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What is inclusive?

v Baryon modes
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(exclusive B* decays in the PDG)
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e B-oAX
o  Xcan be anything, not exclusively reconstructed
o alsodecayB—Z XwithE —A"m
e onlysmall fraction of inclusive BF measured exclusively!
o  wedon’t know what is X
o measurement has to be data driven and independent

of simulated X

v Inclusive modes

Iy DX (8.6 £0.7) % v
Ty D'x (79 £4) % &
Do DI X (2.5 +0.5) % v
Ty DX 9.9+1.2) % v
T DX 79113 % v
Tss DX (1107040 ) % v
Ts  ALX (2.17°55) % i
< < [ Tss A, X (2.8759) % v
Tge <X (97 +4) % v
sy X 23.4722)% v
Tss ceX (120 +6 ) % N

(inclusive B* decays in the PDG)



Motivation

arXiv:1305.5390, arXiv:1404.6197

Inclusive b—c transition :

B(b—ciid) = 0.446+0.014

B(b—cev,) = 0.116£0.008
B(b—cpv, ) = 0.11620.008

e b — ccscontributes a large portion (23%) to B decays which are not well measured
o need more precise inclusive measurements to improve understanding of charm quark hadronization
e knowledge of hadronic B decays and accurate modeling in MC is essential for B tagging
e much better precision than old measurements, systematics start to dominate
o  we have more data + higher B tagging efficiency (hadronic FEI)
anti-correlated correlated
B* (%) B (%) B* (%) B° (%)
D°X 8607102 81415702 DX 786431720 474425713
D*X 2.540.5%02 <39 DX 994097 36.9+21*2S
DfX 79407t 103+1.3%1] DX 11404702 <26
ALX 21x0.550% <3.1 AX 2840640 50+1.1%18

BaBar measurement from 2007 with 210 fb"
Phys.Rev.D75(2007)072002

B(b—c TV,) = 0.027£0.001

B(b—ciis) = 0.024+0.001
B(b—ccd) = 0.0126+0.0005


https://doi.org/10.48550/arXiv.1305.5390
https://doi.org/10.48550/arXiv.1404.6197
https://doi.org/10.1103/PhysRevD.75.072002
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https://doi.org/10.1103/PhysRevD.75.072002

Strategy

using hadronic FEI to fully reconstruct tag side B mesons

reconstruct A_in ROE of Btag, e.g.fromA*—p" K’

Event
s p —
B (Full Event |nterpretation) p
t
— ~ A’ < K*
c .
T
T[+ DO 4 N
K R—_|
\\ T[+
s N\
O L X/
. m J N J
~30 hadronic decay modes Rest of Event (ROE)




Strategy

2D fitin p*(A,) bins

1 ‘ A I

no A in ROE C [ T a 1 |
- : 1 ‘ r A I
l - F g 14 | C y A I
- F 1L [A,in ROE
M
| 1
M, 0f B,y 528 Gev o
Mbc — \/5/4 o |ﬁB|2 I\/Ibc of Btag

e unbinned, simultaneous fit to obtain yields of correctly rec. Btag +A_and correctly rec. Btag

e BF obtained from ratio of yields, common normalisation uncertainties cancel

> NB, Arec—s fs/ B

BB = AX) = " BiAT — fs)




s

Btag (Full Event |nterpretation)

Crossfeed

e important to consider B* < B® crossfeed

o charged Btag mis-reconstructed as neutral Btag and vice versa N

Rest of Event (ROE)

~30 hadronic decay modes )

e crossfeed depends on X, which can cause bias if not calibrated
e neural network trained to classify charged and neutral B events

o  reduces crossfeed

o definesignal and crossfeed enriched samples to self-calibrate crossfeed using data with a simultaneous fit

BO local BC crossfeed enriched crossfeed enriched B local BC  signal enriched
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B — D% as validation channel

DO production in B decays - BF per unit p* (stat ® syst)

B*, correlated B™, anticorrelated
so{ [ W & saen 12 + AT e much larger inclusive BF for B — D°X
10 A .
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Expected results

Differential B(B - A.X): measured vs. generated (BaBar-like toy sample)
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analysis still blinded
expect more than factor 5
improvement in precision with
respect to previous measurement
o  mostly due to reduced stat.
uncertainty

o  stat. ~sys.uncertainty

2 strategies with different
method and crossfeed treatment
serve as independent cross
checks with different fitting

framework
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( ™
Out of equilibrium o I B-mesons decay into
late time decay CP violating oscillations Dark Matter and hadrons

