
EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH (CERN)

CERN-EP-2022-285
LHCb-PAPER-2022-037

June 30, 2023

Supplementary material: A study of
CP violation in the decays
B± → [K+K−π+π−]Dh±

(h = K,π) and
B± → [π+π−π+π−]Dh±

LHCb collaboration†

Published in Eur. Phys. J. C83 547 (2023)

© 2023 CERN for the benefit of the LHCb collaboration. CC BY 4.0 licence.

†Authors are listed at the end of this paper.

https://creativecommons.org/licenses/by/4.0/


ii



1 Supplementary material for LHCb-PAPER-2022-

037

The invariant-mass fit of B± → [K+K−π+π−]Dh
± is shown in Fig. 1 on a logarithmic

scale, where the individual background components can be seen more clearly.
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Figure 1: Invariant-mass distributions on a logarithmic scale for the (left) B± → DK± and
(right) B± → Dπ± selections, for the D → K+K−π+π− decay. The data are shown as black
points and the blue curve is the fit result. The square brackets in the legend denote particles
that are not reconstructed. The range on the vertical axis has been chosen to allow for the
different contributions in the low mass background to be clearly visualised.

1



LHCb collaboration

R. Aaij32 , A.S.W. Abdelmotteleb50 , C. Abellan Beteta44, F. Abudinén50 ,
T. Ackernley54 , B. Adeva40 , M. Adinolfi48 , P. Adlarson77 , H. Afsharnia9,
C. Agapopoulou13 , C.A. Aidala78 , Z. Ajaltouni9, S. Akar59 , K. Akiba32 ,
P. Albicocco23 , J. Albrecht15 , F. Alessio42 , M. Alexander53 , A. Alfonso Albero39 ,
Z. Aliouche56 , P. Alvarez Cartelle49 , R. Amalric13 , S. Amato2 , J.L. Amey48 ,
Y. Amhis11,42 , L. An42 , L. Anderlini22 , M. Andersson44 , A. Andreianov38 ,
M. Andreotti21 , D. Andreou62 , D. Ao6 , F. Archilli31,t , A. Artamonov38 ,
M. Artuso62 , E. Aslanides10 , M. Atzeni44 , B. Audurier12 , I.B Bachiller Perea8 ,
S. Bachmann17 , M. Bachmayer43 , J.J. Back50 , A. Bailly-reyre13,
P. Baladron Rodriguez40 , V. Balagura12 , W. Baldini21,42 , J. Baptista de Souza Leite1 ,
M. Barbetti22,j , R.J. Barlow56 , S. Barsuk11 , W. Barter52 , M. Bartolini49 ,
F. Baryshnikov38 , J.M. Basels14 , G. Bassi29,q , V. Batozskaya36 , B. Batsukh4 ,
A. Battig15 , A. Bay43 , A. Beck50 , M. Becker15 , F. Bedeschi29 , I.B. Bediaga1 ,
A. Beiter62, S. Belin40 , V. Bellee44 , K. Belous38 , I. Belov38 , I. Belyaev38 ,
G. Benane10 , G. Bencivenni23 , E. Ben-Haim13 , A. Berezhnoy38 , R. Bernet44 ,
S. Bernet Andres76 , D. Berninghoff17, H.C. Bernstein62, C. Bertella56 , A. Bertolin28 ,
