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noceswerHas 70-neturo B.A. Pybakoea
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MoTueauus k usydenuto B2-mesomHos

Nccnenosanus ceolicTs BY-Me30HOB BaXkHbI C TOUKN 3peHus:
@ WN3yYeHUs CUJIBHOrO B3aMMOAEWCTBUA NPU HU3KUX SHEPrusXx;
® u3mepenns napametpos CTangapTHoOl Mogenu;

@ nowucka nposienenuii Hoeoii cousumku.

NcTounnkn B2-mesoHos:

@ appoHble mawuHbl (Tevatron, LHC);

o ete™ — T(55) — BB (KEKB).
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Poxpetne B2-me3zoHos Ha sneprun T(55)-pesoHatca

fs — BEPOSTHOCTb poXxAeHNs napbl BY-Me30HOB Ha 3Heprum
T(55)-pe3soHaHca

B(T(5S) — DEX)/2 = f; - B(BY — DEX) + fgpy - B(B — DEX)
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BeposTHocTb MHKNto3uBHOrO pacnaga BY — DX

3KcnepmmeHTaanoe 3Ha4yeHune
B(B? — DEX) = (93 +25)%
TeopeTunyeckas oueHka
B(B? — DEX) = (92+11)%
B(BY — D°/D°X) = (8 £ 7)%

MNpsimoe namepeHue B skcnepumenTe Belle:

B(B? — DFX) = (60.2 + 5.8 + 2.3)% (Belle PRD 105, 012004, 2022);
B(B2—D°/D°X
ﬁxﬁ)) = 0.416 + 0.018 & 0.092 (Belle JHEP08(2023)131)

S
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PesynbtaT npsimoro nameperus B akcnepumenTe Belle

MonynenTtonnwiii Tar: B — Do Xty
Miiss = (V/5/2 = 0E — Ep,1)* = (PD.1)°
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Lens: Hosoe nameperne B(BY — DFX) npu nomowym agpoHHOro
TarmposaHus. Mepsoe npsamoe nsmepetue B(BY — D°/D°X) n
B(B? — D*X).

N3mepeHue Bcex TpEX BepOSITHOCTEN 4AET BO3MOXHOCTb MPOBEPKU
pesynbTaTa, Tak Kak Ux CymMMa AosixHa npesbiwaTte 100%.
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Npes npsamoro namepenus

@ BoccraHoeneHne n otbop KaHAMAATOB B Bg—MeZBOHbI BbINOJIHSIETCS B

FEI;

e Yucno Tarmpyrowux BY-kaHanaaTos onpepensercs npu nomowm
nogrovku M(Bs)-pacnpegenetus;

o [ns kaxpgoro BY ctpoutcs octaTok cobbiTusi, B KOTOPOM
OCyLLEeCTBASETCA NMOUCK D-Me30HOB;

AK

ﬁgnalgdes
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Npes npsamoro namepenus

@ BoccraHoenenne n oT60p kaHaAMAATOB B BO-Me30HbI BLINONHSETCS B
FEI;

o Yucno Tarmpyroumx BO-kaHanaaTos onpeaensieTcs npu noMmoLuy
nogronku M(Bs)-pacnpegenenus;

o [ns kaxporo BY cTpontcs octaTok cobbiTUs, B KOTOPOM
ocyLecTBAsieTcs nonck D-mMe30HOB;

e [lBymeproe pacnpegenerne [M(Bs) vs. M(D)] annpokcumupyercs
ANs nosydeHust Yucna nap Bs — D:

Ng._p = Ng, - B(B® — D/DX) - Bp - eR°F,

Ng,—p

B(B® - D/DX)= ——52"P ___
( S / ) NBS'BD'EPD{OE
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MaccoBoe pacnpegeneHune TarupyroLmnx BSO—KaH,EI,VI,EI,aTOB

o [Belle Y(5S) 12141 + daa
> L —— fit function
% 4000— broken signal
NI L shifted broken signal
3 F smooth background
£ 3000
T
2000
1000~
0: P I TR S IS S |
5.25 5.3 5.35 5.4 5.45 55
M(B,) [GeV/c?]
Pacnag Tpebosanue k Pg, “Yucno kananpatos, Np,
BY — DX > 0.0012 12500 + 310
Bg — DO/DOX > 0.0050 9610 4+ 190
B — D*X > 0.0200 6485 + 120
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1BymepHoe pacnpegnenexmne

