. Gruberová , Y. Guan , K. Gudkova , I. Haide , Y. Han , H. Hayashii , S. Hazra ,

C. Hearty , M. T. Hedges , A. Heidelbach , G. Heine , I. Heredia de la Cruz , M. Hernández Villanueva ,
T. Higuchi , M. Hoek , M. Hohmann , P. Horak , C.-L. Hsu , T. Humair , T. Iijima , K. Inami , G. Inguglia ,
N. Ipsita , A. Ishikawa , R. Itoh , M. Iwasaki , P. Jackson , D. Jacobi , W.W. Jacobs , D. E. Jaffe , Q. P. Ji ,
S. Jia , Y. Jin , A. Johnson , J. Kandra , K. H. Kang , G. Karyan , T. Kawasaki , F. Keil , C. Ketter , M. Khan ,
C. Kiesling , D. Y. Kim , J.-Y. Kim , K.-H. Kim , K. Kinoshita , P. Kodyš , T. Koga , S. Kohani , K. Kojima ,
A. Korobov , S. Korpar , E. Kovalenko , R. Kowalewski , P. Križan , P. Krokovny , K. Kumara , T. Kunigo ,

A. Kuzmin , Y.-J. Kwon , K. Lalwani , T. Lam , J. S. Lange , T. S. Lau , M. Laurenza , R. Leboucher ,
F. R. Le Diberder , M. J. Lee , C. Lemettais , P. Leo , P. M. Lewis , H.-J. Li , L. K. Li , Q. M. Li , W. Z. Li ,
Y. Li , Y. B. Li , Y. P. Liao , J. Libby , J. Lin , S. Lin , V. Lisovskyi , M. H. Liu , Q. Y. Liu , Y. Liu , Z. Liu ,
D. Liventsev , S. Longo , C. Lyu , Y. Ma , C. Madaan , M. Maggiora , S. P. Maharana , R. Maiti , G. Mancinelli ,

R. Manfredi , E. Manoni , M. Mantovano , D. Marcantonio , S. Marcello , C. Marinas , C. Martellini ,
A. Martens , T. Martinov , L. Massaccesi , M. Masuda , S. K. Maurya , M. Maushart , J. A. McKenna , F. Meier ,

M. Merola , C. Miller , M. Mirra , S. Mitra , K. Miyabayashi , R. Mizuk , G. B. Mohanty , S. Moneta ,
H.-G. Moser , M. Nakao , H. Nakazawa , Y. Nakazawa , M. Naruki , Z. Natkaniec , A. Natochii , M. Nayak ,
M. Neu , S. Nishida , S. Ogawa , R. Okubo , H. Ono , E. R. Oxford , G. Pakhlova , S. Pardi , K. Parham ,

H. Park , J. Park , K. Park , S.-H. Park , A. Passeri , S. Patra , R. Pestotnik , L. E. Piilonen ,
P. L. M. Podesta-Lerma , T. Podobnik , A. Prakash , C. Praz , S. Prell , E. Prencipe , M. T. Prim , S. Privalov ,
H. Purwar , P. Rados , G. Raeuber , S. Raiz , V. Raj , K. Ravindran , J. U. Rehman , M. Reif , S. Reiter ,
M. Remnev , L. Reuter , D. Ricalde Herrmann , I. Ripp-Baudot , G. Rizzo , J. M. Roney , A. Rostomyan ,

N. Rout , L. Salutari , D. A. Sanders , S. Sandilya , L. Santelj , V. Savinov , B. Scavino , C. Schmitt , J. Schmitz ,
S. Schneider , G. Schnell , M. Schnepf , C. Schwanda , A. J. Schwartz , Y. Seino , A. Selce , K. Senyo ,

J. Serrano , M. E. Sevior , C. Sfienti , W. Shan , X. D. Shi , T. Shillington , J.-G. Shiu , D. Shtol , B. Shwartz ,
A. Sibidanov , F. Simon , J. Skorupa , R. J. Sobie , M. Sobotzik , A. Soffer , A. Sokolov , E. Solovieva ,

S. Spataro , B. Spruck , M. Starič , P. Stavroulakis , S. Stefkova , L. Stoetzer , R. Stroili , Y. Sue , M. Sumihama ,
N. Suwonjandee , H. Svidras , M. Takizawa , K. Tanida , F. Tenchini , F. Testa , O. Tittel , R. Tiwary ,

E. Torassa , K. Trabelsi , F. F. Trantou , I. Tsaklidis , M. Uchida , I. Ueda , T. Uglov , K. Unger , Y. Unno ,
K. Uno , S. Uno , Y. Ushiroda , R. van Tonder , K. E. Varvell , M. Veronesi , A. Vinokurova , V. S. Vismaya ,
L. Vitale , R. Volpe , A. Vossen , S. Wallner , M.-Z. Wang , A. Warburton , M. Watanabe , S. Watanuki ,

C. Wessel , E. Won , B. D. Yabsley , S. Yamada , W. Yan , S. B. Yang , J. Yelton , J. H. Yin , K. Yoshihara ,
J. Yuan , Y. Yusa , L. Zani , M. Zeyrek , B. Zhang , V. Zhilich , J. S. Zhou , Q. D. Zhou ,