C. Betancourt44 , F. Betti42 , Ia. Bezshyiko44 , S. Bhasin48 , J. Bhom35 , L. Bian68 ,
M.S. Bieker15 , N.V. Biesuz21 , P. Billoir13 , A. Biolchini32 , M. Birch55 ,
F.C.R. Bishop49 , A. Bitadze56 , A. Bizzeti , M.P. Blago49 , T. Blake50 , F. Blanc43 ,
J.E. Blank15 , S. Blusk62 , D. Bobulska53 , J.A. Boelhauve15 , O. Boente Garcia12 ,
T. Boettcher59 , A. Boldyrev38 , C.S. Bolognani74 , R. Bolzonella21,i , N. Bondar38,42 ,
F. Borgato28 , S. Borghi56 , M. Borsato17 , J.T. Borsuk35 , S.A. Bouchiba43 ,
T.J.V. Bowcock54 , A. Boyer42 , C. Bozzi21 , M.J. Bradley55, S. Braun60 ,
A. Brea Rodriguez40 , J. Brodzicka35 , A. Brossa Gonzalo40 , J. Brown54 ,
D. Brundu27 , A. Buonaura44 , L. Buonincontri28 , A.T. Burke56 , C. Burr42 ,
A. Bursche66, A. Butkevich38 , J.S. Butter32 , J. Buytaert42 , W. Byczynski42 ,
S. Cadeddu27 , H. Cai68, R. Calabrese21,i , L. Calefice15 , S. Cali23 , M. Calvi26,m ,
M. Calvo Gomez76 , P. Campana23 , D.H. Campora Perez74 ,
A.F. Campoverde Quezada6 , S. Capelli26,m , L. Capriotti20 , A. Carbone20,g ,
R. Cardinale24,k , A. Cardini27 , P. Carniti26,m , L. Carus14, A. Casais Vidal40 ,
R. Caspary17 , G. Casse54 , M. Cattaneo42 , G. Cavallero55,42 , V. Cavallini21,i ,
S. Celani43 , J. Cerasoli10 , D. Cervenkov57 , A.J. Chadwick54 , I.C Chahrour78 ,
M.G. Chapman48, M. Charles13 , Ph. Charpentier42 , C.A. Chavez Barajas54 ,
M. Chefdeville8 , C. Chen10 , S. Chen4 , A. Chernov35 , S. Chernyshenko46 ,
V. Chobanova40 , S. Cholak43 , M. Chrzaszcz35 , A. Chubykin38 , V. Chulikov38 ,
P. Ciambrone23 , M.F. Cicala50 , X. Cid Vidal40 , G. Ciezarek42 , P. Cifra42 ,
G. Ciulloi,21 , P.E.L. Clarke52 , M. Clemencic42 , H.V. Cliff49 , J. Closier42 ,
J.L. Cobbledick56 , V. Coco42 , J.A.B. Coelho11 , J. Cogan10 , E. Cogneras9 ,
L. Cojocariu37 , P. Collins42 , T. Colombo42 , L. Congedo19 , A. Contu27 ,
N. Cooke47 , I. Corredoira 40 , G. Corti42 , B. Couturier42 , D.C. Craik44 ,
M. Cruz Torres1,e , R. Currie52 , C.L. Da Silva61 , S. Dadabaev38 , L. Dai65 ,
X. Dai5 , E. Dall’Occo15 , J. Dalseno40 , C. D’Ambrosio42 , J. Daniel9 ,
A. Danilina38 , P. d’Argent19 , J.E. Davies56 , A. Davis56 , O. De Aguiar Francisco56 ,
J. de Boer42 , K. De Bruyn73 , S. De Capua56 , M. De Cian43 ,
U. De Freitas Carneiro Da Graca1 , E. De Lucia23 , J.M. De Miranda1 , L. De Paula2 ,
M. De Serio19,f , D. De Simone44 , P. De Simone23 , F. De Vellis15 , J.A. de Vries74 ,
C.T. Dean61 , F. Debernardis19,f , D. Decamp8 , V. Dedu10 , L. Del Buono13 ,
B. Delaney58 , H.-P. Dembinski15 , V. Denysenko44 , O. Deschamps9 , F. Dettori27,h ,