1.98

1.9

1955

Mapa Bs — D moxeT 6bl
@ curHanbHblii Bs — ¢

53 535 54 5.45 55
M(B.) [GeV/d]

Tb YeTbIPEX TUMOB:
urHaneHblii D;

@ curHanbHblli Bs — doHoBsbIl D;
@ oHoBbIl By — curHansHelin D;
@ hoHoBbIli Bs — doHoBbIi D.
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Mogronka gsymepHoro pacnpegenernsi [M(Bs) vs. M(D;)]

B AaHHbIX
+ +.
DS — om:
a 250 <« 30 .
o [ Belle Y(5S) 121.4fb" k) L ¢ dam
> L > - —— fit function
O 20 [0} L signal B; - signal Dy
= C = L —— signal B; - bg Dy
r L —— bg B - signal Dy
? 15F i + E\r’ 20r | —bng—bg?Ds
7] N 7] F
.Q r Q2 L
= 10 = L
@ + + % G 10 |
5¢ + % ]
- - 0 ;
525 53 535 54 545 55 1.92 1.96 1.98 2 2.02

M(B,) [GeV/c?

M(D,) [GeV/c?]

Ng,_p, = 85+ 12
B(B? — DXX) = (73.0+10.6 +5.2)%
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Mogronka gsymepHoro pacnpegenernsi [M(Bs) vs. M(D;)]
B JaHHbIX

D} — K*OKT:

“§ F Belle Y(5S) 121.4fb" “§ r | S gf;jncﬁon
C [ i | B; - si | Ds
2 20 g 30 T
«© C NS L —— bg B - signal Dy
~ 1Sj ~ L —— bg B; - bg D
3 8 20
2 10} £ T
w L
STV
50
525 53 535 54 545 55 192 194 196 1.98 2 2.02
M(By) [GeV/c? M(D,) [GeV/c?]

Ng,_p, = 63+ 13
B(B? — DEX) = (541+11.7+3.7)%
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Mogronka gsymepHoro pacnpegenernsi [M(Bs) vs. M(D;)]
B JaHHbIX

+ 0p+.
Df — KK+
«— 15 « 20
© - Belle Y(5S) 121.4fo" © r + daa
> b > C —— fit function
[ b [0} - ~—— signal B; - signal D,
= L = 15+ —— signal B; - bg D,
© 10+ NS L —— bg B; - signal D,
- F Ny - — bg B, - bg D;
8 I 3 10~
g 5 + T + +
L|s . 5
t —t , LIlL] F T TI I TI ITT
e s AR 6 0 1 D A A A ot T R T
5.25 5.3 5.35 5.4 5.45 5.5 192 194 196 1.98 2 2.02
M(B,) [GeV/c? M(Dy) [GeV/c?

Ng,_p, = 55+ 10
B(B? — DFX) = (88.2+16.2+7.0)%
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Pesynbtat nsmepenns B(B2 — DEX)

¢ort: B(B2 — DEX) = (73.0 4+ 10.6 +5.2)%;
KOK*: B(B? - DIX) = (54.1+11.7+3.7)%;
KIKT: B(B? — DEX)=(88.2+16.2+7.0)%.

DTy 3HaYeHUs ycpeaHsitotcs npu nomowm metoga HFLAV, yuuTsiatowero
KOPE/IALMIO CUCTEMATUYECKNX OLUINOOK:

B(B? — DXX) = (68.6 £ 7.2+ 4.0)%.