What about new physics? <b @? PprET=
2. @

Some NP models such as B-Mesogenesis can be tested b @@ ™~ @ Bsaryon
e arXiv:1810.00880, arXiv:2101.02706 L Tk ~ 15 MeV A% A% Br(B — ¢ + B+ M) )

e B could decay into SM baryon such as A_and dark (anti-)baryon g,

[ background
[J signal, M=2432 MeV
1500 -
S 1000
d -
500 L ﬂIJ-l'LﬂLrn [l
e wecanrequirethat X={} i Jj ! M
e B — AW, wouldappear as peak in momentum spectrum of A_ ok : ih ; : ; .
(3}
depending on mass of Y, P (Ac)

12


https://arxiv.org/abs/1810.00880
https://arxiv.org/abs/2101.02706

Outlook

e analysisinreview stage, plan to unblind next month
e more inclusive measurements still coming from Belle Il
o B—D¥XB-D "X B—pX,B—AX

13



spare slides

1
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b — CCS

C| anti-correlated
B* RO < D,, D, D, ...
D * X 79+14% | 103+21% | BaBar b Cc  correlated
s PRD75:072002
c
-D ®p® ~5.9 % ~5.6 % Yexcl. (BaBar, q *
s(J) CLEO, ARGUS, < q DK
LHCD, Belle) S
b C
D" anti-D¥K | ~4 % ~3.7 % Yexcl.: BaBar,
arXiv:1011.3929 ( \
b - c
A X 21209% | <31% BaBar S
PRD75:072002 q
S << a
b—cCs (pred.) | ~23% ~23% arXiv:1305.5390 c A
\_ _J

e inclusive measurements of B— D*°, B — Ds", B— /\C+ (correlated + anti-correlated) will help to fill the gaps

o including also the higher resonances (B — D**, DS(J)*, 2 ) for even more information
15


https://doi.org/10.1103/PhysRevD.75.072002
https://doi.org/10.48550/arXiv.1011.3929
https://doi.org/10.1103/PhysRevD.75.072002
https://doi.org/10.48550/arXiv.1305.5390

2 strategies

BCS approach

ModeSelector approach

dataset

crossfeed suppression

Bie modes

normalisation

signal / CF shape

sim. fit

number of independent fits

internal crossfeed (corr < anti)

BFs B, =

ga i (1 - fc—)a - 5B°Xd) - Bc E (fc—)a + 5B°Xd)

Belle + Belle Il (1209/fb)

BCS

only selected modes (~80%)
not used

fixed to MC, different PDFs (sig-CF)

Belle Il (498/fb)

NN (ModeSelector, 15330),
~50% reduced crossfeed

all except flavour agnostic or with A\_
simultaneously fit all Btag cand.

free parameters, same PDFs (sig-CF)

Ocorr oanti+ +corr+ B+anti (B+BII) Bocorr+B+corr and Boanti+B+anti
8: 1 for each p(A ) bin 2: corr / anti, sim. in p(A)
negligible taking into account when converting FPRs
to BFs
FPRs  B(B— AX) = DBAson/n

1- fa—)c - fcﬁa - 2(SBOXd

B, =

er - B(AF = fs)

BNC i (1 - fa%c - 5B°Xd) - [;,a . (faac + 6B°Xd)

L— fa—)c - fc—m - 26B0Xd 16


https://gitlab.desy.de/belle2/software/basf2/-/merge_requests/5330

Systematics

BCS approach

ModeSelector approach

unfolding
absolute normalisation
FEI

continuum pdf

fit modelling / fit model

B —A_X decay composition
crossfeed (B*, BY)

crossfeed (corr, anti)

from calibration

full difference between fits w/ and w/o
(cont. yield+shape floating)

vary shape parameters within
uncertainties from MC fit

efficiency difference of 2 signal samples

difference of 2 signal samples

50% of difference
cancels
from calibration, largely cancels

full difference between fits w/ and w/o
(cont. yield+shape fixed from MC)

bootstrap study, full bias as systematic

efficiency difference of 2 signal samples
nuisance parameter in fit

stat uncertainty + 100% systematic

17



bin 1 2 3 4 5 6 7 8 | integrated
central value 0.09 0.28 0.41 0.58 0.59 0.46 0.22 0.10 | 2.72
charm BFs 40 40 40 40 40 40 4.0 40 4.0
Xd

Kg 03 04 03 03 03 04 03 03 0.3
A° 02 02 02 02 01 01 01 02 0.2
PID 28 el 80 28 28 Ay Al 26 2.9
FEI 03 02 01 02 01 02 01 021 0.2
tracking eff. 1.2 12 12 12 12 12 12 1.2 1.2
cont. modelling 0.7 17 06 20 22 22 23 44 1.9
decay composition 1.2 02 16 28 41 53 6.6 87 3.5
unfolding 05 01 03 04 02 01 03 038 0.0
crossfeed (corr, anti) 1.5 02 03 02 01 02 02 06 0.1
crossfeed (B*, BY) 56 34 31 23 23 24 36 49 153
MC stat. (eff.) 46 25 20 17 16 18 27 49 0.8
fit model 66 04 08 08 33 41 6.0 53 1.9
fit bias 04 00 01 01 01 06 02 01 0.0
total sys. 112 69 66 69 81 92 114 14.0 6.9
stat. 134 83 7.6 55 55 58 86 118 3.0
total 175 10.8 10.0 88 9.8 10.8 14.3 183 | 7.5