2

https://orcid.org/0000-0003-0533-1952
https://orcid.org/0000-0001-7905-0542
https://orcid.org/0000-0002-6737-3528
https://orcid.org/0000-0002-5951-3498
https://orcid.org/0000-0001-9756-3712
https://orcid.org/0000-0002-1326-1264
https://orcid.org/0000-0001-6280-3851
https://orcid.org/0000-0002-2368-0147
https://orcid.org/0000-0001-9540-4988
https://orcid.org/0000-0003-0288-9694
https://orcid.org/0000-0002-6736-471X
https://orcid.org/0000-0001-6430-1038
https://orcid.org/0000-0001-8636-1621
https://orcid.org/0000-0001-5317-1098
https://orcid.org/0000-0002-8148-2392
https://orcid.org/0000-0001-6025-0675
https://orcid.org/0000-0003-0897-4160
https://orcid.org/0000-0003-1652-2834
https://orcid.org/0000-0003-4595-2729
https://orcid.org/0000-0002-3277-0662
https://orcid.org/0000-0002-2597-3808
https://orcid.org/0000-0003-4282-1512
https://orcid.org/0000-0002-3274-5627
https://orcid.org/0000-0001-6808-2418
https://orcid.org/0000-0003-3594-9163
https://orcid.org/0000-0002-6273-0506
https://orcid.org/0000-0003-2918-1311
https://orcid.org/0000-0001-6288-0558
https://orcid.org/0000-0003-1647-4238
https://orcid.org/0000-0002-1779-6813
https://orcid.org/0000-0002-2785-2233
https://orcid.org/0000-0002-5991-7273
https://orcid.org/0000-0003-3286-683X
https://orcid.org/0000-0002-3208-3336
https://orcid.org/0000-0001-9090-4254
https://orcid.org/0000-0002-3721-4876
https://orcid.org/0000-0002-1186-3894
https://orcid.org/0000-0001-5996-2747
https://orcid.org/0000-0001-7791-4490
https://orcid.org/0000-0003-4240-2094
https://orcid.org/0000-0002-1611-7188
https://orcid.org/0000-0001-7658-8777
https://orcid.org/0000-0002-4442-5372
https://orcid.org/0000-0002-6704-6914
https://orcid.org/0000-0002-8295-8612
https://orcid.org/0000-0002-0898-6551
https://orcid.org/0000-0002-9264-4799
https://orcid.org/0000-0002-8479-5802
https://orcid.org/0000-0002-6418-6428
https://orcid.org/0000-0001-5860-8770
https://orcid.org/0000-0002-2145-3805
https://orcid.org/0000-0003-1089-9200
https://orcid.org/0000-0003-1020-2549
https://orcid.org/0009-0001-6252-960X
https://orcid.org/0000-0002-4862-9399
https://orcid.org/0000-0003-4872-1213
https://orcid.org/0000-0002-7972-8760
https://orcid.org/0000-0002-8315-2119
https://orcid.org/0000-0001-7806-5283
https://orcid.org/0000-0001-7154-1304
https://orcid.org/0000-0001-5314-0953
https://orcid.org/0000-0003-0014-2589
https://orcid.org/0000-0003-1699-9202
https://orcid.org/0000-0002-7458-7030
https://orcid.org/0000-0002-8176-8315
https://orcid.org/0000-0002-5107-0610
https://orcid.org/0000-0002-9510-8414
https://orcid.org/0000-0002-4431-7582
https://orcid.org/0000-0002-4856-8063
https://orcid.org/0000-0002-4515-7541
https://orcid.org/0000-0002-3160-147X
https://orcid.org/0000-0003-1393-4315
https://orcid.org/0000-0001-9886-7427
https://orcid.org/0000-0002-2395-235X
https://orcid.org/0000-0002-4315-6414
https://orcid.org/0000-0002-0146-0717
https://orcid.org/0000-0002-9709-903X
https://orcid.org/0000-0001-5209-5097
https://orcid.org/0000-0001-7113-7862
https://orcid.org/0000-0003-3004-0946
https://orcid.org/0000-0001-5433-9876
https://orcid.org/0000-0001-6064-9993
https://orcid.org/0000-0001-9157-4461
https://orcid.org/0000-0002-0023-3897
https://orcid.org/0000-0001-7979-1092
https://orcid.org/0000-0001-5729-5530
https://orcid.org/0000-0001-7542-2388
https://orcid.org/0000-0002-0259-5891
https://orcid.org/0000-0001-5775-3132
https://orcid.org/0000-0002-6546-5605
https://orcid.org/0000-0001-9170-684X
https://orcid.org/0000-0002-3003-9980
https://orcid.org/0000-0002-3543-9959
https://orcid.org/0000-0003-0261-8085
https://orcid.org/0000-0002-2439-9955
https://orcid.org/0000-0002-7872-6819
https://orcid.org/0000-0003-3752-6789
https://orcid.org/0000-0002-0055-0577
https://orcid.org/0000-0003-2714-9879
https://orcid.org/0000-0002-3149-6710
https://orcid.org/0000-0001-5135-1511
https://orcid.org/0000-0001-5760-2924
https://orcid.org/0000-0002-9065-9030
https://orcid.org/0000-0002-0044-6470
https://orcid.org/0000-0002-3505-6915
https://orcid.org/0000-0002-9909-0186
https://orcid.org/0000-0001-6782-3982
https://orcid.org/0000-0002-4489-1314
https://orcid.org/0000-0001-5650-445X
https://orcid.org/0000-0002-8556-0597
https://orcid.org/0000-0002-4442-1048