P-value nogronku paeen 28%. PesynstaT nsmepeHusi cornacyetcsi ¢
npeabliayLwmm pesynstaTom skcnepumenTa Belle (60.2 + 5.8 + 2.3)%.
VcpefHeHne pesynsTaToB [ABYX U3MEPEHWIA:

B(BY — DEX) = (63.4 4+ 4.5+ 2.2)%.
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BepositHocTn pacnagos T(55)-pe3soHaHca

Ncnonbsys Hosoe 3Hauenne B(BY — DFX), nepecuntbizaetcs 3HaueHue
fs npu nomown metoaa, onucanHoro B Ref.(JHEP08(2023)131):

f, = (21.8 £ 0.2 £ 2.0)%. (1)
ﬂ'ﬂﬂ YAyHWeHNA TOHHOCTN UCNOJIb3YETCA yCnoBue
fs + fex + fg=1.
B pesynbTaTte nofroHky TpEx BEpOSITHOCTEW HaXOAUM:
fy = (21.4713)%;
feex = (73.8733)%;
fpr= (4.8752)%.

DTu pe3ynbTaThl YTOYHAIOT Npefblaylune 3HaYeHus
fo = (22.0139)% (Belle JHEP08(2023)131),
feex = (75.1 £ 4.0)%, fz= (4.9 £0.6)% (Belle JHEP06(2021)137)

Mypag Slcasees (BLLD) Nsmepenne B(Bs — Do) X) Kondbeperuus OPH PAH 14 /20



+a— 030
Ceuenue npouecca e"e” — B/B/ X
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ﬂ'aHHaﬂ 3aBUCMMOCTb MOXET NCNONb30BATLCA B O6'bep.V|HeHHOM
(hEHOMEHOIOTMYECKOM aHaIN3€e Pas/INyHbIX W3MEPEHHBIX CEYEHNI B
NOLAXOAE CBA3AHHbIX KaHaNoB C Lenbtlo nsydeHust cTpyktypbl T(5S5)- un
T(6S)-pe3oHaHcos.
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Moaronka asymeproro pacnpegenenns [M(Bs) vs. M(DP)]

B AaHHbIX
DY —» K—nt:
‘g [ Belle Y(5S) 121.4fb" ‘5 | + data
> 50F > —— fit function
2 F o 30 signal B; - signal D’
= L + = r T —— signal B - bg D’
o 40F < C —— bg B; - signal D°
= L = L —— bg B;-bg D’
8 3o 8 20
§ 20- S "
104 F T 11
- — AR
0’ T 07. . 1 [ | - [ ——
5.25 5.3 5.35 5.4 5.45 5.5 18 182 184 186 1.88 1.9 1.92
M(B,) [GeV/c?] M(D°% [GeV/cY

Np,_po = 56 + 16
B(B? — D°/D°X) = (21.54+6.1+1.8)%
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PesynsTat nsmepenus B(BY — D°/D°X)

Ncnonbsys Hosoe 3Hauenne B(BY — D X) v oTHowenne
B(B2—D°/D°X) _ :
W = 0.416 + 0.018 + 0092, nony4ynm:

B(B? — D°/D°X) = (26.5 + 2.3 + 5.9)%.

70 3HaYeHNEe YCPEAHAETCA C PE3Y/bTaTOM HALIEro N3MepeHus
B(B? — D°/D°X) = (21.5 + 6.1 + 1.8)%:

B(BY — D°/D°X) = (23.9 +4.1+1.8)%.

Mypag Slcasees (BLLD) Nsmepenne B(Bs — Do) X) Kondbeperuus OPH PAH 17 /20



Mogroxka asymepHoro pacnpegenerns [M(Bs) vs. M(D 1))

B AaHHbIX
Dt — K nta™:
© % Belle Y(55) 121410 ©
2 a0b 3z 30
= O: = =
® L N
2 %0 g 20
e e I
€ 20 k< C
N Y07
10-
of

¢ data
— fit function
signal B - signal D*
—— signal B; - bg D*
| —— bg B; - signal D*

— bg B, - bg D*
|J[ I

+ Ty

Mypag Slcasees (BLLD)

5.4

545 55
M(B,) [GeV/c?

T80 164 186 1.88 190 1.92
M(D?) [GeV/c?]