L. Zhu , and R. Žlebčík

(Belle and Belle II Collaborations)

(Received 23 April 2025; accepted 10 June 2025; published 21 July 2025)

PHYSICAL REVIEW D 112, 012017 (2025)

2470-0010=2025=112(1)=012017(9) 012017-1 Published by the American Physical Society

https://orcid.org/0000-0003-2287-0173
https://orcid.org/0000-0001-6820-0576
https://orcid.org/0000-0002-4425-2096
https://orcid.org/0000-0001-7609-112X
https://orcid.org/0000-0002-2234-8628
https://orcid.org/0000-0002-3883-6693
https://orcid.org/0000-0003-1513-0409
https://orcid.org/0000-0003-1757-5620
https://orcid.org/0000-0003-4745-1020
https://orcid.org/0000-0003-0471-197X
https://orcid.org/0009-0003-9088-3811
https://orcid.org/0000-0002-1586-5790
https://orcid.org/0000-0003-2435-501X
https://orcid.org/0000-0002-6347-7055
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/0009-0008-7806-4422
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/0009-0002-7835-0855
https://orcid.org/0000-0001-5585-0991
https://orcid.org/0000-0003-1360-3292
https://orcid.org/0000-0001-9438-089X
https://orcid.org/0000-0003-0562-4616
https://orcid.org/0000-0002-5082-5487
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/0000-0002-5089-5338
https://orcid.org/0000-0003-2990-1913
https://orcid.org/0000-0001-6030-3087
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/0000-0001-8472-5727
https://orcid.org/0000-0002-8803-4429
https://orcid.org/0000-0001-7620-2053
https://orcid.org/0009-0005-9210-8872
https://orcid.org/0000-0003-2099-7760
https://orcid.org/0000-0002-7008-3759
https://orcid.org/0000-0003-1705-7399
https://orcid.org/0000-0002-1673-5664
https://orcid.org/0000-0003-2747-8277
https://orcid.org/0000-0001-9841-0216
https://orcid.org/0009-0009-8755-6290
https://orcid.org/0000-0002-2577-9909
https://orcid.org/0000-0002-2398-3754
https://orcid.org/0000-0002-7469-6974
https://orcid.org/0000-0003-3905-6805
https://orcid.org/0000-0002-6509-7793
https://orcid.org/0000-0001-8442-107X
https://orcid.org/0000-0002-3808-5455
https://orcid.org/0000-0003-1997-6751
https://orcid.org/0000-0003-1233-3876
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/0000-0002-1345-8163
https://orcid.org/0000-0002-6817-6868
https://orcid.org/0000-0001-8656-2693
https://orcid.org/0000-0002-7647-1429
https://orcid.org/0000-0003-3966-7497
https://orcid.org/0000-0002-6849-0427
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/0000-0002-5862-9739
https://orcid.org/0000-0001-7695-0537
https://orcid.org/0009-0005-2634-7189
https://orcid.org/0000-0001-8346-8597
https://orcid.org/0000-0003-2393-3367
https://orcid.org/0000-0002-7406-4707
https://orcid.org/0000-0001-5983-1552
https://orcid.org/0000-0002-8880-6134
https://orcid.org/0009-0001-9817-8637
https://orcid.org/0000-0001-6754-3315
https://orcid.org/0000-0003-0974-6231
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/0000-0001-5603-4750
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://orcid.org/0000-0001-8602-5652
https://orcid.org/0000-0001-6964-8399
https://orcid.org/0000-0002-5691-1044
https://orcid.org/0000-0002-5541-2278
https://orcid.org/0000-0002-5858-3187
https://orcid.org/0000-0003-0962-6344
https://orcid.org/0000-0001-6775-5932
https://orcid.org/0000-0002-5138-5903
https://orcid.org/0000-0001-6954-9593
https://orcid.org/0000-0001-6568-0252
https://orcid.org/0000-0001-6504-1872
https://orcid.org/0000-0002-6663-5469
https://orcid.org/0009-0009-1827-2008
https://orcid.org/0000-0002-8133-6467
https://orcid.org/0000-0002-6322-5587
https://orcid.org/0000-0002-7761-3505
https://orcid.org/0000-0002-1893-8764
https://orcid.org/0000-0001-5147-4781
https://orcid.org/0000-0001-9979-6501
https://orcid.org/0000-0002-1641-430X
https://orcid.org/0000-0002-2922-9779
https://orcid.org/0000-0002-4271-711X
https://orcid.org/0000-0003-2765-7072
https://orcid.org/0000-0003-0331-8279
https://orcid.org/0000-0002-2927-3366
https://orcid.org/0000-0002-3561-5633
https://orcid.org/0000-0003-1590-0266
https://orcid.org/0000-0002-9402-7559
https://orcid.org/0000-0002-0847-402X
https://orcid.org/0000-0003-2399-9796
https://orcid.org/0000-0002-9996-6336
https://orcid.org/0000-0003-3122-4384
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/0000-0001-5635-1000
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/0000-0002-2168-0872
https://orcid.org/0000-0002-2209-535X
https://orcid.org/0000-0001-8125-9070
https://orcid.org/0000-0001-7593-843X
https://orcid.org/0000-0002-4659-1112
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/0000-0002-4967-7675
https://orcid.org/0000-0002-1236-4667
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/0000-0002-7294-396X
https://orcid.org/0000-0001-9128-6806
https://orcid.org/0000-0003-0234-0474
https://orcid.org/0000-0001-7110-7823
https://orcid.org/0000-0002-7400-6013
https://orcid.org/0000-0003-3097-6613
https://orcid.org/0000-0002-9073-5689
https://orcid.org/0000-0003-4528-4601
https://orcid.org/0009-0008-5394-5100
https://orcid.org/0000-0003-3833-2900
https://orcid.org/0000-0002-5991-622X
https://orcid.org/0000-0001-9275-4739
https://orcid.org/0000-0002-7366-1307
https://orcid.org/0009-0004-9425-2678
https://orcid.org/0009-0002-8040-2546
https://orcid.org/0000-0002-4413-6247
https://orcid.org/0000-0002-9909-2851
https://orcid.org/0009-0000-1981-0044
https://orcid.org/0000-0002-1219-3247
https://orcid.org/0000-0002-3653-2899
https://orcid.org/0000-0001-5922-9561
https://orcid.org/0000-0003-4451-214X
https://orcid.org/0000-0002-9376-1487
https://orcid.org/0000-0002-7684-0415