https://orcid.org/0000-0001-9846-9672
https://orcid.org/0000-0003-4457-5896
https://orcid.org/0000-0003-4907-6463
https://orcid.org/0000-0002-1480-454X
https://orcid.org/0000-0003-0243-0517
https://orcid.org/0000-0002-5155-1094
https://orcid.org/0000-0001-9542-1411
https://orcid.org/0000-0002-1816-536X
https://orcid.org/0000-0002-7958-6790
https://orcid.org/0009-0008-0187-3395
https://orcid.org/0000-0002-7763-500X
https://orcid.org/0000-0002-1354-5400
https://orcid.org/0000-0001-6401-1583
https://orcid.org/0000-0001-9056-0711
https://orcid.org/0000-0002-8797-1357
https://orcid.org/0000-0001-5588-1448
https://orcid.org/0000-0001-8233-1951
https://orcid.org/0000-0001-8998-9975
https://orcid.org/0000-0003-1968-1216
https://orcid.org/0000-0002-8444-4498
https://orcid.org/0000-0003-4899-0587
https://orcid.org/0000-0002-7045-2243
https://orcid.org/0000-0002-7835-7638
https://orcid.org/0000-0002-6649-0298
https://orcid.org/0000-0002-7820-2732
https://orcid.org/0000-0003-0469-2588
https://orcid.org/0000-0002-1449-1619
https://orcid.org/0000-0002-8516-237X
https://orcid.org/0000-0001-7707-169X
https://orcid.org/0000-0002-8342-7047
https://orcid.org/0000-0001-7601-129X
https://orcid.org/0000-0003-4715-7622
https://orcid.org/0000-0001-9777-881X
https://orcid.org/0000-0002-1865-741X
https://orcid.org/0000-0003-3537-9404
https://orcid.org/0000-0002-1472-0987
https://orcid.org/0000-0003-4795-498X
https://orcid.org/0000-0001-9295-8635
https://orcid.org/0000-0002-4602-8661
https://orcid.org/0000-0002-6553-6493
https://orcid.org/0000-0002-3400-5489
https://orcid.org/0000-0002-8647-1828
https://orcid.org/0000-0003-0232-6808
https://orcid.org/0000-0002-2546-6080
https://orcid.org/0000-0002-1353-6002
https://orcid.org/0000-0001-8091-4766
https://orcid.org/0000-0001-7901-8710
https://orcid.org/0000-0003-1061-9643
https://orcid.org/0000-0002-7767-9117
https://orcid.org/0000-0003-0253-9846
https://orcid.org/0000-0003-0678-5809
https://orcid.org/0000-0002-0468-541X
https://orcid.org/0000-0003-1002-8368
https://orcid.org/0000-0003-3068-7029
https://orcid.org/0000-0001-8297-2206
https://orcid.org/0000-0003-3746-0732
https://orcid.org/0000-0003-1710-6824
https://orcid.org/0000-0003-0531-0916
https://orcid.org/0000-0002-0228-9130
https://orcid.org/0000-0002-5146-9605
https://orcid.org/0000-0002-5310-6808
https://orcid.org/0000-0001-5615-3899
https://orcid.org/0000-0001-7194-7566
https://orcid.org/0000-0002-8933-9427
https://orcid.org/0000-0002-1281-5923
https://orcid.org/0000-0003-1437-4022
https://orcid.org/0000-0002-9617-9687
https://orcid.org/0000-0003-4536-4644
https://orcid.org/0000-0002-3545-2969
https://orcid.org/0000-0002-4179-3700
https://orcid.org/0000-0002-6089-0899
https://orcid.org/0000-0003-2857-4471
https://orcid.org/0000-0001-6749-1033
https://orcid.org/0000-0002-3684-1560
https://orcid.org/0000-0003-2607-131X
https://orcid.org/0000-0002-0166-9529
https://orcid.org/0000-0003-4106-8258
https://orcid.org/0000-0002-0093-3244
https://orcid.org/0000-0002-4070-4729
https://orcid.org/0000-0003-3395-7151
https://orcid.org/0000-0001-9313-4021
https://orcid.org/0000-0003-3288-4683
https://orcid.org/0000-0003-4344-9994
https://orcid.org/0000-0002-9022-4264
https://orcid.org/0000-0003-3121-2164
https://orcid.org/0000-0003-2380-8355
https://orcid.org/0000-0002-5382-8683
https://orcid.org/0000-0001-9458-5115
https://orcid.org/0000-0003-2735-678X
https://orcid.org/0000-0002-6084-4294
https://orcid.org/0000-0002-0615-4399
https://orcid.org/0000-0002-6285-9596
https://orcid.org/0000-0002-1268-9621
https://orcid.org/0000-0003-0451-4028
https://orcid.org/0000-0003-0793-0844
https://orcid.org/0009-0003-2505-7337
https://orcid.org/0000-0002-4984-7734
https://orcid.org/0000-0003-4915-7933
https://orcid.org/0000-0001-8180-4366
https://orcid.org/0000-0001-9392-2079
https://orcid.org/0000-0001-7596-5091
https://orcid.org/0000-0003-4712-9816
https://orcid.org/0000-0002-6002-5870
https://orcid.org/0009-0001-5383-4899
https://orcid.org/0000-0001-9643-6762
https://orcid.org/0000-0001-5672-8672
https://orcid.org/0000-0003-4774-2194
https://orcid.org/0009-0007-6371-8035
https://orcid.org/0000-0003-3337-3850
https://orcid.org/0000-0002-0455-5404
https://orcid.org/0000-0002-7047-6042
https://orcid.org/0000-0003-0256-8663