Np,_p+ = 34+ 12
B(B? — D*X) = (12.6 £ 4.6 £ 1.3)%

Nsmepenne B(Bs — Do) X)
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CymMma Tpéx BeposiTHOCTE

ObHoenéHHble 3HadeHns B(BY — DFX) w B(B? — D°/D°X), a Takxe
Hogoe 3Hauenne B(BY — D*X):

B(B? — DEX) = (63.4 +£4.5+22)%,
B(B? — D°/D°X) = (23.9 + 4.1 + 1.8)%,
B(Bs — DFX) = (12.6 4 4.6 + 1.3)%.

Cymma Tpéx BeposiTHocTeid pasHa (99.9 £+ 7.6 + 3.8)%. Ananoruyxas
cymma ans B- n B%-mesonos pasHa (107.9 & 3.4)%, uTo cornacyeTcs c
CYMMOIi BEpOATHOCTE pacagos BS-Me30Ha.
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3aktoYeHme

PaspaboTaH MeTon afpoOHHOro TarmpoBaHusi ogHoro Bs-mesoHa B
cobbiTusx ete — BiB;.
MeToa no3sosna n3MepuTb abCoNOTHbIE BEPOSITHOCTN WHKIO3UBHbIX

pacnagos:
B(B? — DXX) = (68.6 £7.2 +4.0)%,

B(B? — D°/D°X) = (21.5 + 6.1 & 1.8)%,
B(Bs — DFX) = (12.6 £ 4.6 + 1.3)%.
Hogble snauenus B(BY — DFX) u B(B? — D°/DOX) cornacyiotea ¢
pe3ynbTaTaMun npeabiayumnx I/I3MeHEHVII7I, BEPOATHOCTb

B(Bs — D*X) = (12.6 + 4.6 + 1.3)% n3mepena Bnepebie.
VTouHeHbl BeposTHocTM pacnagos T (55)-pesoHanca:

fo = (21.3719)%;
feex = (73.9735)%;
t'B/ ( 8+3 7)%
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Discussion of the result

The main contribution to BY — DX X have the following diagrams:

o
<l
=

(2]
nl
(2]

n

The fragmentation fraction of the ¢35 pair into D;F mesons of (85 + 10)%,
assumed in theoretical estimate, is probably an overestimate. Thus,
measurements of the inclusive branching fractions of the B? meson provide
information about dynamics of its decays.
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FEI variables

o Bs

e SigProb of each daughter;

o R> and cos Oipryst, where Oippuse is the angle between the thrust of the
B candidate and the rest of the event (ROE);

o Masses of the p(— 7m) and a;(— 37) candidates (if they are
available).

o D;

e SigProb of each daughter;
o M.

o D,
e SigProb of each daughter;
o M,
o x2 of mass-vertex fit;
o for 3-body decays: masses of all pairs of daughters (¢, K*, p).

° J/¢

e SigProb of each daughter;
o M.
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FEI variables

o Ks
e nisKsFinder output;
o M.

o M;
o p;
decay angle.

number of hits in cluster;
Eg/E25 ratio;

E;

Pt-

° Wi? Kiv :ui7 ei

o identification variables;
e p;
® pPt.
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FEI reconstruction channels

BY — Bt — B —

D, wt DOrt D—rnt

Dy 0 DOxt 70 D= mtx0

Dyntntn™ @077+7T+7T7 D ntatn™

D=7t Q*%r'*‘ D*~xt

D;k—ﬂ_0ﬂ_+ Q*OW+7TO D*_7T+7TO

Di~atrtan= DOptrta~ D atrta—

D; DF D D° DD~

D~ Df D;*JF_D0 D:*D~

D; Dit D} D*° DF D*~

Di~ Dit D+ D*0 DitD*~

J/VKTK™ J/Y KT J/ K2

JJWKTK=7%  J/p KQnt J/Yp Ktn~
Jp KTata™

DOK—7+ D~mtmt D*~KtK—zt

DKzt D*~rtgt

Dy K™
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FEI

D% — Dt - D} —
K-nt K-ntnt KtK—nt
K- ntn0 K ntata® KTk
K ntota™ Kg Tt KtK=ntz0
Kg mtmT Kg ata0 K+K2 mto~
Kg atr— 70 Kg rtrtn— K_Kg rtat
KtK~ KTK ™t KTK ntnta™
KTK~ Kg Ktntn—
rtata~
K+KS7TO
KK+
n'mt
om0
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Simultaneous fit
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Event selection