https://orcid.org/0000-0002-8374-3947
https://orcid.org/0000-0002-0290-3022
https://orcid.org/0000-0003-3416-0056
https://orcid.org/0000-0002-8124-8969
https://orcid.org/0000-0002-2275-0473
https://orcid.org/0000-0001-8412-8308
https://orcid.org/0009-0004-1205-5700
https://orcid.org/0000-0003-4143-9127
https://orcid.org/0000-0002-1746-4683
https://orcid.org/0000-0001-5534-7149
https://orcid.org/0000-0003-1144-3678
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/0000-0003-4144-863X
https://orcid.org/0000-0003-1903-3251
https://orcid.org/0000-0002-7189-8343
https://orcid.org/0000-0003-1544-4053
https://orcid.org/0000-0001-7846-1913
https://orcid.org/0000-0003-1762-4699
https://orcid.org/0000-0002-7109-5583
https://orcid.org/0000-0002-7764-5777
https://orcid.org/0009-0004-1020-7299
https://orcid.org/0000-0001-9871-9002
https://orcid.org/0000-0002-6088-0412
https://orcid.org/0000-0002-7082-8108
https://orcid.org/0000-0003-2631-1790
https://orcid.org/0000-0002-1190-2961
https://orcid.org/0000-0002-1118-6344
https://orcid.org/0000-0003-4352-734X
https://orcid.org/0000-0002-2209-6969
https://orcid.org/0000-0001-6850-7666
https://orcid.org/0000-0003-2184-7510
https://orcid.org/0000-0003-3579-9951
https://orcid.org/0000-0001-8424-7075
https://orcid.org/0000-0003-1684-6628
https://orcid.org/0000-0002-6271-5808
https://orcid.org/0000-0003-1773-2999
https://orcid.org/0000-0003-0486-9291
https://orcid.org/0000-0002-1076-814X
https://orcid.org/0000-0002-2572-4692
https://orcid.org/0000-0002-4564-8009
https://orcid.org/0000-0001-6373-2346
https://orcid.org/0000-0002-7310-5079
https://orcid.org/0009-0009-0912-0678
https://orcid.org/0000-0003-4486-0064
https://orcid.org/0000-0002-0813-4578
https://orcid.org/0000-0001-7518-3022
https://orcid.org/0000-0001-7994-0537
https://orcid.org/0000-0001-9556-2433
https://orcid.org/0000-0001-6087-2052
https://orcid.org/0000-0001-6520-0028
https://orcid.org/0000-0003-0567-3493
https://orcid.org/0000-0001-6019-6218
https://orcid.org/0000-0003-4864-3411
https://orcid.org/0000-0002-4114-1091
https://orcid.org/0000-0003-1804-9470
https://orcid.org/0000-0001-6836-0748
https://orcid.org/0000-0002-8152-9605
https://orcid.org/0000-0002-6131-819X
https://orcid.org/0000-0002-6462-8142
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/0009-0004-1681-3919
https://orcid.org/0000-0002-3876-7069
https://orcid.org/0000-0003-0690-8100
https://orcid.org/0000-0003-2948-5155
https://orcid.org/0000-0001-7010-8066
https://orcid.org/0009-0003-2433-8065
https://orcid.org/0000-0002-5584-2614
https://orcid.org/0000-0002-2673-1982
https://orcid.org/0000-0002-0706-0247
https://orcid.org/0000-0002-6542-9954
https://orcid.org/0000-0001-6975-1724
https://orcid.org/0000-0002-5930-6237
https://orcid.org/0000-0001-9772-9989
https://orcid.org/0000-0002-1897-8272
https://orcid.org/0000-0003-1788-2866
https://orcid.org/0000-0001-7802-4617
https://orcid.org/0000-0003-1839-8152
https://orcid.org/0000-0002-4310-3638
https://orcid.org/0009-0001-2822-6939
https://orcid.org/0000-0002-4902-966X
https://orcid.org/0000-0002-4199-4369
https://orcid.org/0000-0003-3904-2956
https://orcid.org/0000-0002-9184-2830
https://orcid.org/0000-0003-1771-9161
https://orcid.org/0000-0002-3787-687X
https://orcid.org/0000-0001-8274-8124
https://orcid.org/0009-0002-5899-0353
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/0000-0002-7006-6107
https://orcid.org/0000-0003-3862-4380
https://orcid.org/0000-0002-8478-5639
https://orcid.org/0000-0002-0622-6065
https://orcid.org/0000-0002-1456-1496
https://orcid.org/0000-0001-8805-4895
https://orcid.org/0000-0002-5978-0289
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/0009-0003-2245-1603
https://orcid.org/0000-0002-3453-142X
https://orcid.org/0000-0003-2430-8707
https://orcid.org/0000-0002-8954-0585
https://orcid.org/0009-0000-2819-5020
https://orcid.org/0000-0003-4198-2517
https://orcid.org/0000-0001-8225-3973
https://orcid.org/0000-0002-8255-3746
https://orcid.org/0000-0003-3469-9377
https://orcid.org/0009-0004-5075-8247
https://orcid.org/0000-0001-9128-6240
https://orcid.org/0000-0002-5887-1883
https://orcid.org/0000-0003-2321-0599
https://orcid.org/0000-0001-6567-3036
https://orcid.org/0000-0003-0517-9129
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/0000-0003-3174-403X
https://orcid.org/0000-0002-7448-4816
https://orcid.org/0000-0003-1017-1295
https://orcid.org/0000-0002-1916-3884
https://orcid.org/0000-0003-4220-8056
https://orcid.org/0000-0002-1606-5349
https://orcid.org/0000-0003-3354-2300
https://orcid.org/0000-0003-1782-2978
https://orcid.org/0000-0003-0983-4936
https://orcid.org/0000-0002-9105-1625
https://orcid.org/0000-0002-0979-8341
https://orcid.org/0000-0002-2298-7315
https://orcid.org/0000-0001-6917-6694
https://orcid.org/0000-0002-5241-6628
https://orcid.org/0000-0003-0959-4784
https://orcid.org/0000-0002-4245-7442
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/0000-0001-8840-3346
https://orcid.org/0000-0002-1479-9349
https://orcid.org/0000-0002-3656-2326
https://orcid.org/0009-0005-0799-1630
https://orcid.org/0000-0002-4001-9748
https://orcid.org/0000-0003-4957-805X
https://orcid.org/0000-0002-9270-7403
https://orcid.org/0000-0002-5065-8762
https://orcid.org/0000-0002-0907-5565
https://orcid.org/0000-0002-6413-4687
https://orcid.org/0000-0001-5968-6359
https://orcid.org/0009-0007-1127-5818
https://orcid.org/0000-0003-1644-8523
https://crossmark.crossref.org/dialog/?doi=10.1103/8x1h-39dp&domain=pdf&date_stamp=2025-07-21