B. Dey71 , P. Di Nezza23 , I. Diachkov38 , S. Didenko38 , L. Dieste Maronas40,
S. Ding62 , V. Dobishuk46 , A. Dolmatov38, C. Dong3 , A.M. Donohoe18 , F. Dordei27 ,
A.C. dos Reis1 , L. Douglas53, A.G. Downes8 , P. Duda75 , M.W. Dudek35 ,
L. Dufour42 , V. Duk72 , P. Durante42 , M. M. Duras75 , J.M. Durham61 ,
D. Dutta56 , A. Dziurda35 , A. Dzyuba38 , S. Easo51 , U. Egede63 , V. Egorychev38 ,
C. Eirea Orro40, S. Eisenhardt52 , E. Ejopu56 , S. Ek-In43 , L. Eklund77 ,
J. Ellbracht15 , S. Ely55 , A. Ene37 , E. Epple59 , S. Escher14 , J. Eschle44 ,
S. Esen44 , T. Evans56 , F. Fabiano27,h , L.N. Falcao1 , Y. Fan6 , B. Fang11,68 ,
L. Fantini72,p , M. Faria43 , S. Farry54 , D. Fazzini26,m , L.F Felkowski75 , M. Feo42 ,
M. Fernandez Gomez40 , A.D. Fernez60 , F. Ferrari20 , L. Ferreira Lopes43 ,
F. Ferreira Rodrigues2 , S. Ferreres Sole32 , M. Ferrillo44 , M. Ferro-Luzzi42 ,
S. Filippov38 , R.A. Fini19 , M. Fiorini21,i , M. Firlej34 , K.M. Fischer57 ,
D.S. Fitzgerald78 , C. Fitzpatrick56 , T. Fiutowski34 , F. Fleuret12 , M. Fontana13 ,
F. Fontanelli24,k , R. Forty42 , D. Foulds-Holt49 , V. Franco Lima54 ,
M. Franco Sevilla60 , M. Frank42 , E. Franzoso21,i , G. Frau17 , C. Frei42 ,
D.A. Friday53 , J. Fu6 , Q. Fuehring15 , T. Fulghesu13 , E. Gabriel32 , G. Galati19,f ,
M.D. Galati32 , A. Gallas Torreira40 , D. Galli20,g , S. Gambetta52,42 ,
M. Gandelman2 , P. Gandini25 , Y. Gao7 , Y. Gao5 , M. Garau27,h ,
L.M. Garcia Martin50 , P. Garcia Moreno39 , J. Garćıa Pardiñas26,m , B. Garcia Plana40,
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mUniversità di Milano Bicocca, Milano, Italy

7
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