B(B? — DX X):
e B.:
o |pem — 0.42] < 0.09 GeV/c;
o P, > 0.0012.

e Dq:
e |dr| <0.5 cm, |dz| <2.0 cm;
° ‘CK/‘n' > 0.1, Ln/K > 0.1;
o 1T |Mkk — 1.019] < 0.040 GeV/c?, | cosOpe| > 0.3;
o K*K*: [Myy —0.892] < 0.100 GeV/c2, | cosOpe| > 0.3;
o K2K*: [Mye —0.498| < 0.015 GeéV /c? + standard criteria.

B(BY — D°/D°X): B(BY — D*X)

e Bs: e Bs:
o |pem — 0.42| < 0.09 GeV/c; o |pem —0.42] < 0.09 GeV/c;
° PBS > 0.005. ° PBS > 0.02.

o D - K—nt: e Dt —» K ntrnt:
e |dr| <0.5 cm, |dz| <2.0 cm; e |dr| <0.5 cm, |dz| <2.0 cm;
° ‘CK/‘n' > 0.6, EW/K > 0.1. ° EK/‘;r > 0.1, Lw/K > 0.6.
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Systematic uncertainty

Channel .
Source ont KOK*  KIK* Combined
Signal shape 2.3 1.8 1.6 2.0
Broken signal 0.9 0.9 0.9 0.9
Smooth background 1.6 1.0 1.1 1.4
Tracking 1.1 1.1 1.1 1.1
K /7 identification 2.1 1.9 0.7 1.7
Kg reconstruction - - 2.3 0.6
Ds momentum 0.8 0.6 0.2 0.6
Dalitz plot 0.8 0.8 - 0.6
FEI efficiency 3.6 3.6 3.6 3.6
MC statistics 4.4 45 5.7 2.7
B(Ds — KK) 1.9 1.9 - 1.4
B(Ds — KsK) - - 2.4 0.6
B(K2 — mtn™) - - <01 -
Total 7.2 6.9 7.9 5.9
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Systematic uncertainty

Source BY — D°/D°X BY — D*X
Signal shape 2.0 0.6
Broken signal 1.1 2.9
Smooth background 0.3 0.9
Tracking 0.7 1.1
K /7 identification 1.2 3.0
D momentum 0.2 <0.1
FEI efficiency 2.1 2.1
MC statistics 7.5 9.0
B(D — Kn(r)) 0.8 1.7
Total 8.3 10.4
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Correlated uncertainties

Source Semileptonic tag  This work Combined
Uncorrelated 3.0 5.3 2.6
Tracking 1.1 1.1 1.1
K /7 identification 13 1.7 15
B(Ds — KKT) 1.5 1.4 1.4
B(Ds — KsK) 0.4 0.6 0.5
Total 35
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Results at the T(4S) resonance

B(B° = D°X), %  B(B° — D*X), %

B(B® = DsX), %

Result 54.54 + 0.81 £ 0.59 37.68 4+ 0.56 + 0.32

12.35 £ 0.39 £ 0.29

PDG 55.5 + 3.2 39.2 £35

2.2
11.875¢

B(B* — D°X), %  B(B* — D*X), %

B(BT — DsX), %

Result 81.39 + 0.81 +£ 0.63 11.35 + 0.37 + 0.17

1252 £ 0.33 £ 0.24

PDG 87.6 £ 4.1 124 £ 13

9.0+t14
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Results at the T(4S) resonance

Using the ratio of production rates f 7= /f% at the T(4S), we find
B(B — D°/D°X) = (67.81 + 0.56 + 1.00)%,

B(B — D /Ds X) = (12.35 4 0.25 + 0.27)%.

These branching fractions are in agreement with the last Belle results:
B(B — D°/D°X) = (66.65 + 0.04 & 1.77)%,

B(B — DI /D; X) = (11.28 4 0.03 + 0.55)%.

We take the accuracy with which this test is carried out as a systematic
error of our method.
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