We measure the time-integrated CP asymmetry in D0 → K0
SK

0
S decays reconstructed in eþe− → cc̄

events collected by the Belle and Belle II experiments. The corresponding data samples have integrated
luminosities of 980 and 428 fb−1, respectively. To infer the flavor of the D0 meson, we exploit the
correlation between the flavor of the reconstructed decay and the electric charges of particles reconstructed
in the rest of the eþe− → cc̄ event. This results in a sample which is independent from any other previously
used at Belle or Belle II. The result, ACPðD0 → K0

SK
0
SÞ ¼ ð1.3� 2.0� 0.2Þ%, where the first uncertainty

is statistical and the second systematic, is consistent with previous determinations and with CP symmetry.

DOI: 10.1103/8x1h-39dp

I. INTRODUCTION

Decays of charm hadrons offer a unique avenue for
exploring flavor and charge-parity (CP) violation in the
sector of up-type quarks, which is complementary to the
searches performed with strange and beauty hadrons.
The dynamics of charm decays is complicated by the
presence of nonperturbative QCD effects that are difficult
to calculate, making it a test case for both the electroweak
and strong interactions. After being first observed in
2019 [1], CP violation in charm decays has gained renewed
attention. The nature of the observed CP violation has yet
to be fully understood, and could be due to enhanced
nonperturbative QCD effects or to physics beyond the
standard model [2–13]. Flavor and isospin symmetries can
be used to relate measurements from different decay
modes, helping to constrain nonperturbative QCD effects
and identify possible new physics contributions [5,14,15].
Hence, searches in additional channels and improved
measurements of CP asymmetries in already explored
decay modes are important.
In this paper, we report a measurement of the time-

integrated CP asymmetry in D0 → K0
SK

0
S decays using a

combination of Belle and Belle II data, which have
integrated luminosities of 980 and 428 fb−1, respectively
[16,17]. The time-integrated CP asymmetry is defined as