18



PDF parameters

(for fit of signal enriched sample)

e CrystalBall(M, )

e Argus(M,)

e  Gauss + Johnson (M[A])

e Chebyshev (M[A])

e Crossfeed fraction/ calibration
e Yields

Parameter Status

Parameter Status

Parameter Status

Normalisation fit
N.ig(B) floating
Nyig(BY) floating

Sxteean1rC] fixed

Cyfeed [DIC] floating
Noig(B®) floating
fiss floating
g floating
aCB floating
s floating
miy 8" [nrc] fixed

A8 [nrc] floating
P8 nrc] fixed

CTO88(By,,) X Sig(A.)
Nsigxsig(BT)  floating

Sxteeatrc] fixed
Cxfeed [tIC] floating
fise floating
O floating
a®B floating
o floating
fGauss/Johnson fixed
[IfSHE floating
el floating
Johnson
Nfinon )
,YJohnson ﬁxed
6Johnson fixed

bkg(B,.,) X S19(A.)

Nbgggxsig(Bo) floating
A ind fixed

m
cAreus[tre] floating
pAress[trc] fixed
f Gauss/Johnson fixed
JHSEE floating
opaaus floating
e fixed
AJhod derived
,),Johnson fixed
§lohnson fixed

819(Bi.y) X DEg(a.)
Nsigxbkg(B 0) ﬂoating

s floating
g floating
aCB floating
Ui floating
ke floating

Cross(p,,,) X bkga.,)
Nsigxbkg(B +) ﬂoa.ting

Sxteealfre] fixed

Cxfeea|frC] floating
7SB floating
os2 floating
ast floating
nSP floating
o floating

$19(Buag) X STY(A.)
Niigxsig(B®)  floating

s floating
asE floating
aCB floating
nCB floating
f Gauss/Johnson fixed
jfsaTE floating
g floating
C fixed
P\dohazon derived
,7Johnson fixed
JJohnson fixed
bkg(B..,) X bEg(a.)
Nikgxikg(B°)  floating
mg e [frc] fixed
AT [frc] floating
pATES[frc] fixed
i floating
(cont. x bkg)
(cont. x sig)

cont. fixed from MC, fit

performed with and
without (hominal)

19



ROC curves

e with selections applied, requiring A_candidate in ROE of Btag

x10° B (MC)
5F
w 4 :_ sigProb (local BCS)
?é) sigProb (global BCS)
* 3L = sigProb > 0.001
'-8 : ¢ sigProb > 0.01
8 9 == BO score
[ e B0._score >0
1 I+ BOscore > 0.01
I X BOscore > 0.1
[ ¥ BO0.score > 0.15
() — — I I [ E—— P—

0.4 0.6 0.8
Purity (crossfeed only)

B+ (MC)

x10°
sk
S6kF
c@ L
S | .
= G
8 4T
U I [ ]
2+
| x
I
(O wa—

sigProb (local B
sigProb (global BCS)
sigProb > 0.001
sigProb > 0.01

Bp score

Bp_score > 0
Bp_score > 0.01
Bp_score > 0.1

Bp_score > 0.15
N N S N A R Y A N Y N S |

0.4 0.6 0.8 1.0
Purity (crossfeed only)
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° f - fractions of yields, fixed from MC

signal enriched crossfeed enriched

° s*/s0 - parameters to account for mismodelling of Bp score

° c®=*/c*—0 - free parameters to calibrate crossfeed

signal enriched BO local BC ¢rossfeed enriched

106 L

105 L

104 L
=
< 10 ¢

102 ¢ 1 B+ B

. — B°LB?
100 ¢ 0 BY> B (good fag)
1 1 1
—1.0 —0.5 0.0 0.5 1.0
BplusScore

crossfeed enriched B* local BC  signal enriched

106 < e
105 L
4L
:E 10
< 103 L
102 F — B* B+
. Bt b BY (good|tag)
101 F ] B°4B+
Il 1 1
—1.0 —0.5 0.0 0.5 1.0
BplusScore

constrained fraction

________________________________

| fSig0 x §0 i
| i
S CF S CF B° channel
I A
I |
e e 1
fCFO x S 0
free floating fractions
o fsexs .
i
Y
S CF S CF B* channel
i B
| fee s’ :

__________________________________

individually for events with no rec. A_in ROE / true rec. A_[x8]/ false rec. A_[x8]
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