ACPðD0 → K0
SK

0
SÞ ¼

ΓðD0 → K0
SK

0
SÞ − ΓðD̄0 → K0

SK
0
SÞ

ΓðD0 → K0
SK

0
SÞ þ ΓðD̄0 → K0

SK
0
SÞ
;

ð1Þ

where Γ indicates the decay rate integrated over decay time,
which includes effects due to D0-D̄0 mixing. Experimental
measurements of ACPðD0 → K0

SK
0
SÞ [18–22] are consistent

with CP symmetry within about 1%, putting them at the
upper limit of that predicted by the standard model

and in the range where new-physics contributions might be
seen [15,23–26].
An important part in the measurement of

ACPðD0 → K0
SK

0
SÞ is the ability to determine the production

flavor of the neutral D meson, which is referred to as
“tagging.”All measurements performed so far use neutralD
decays originating from the strong-interaction decay
D�þ → D0πþ, where the charge of the accompanying pion
can be used for tagging. (Charge-conjugate modes are
implied throughout the paper, unless stated otherwise.) In
this measurement, instead, we use the charm flavor tagger
(CFT) described in Ref. [27]. The CFT identifies the flavor
of a reconstructed neutral D meson by exploiting correla-
tions with the electric charges of particles reconstructed in
the rest of the eþe− → cc̄ event. These include those
originating from the decay of the other charm hadron
produced in the event, as well as those possibly produced
in association with the reconstructed D meson, such as in
D�þ → D0πþ decays. To avoid correlations with the
recently published D�þ-tagged measurement of Ref. [22],
we use an independent dataset where all the candidates
previously used are removed. As a consequence, the CFT in
this measurement acts as an “opposite-side” tagger using
information from the other charm hadron in the event. The
CFT is calibrated on large data samples of D0 → K−πþ

decays, following the procedure described in Ref. [27]. The
time-integrated CP asymmetry is then determined from an
unbinned maximum-likelihood fit to the two-dimensional
distribution of theK0

SK
0
S mass and the CFToutput. To avoid

potential bias, an arbitrary and undisclosed offset was added
to the measured value of ACPðD0 → K0

SK
0
SÞ when fitting to

the data. The offset remained undisclosed until the entire
analysis procedure was completed and the determination of
all uncertainties was finalized.
The paper is organized as follows. Sec. II provides an

overview of the Belle and Belle II detectors. Sec. III details
the simulation samples used in the measurement. The
reconstruction and selection of the signal D0 → K0

SK
0
S

decays is presented in Sec. IV. Determination of the
asymmetry is covered in Sec. V, followed by a discussion
of the systematic uncertainties affecting the measurement in
Sec. VI. The final results, and a combination with the D�þ-
tagged measurement of Ref. [22], are presented in Sec. VII.
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II. BELLE AND BELLE II DETECTORS

The Belle experiment [16,28] operated at the KEKB
asymmetric-energy eþe− collider [29,30] between 1999
and 2010. The detector consisted of a large-solid-angle
spectrometer, which included a double-sided silicon-strip
vertex detector, a 50-layer central drift chamber, an array of
aerogel threshold Cherenkov counters, a barrel-like
arrangement of time-of-flight scintillation counters, and
an electromagnetic calorimeter comprised of CsI(Tl) crys-
tals. All subdetectors were located inside a superconducting
solenoid coil that provided a 1.5 T magnetic field. An iron
flux-return yoke, placed outside the coil, was instrumented
with resistive-plate chambers to detect K0

L mesons and
identify muons. Two inner detector configurations were
used: a 2.0 cm radius beam pipe and a three-layer silicon
vertex detector; and, from October 2003, a 1.5 cm radius
beam pipe, a four-layer silicon vertex detector, and a small-
inner-cell drift chamber [31].
The Belle II detector [32,33] is an upgrade with several

new subdetectors designed to handle the significantly larger
beam-related backgrounds of the new SuperKEKB eþe−
collider [34]. It consists of a silicon vertex detector wrapped
around a 1 cm radius beam pipe and comprising two inner
layers of pixel detectors and four outer layers of double-
sided strip detectors, a 56-layer central drift chamber, a
time-of-propagation detector, an aerogel ring-imaging
Cherenkov detector, and an electromagnetic calorimeter,
all located inside the same solenoid as used for Belle. A
flux return outside the solenoid is instrumented with
resistive-plate chambers, plastic scintillator modules, and
an upgraded read-out system to detect muons and K0

L
mesons. For the data used in this paper, collected between
2019 and 2022, only part of the second layer of the pixel
detector, covering 15% of the azimuthal angle, was
installed.
For both experiments, the z axis of the laboratory frame

is defined as the central axis of the solenoid, with its
positive direction determined by the direction of the
electron beam.

III. SIMULATION

We use simulated event samples to identify sources of
background, optimize selection criteria, and validate the
analysis procedure. We generate eþe− → ϒðnSÞ (n ¼ 4, 5)
events and simulate particle decays with EvtGen [35]; we
generate continuum eþe− → qq̄ (where q is a u, d, c, or s
quark) with Pythia6 [36] for Belle, and with KKMC [37] and
Pythia8 [38] for Belle II; we simulate final-state radiation
with Photos [39,40]; we simulate detector response using
Geant3 [41] for Belle and Geant4 [42] for Belle II. Beam
backgrounds are taken into account by overlaying random
trigger data.

IV. RECONSTRUCTION AND EVENT SELECTION

We use the Belle II analysis software framework (basf2)
to reconstruct both Belle and Belle II data [43,44]. The
Belle data are converted to the Belle II format for basf2
compatibility using the B2BII framework [45].
Events are selected by a trigger based on either the total

energy deposited in the electromagnetic calorimeter or the
number of charged-particle tracks reconstructed in the
central drift chamber. The efficiency of the trigger is found
to be close to 100% for signal decays.
Candidate K0

S → πþπ− decays are reconstructed from
combinations of oppositely charged particles that are con-
strained to originate from a common vertex. These particles
are assumed to be pions and the resulting dipion mass is
required to be in the ½0.45; 0.55� GeV=c2 range. Pairs ofK0

S
candidates are combined to form candidate D0 → K0

SK
0
S

decays. We perform a kinematic fit [46] to the D0

candidates by constraining their momentum directions to
point back to the measured position of the beam interaction
point, and constraining the masses of the twoK0

S candidates
to the nominal K0

S mass [47]. Only candidates whose
kinematic fits converge are retained for further analysis.
The mass of the D0 candidate, mðK0

SK
0
SÞ, is required to be

in the range ½1.84; 2.00� GeV=c2 to exclude partially
reconstructed Dþ

s → K0
SK

0
Sπ

þ decays, which peak at lower
mass values. The D0 momentum in the eþe− center-of-
mass system is required to be greater than 2.2 GeV=c to
suppress candidates in which the D0 meson arises from the
decay of a Bmeson, as the CFT is trained and calibrated for
eþe− → cc̄ events. Candidates that are also reconstructed
in the D�þ-tagged analysis of Ref. [22] are removed.
To suppress D0 → K0

Sπ
þπ− decays, we use the large

distance (L) between theK0
S andD

0 decay vertices resulting
from the long K0

S lifetime. We introduce the variable
SminðK0

SÞ ¼ log ½min ðL1=σL1
; L2=σL2

Þ�, where L1ð2Þ and
σL1ð2Þ are the distance and its uncertainty for the first (second)

K0
S candidate, respectively [22]. Candidates satisfying

min ðL1=σL1
; L2=σL2

Þ ≤ 0 are removed. We require
SminðK0

SÞ to be larger than 1.75 and 2.05 for the Belle
and Belle II samples, respectively.
Combinatorial background from two unrelated K0

S can-
didates is suppressed using the output of a boosted decision
tree (BDT) trained to discriminate such background from
signal decays [48,49]. The BDT is trained using simulated
D0 → K0

SK
0
S decays as signal, and data candidates pop-

ulating the mðK0
SK

0
SÞ sideband ½1.90; 2.00� GeV=c2 as

background. The input variables to the BDT are selected
to effectively separate the signal from the background,
while minimizing any correlations with mðK0

SK
0
SÞ and

SminðK0
SÞ. The input variables are the logarithm of the

minimum of the transverse impact parameters of the four
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final-state pions, the logarithm of the minimum of the
longitudinal impact parameters of the four final-state pions,
the maximum of the momenta of the final-state pions of the
K0

S candidate with lower momentum, the minimum of the
momenta of the final-state pions of the K0

S candidate with
lower momentum, the absolute value of the polar angle
difference between the final-state pions of the K0

S candidate
with lower momentum, the invariant masses of the two K0

S
candidates, the scalar sum of the momenta of the two K0

S
candidates, the absolute value of the asymmetry between
the momenta of the two K0

S candidates, the flight-distance
of the D0 candidate divided by its uncertainty, and the
logarithm of the χ2 probability of the vertex fit of the D0

candidate. The BDT output distributions for the training
samples of signal and background candidates are shown in
Fig. 1. The background distribution shows a two-peak
structure, arising from candidates formed with either
correctly reconstructed K0

S candidates or random pion

combinations. Due to the additional pixel detector layers
and the improved reconstruction performance, the Belle II
sample has a better signal-to-background separation as
compared to Belle. We require the BDT output to exceed
0.037 and 0.075 for Belle and Belle II, respectively.
The requirements on SminðK0

SÞ and on the BDT output
are optimized simultaneously by maximizing the quantity
S=

ffiffiffiffiffiffiffiffiffiffiffiffi

Sþ B
p

, where S and B are simulated signal and
background yields in a 3σmðK0

SK
0
SÞ range around the

signal peak (i.e., the signal region shown in Fig. 3), while
keeping the residual D0 → K0

Sπ
þπ− background below 3%

of theD0 → K0
SK

0
S yield. The 3% threshold ensures that the

measured asymmetry cannot be biased by more than about
one tenth of the expected statistical uncertainty, as dis-
cussed in Sec. VI. The optimization is done separately for
the Belle and Belle II samples. The optimized requirements
have signal efficiencies of 55% in Belle and 58% in Belle
II, and background rejections of 87% for Belle and 94% for
Belle II.
We use the CFT to predict the flavor q of the selected

candidates (q ¼ þ1 for D0, q ¼ −1 for D̄0). The tagger
also outputs an associated dilution factor r, which is related
to the per-candidate mistag probability ω by r ¼ 1–2ω. We
remove untagged candidates, i.e., candidates for which the
CFT does not produce any flavor prediction (qr ¼ 0),
which amount to 0.2% and 0.6% of the total in Belle and
Belle II, respectively. We accept all candidates in events
where multiple D0 candidates are reconstructed, which
amount to 1% and 0.3% of the total in Belle and Belle II,
respectively.

V. DETERMINATION OF THE CP ASYMMETRY

The CP asymmetry is determined using an unbinned
maximum-likelihood fit to themðK0

SK
0
SÞ and r distributions

of the two flavors q ¼ �1. The mðK0
SK

0
SÞ distribution

discriminates the D0 → K0
SK

0
S signal component from a

smooth combinatorial background. The qr distribution
determines the asymmetry between D0 and D̄0 candidates.
The two-dimensional probability density functions (PDFs)
of each component can be factorized into the product of
one-dimensional PDFs. The signal mðK0

SK
0
SÞ PDF, PsðmÞ,

is modeled using the sum of two Gaussian distributions.
The background PDF, PbðmÞ, is modeled with an expo-
nential distribution. We model the distributions of r,
Ps;bðrÞ, using histogram templates extracted directly from
the data. For background, we use candidates populating the
mðK0

SK
0
SÞ sideband ½1.91; 2.00� GeV=c2; for signal, we

subtract the background distribution from that of the
candidates in the mðK0

SK
0
SÞ signal region. Simulation

shows that the sideband data describe well the r distribution
of the background candidates in the signal region.
The symbolic expression of the PDF of a single

candidate is

FIG. 1. Distributions of the BDToutput for the training samples
of (green) signal and (red) background candidates in (top) Belle
and (bottom) Belle II.
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Pðm; q; rjACP; Ab;…Þ ¼ fbð1þ qrAbÞPbðmj…ÞPbðrÞ þ ð1 − fbÞ½1þ qdðrj…ÞACP þ qΔdðrj…Þ�Psðmj…ÞPsðrÞ; ð2Þ

where fb is the fraction of background candidates, Ab is the observed background asymmetry, d and Δd are third-order
polynomials used to calibrate the per-candidate dilution, and the ellipses (…) indicates other fit parameters omitted here for
brevity. All parameters are floated in the fit together with the signal asymmetry ACP.
The true dilution, rtrue, is expressed as a function of the predicted flavor q and per-candidate dilution r using

rtrueðq; rjp1; p2; p3;Δp1
;Δp2

;Δp3
Þ ¼ dðrjp1; p2; p3Þ þ qΔdðrjΔp1

;Δp2
;Δp3

Þ; ð3Þ

where the coefficients of the polynomials (p1;…;Δp1
;…)

are determined by comparing predicted and true dilutions in
high-yield data samples of D0 → K−πþ decays, where the
neutralD flavor is inferred from the charge of the final-state
kaon [27] (Fig. 2). The tagging power (or effective tagging
efficiency), computed from the calibrated per-candidate

dilution, is ð23.52� 0.01Þ% in Belle and ð32.71� 0.05Þ%
in Belle II. The tagging power is lower than reported in
Ref. [27] due to the removal of the same-side D�þ-tagged
candidates. To account for the uncertainties in the calibra-
tion parameters, a term constructed from their covariance
matrix is included in the likelihood, such that the param-
eters are Gaussian constrained to their measured values.
Thus, the systematic uncertainty associated with the knowl-
edge of the calibration parameters is already taken into
account in the statistical uncertainty returned by the fit.
Fits to the simulation and to pseudoexperiments gen-

erated by sampling from the PDF show no evidence of a
bias in the determinations of the signal yield and asym-
metry, or in their uncertainties.
We perform independent fits to Belle and Belle II data.

The fit model describes the data well, as shown in Fig. 3.
The measured signal yields are 14490� 340 in Belle, and
5180� 120 in Belle II. The asymmetry is measured to be
ð2.5� 2.7Þ% in Belle, and ð−0.1� 3.0Þ% in Belle II. The
uncertainties are statistical only. The two results are in
agreement.

VI. SYSTEMATIC UNCERTAINTIES

We consider the following sources of systematic uncer-
tainties: fit modeling, residual contamination from D0 →
K0

Sπ
þπ− decays, and effects due to the forward-backward

asymmetry in eþe− → cc̄ production.
We estimate the first using pseudoexperiments generated

with the default fit model, and fitted with alternative models
derived from data where one of the fit shapes is changed.
As alternative models for the mass shapes we use a Johnson
SU distribution [50] for signal and a second-order poly-
nomial for background. For the r distributions, we fill
alternative histogram templates by varying the definition of
the mass sideband. The alternative models give an equally
good description of the data as the default models. The
observed average differences between measured and gen-
erated asymmetries, 0.35% for Belle and 0.10% for Belle
II, are assigned as systematic uncertainties.
The residual D0 → K0

Sπ
þπ− background, which is indis-

tinguishable from the signal in mðK0
SK

0
SÞ, is neglected in

the fit and counted as part of the signal component. This
introduces a bias on the measured asymmetry, which can be
estimated as the product of the contamination fraction and

FIG. 2. True dilution as a function of the predicted dilution for
D0 → K−πþ and D̄0 → Kþπ− decays in (top) Belle and (bottom)
Belle II data with projections of the calibration fit overlaid. The
bisector of the plane (red dotted line) represents the expected
relation for perfectly calibrated predicted dilution.
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the difference between the CP asymmetries in D0 →
K0

Sπ
þπ− and D0 → K0

SK
0
S decays. The contamination

fraction is estimated in simulation to be 2.5% for Belle,
and 2.3% for Belle II. Given that ACPðD0 → K0

Sπ
þπ−Þ −

ACPðD0 → K0
SK

0
SÞ < 10% [47], the bias can be conserva-

tively bounded to be smaller than 0.25% for Belle, and
0.23% for Belle II. These values are assigned as systematic
uncertainties due to neglecting D0 → K0

Sπ
þπ− contamina-

tion, and are conservative enough to also cover possible
detection asymmetries in the D0 → K0

Sπ
þπ− decay.

In eþe− → cc̄ events, charmed hadrons are produced
with a forward-backward asymmetry due to γ-Z0 interfer-
ence and higher order effects [51–53]. The forward-back-
ward asymmetry is an odd function of the cosine of
the polar angle in the center of mass system, cos θ�.
Since the acceptances of the Belle and Belle II detectors
are not the same for cos θ� > 0 and cos θ� < 0, a charge
asymmetry in the production of a given species of charmed

hadrons remains. In our measurement, however, we effec-
tively count pairs of charmed hadrons: the signal D0 →
K0

SK
0
S and the other (oppositely flavored) charmed hadron

of the event, which provides the tagging information. As a
result, we expect a negligible effect from the forward-
backward asymmetry. To verify this, we weight the
reconstructed candidates so that the j cos θ�j distribution
of the signal is the same for candidates with cos θ� > 0 and
cos θ� < 0 and redetermine the values of ACP. As expected,
we find variations in ACP consistent with zero and do not
assign any systematic uncertainty due to the forward-
backward asymmetry.
Finally, as a cross-check we fit to subsamples of the data

defined according to data-taking conditions and find no
significant variation of the measured asymmetry.
The total systematic uncertainties, 0.43% for Belle and

0.25% for Belle II, are evaluated as the sums in quadrature
of the components due to the fit modeling and the
D0 → K0

Sπ
þπ− contamination.
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FIG. 3. Distributions of (left) mðK0
SK

0
SÞ and (right) qr for D0 → K0

SK
0
S candidates in (top) Belle and (bottom) Belle II data, with fit

projections overlaid. The qr distributions are only for candidates in the mðK0
SK

0
SÞ signal regions indicated by the vertical lines.
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VII. FINAL RESULTS AND CONCLUSIONS

We measure the time-integrated CP asymmetry in
D0 → K0

SK
0
S decays using a charm-flavor tagging algo-

rithm that exploits the correlation between the flavor of the
reconstructed neutral D meson and the electric charges of
particles reconstructed in the rest of the eþe− → cc̄ event.
Using 980 fb−1 of data collected by Belle and 428 fb−1 of
data collected by Belle II, we obtain

ACPðD0 → K0
SK

0
SÞ ¼ ð2.5� 2.7� 0.4Þ% ð4Þ

and

ACPðD0 → K0
SK

0
SÞ ¼ ð−0.1� 3.0� 0.3Þ%; ð5Þ

respectively. The first uncertainties are statistical and the
second systematic. The two results are in agreement and
combined, using the best linear unbiased estimator [54],
into

ACPðD0 → K0
SK

0
SÞ ¼ ð1.3� 2.0� 0.2Þ%: ð6Þ

In the combination, the systematic uncertainties due to the
fit modeling are considered uncorrelated, while those due
to the D0 → K0

Sπ
þπ− contamination are considered fully

correlated.
The results are also consistent with previous Belle and

Belle II determinations based on the independent sample of
D�þ-tagged D0 → K0

SK
0
S decays [22]. A combination of

the result of this paper with that of Ref. [22],
ð−1.4� 1.3� 0.1Þ%, yields

ACPðD0 → K0
SK

0
SÞ ¼ ð−0.6� 1.1� 0.1Þ%: ð7Þ

This is the most precise determination of
ACPðD0 → K0

SK
0
SÞ to date. It agrees with CP symmetry

and with results from other experiments [18–21].
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