Experimental Developments of Inclusive Inputs

(for the Belle & Belle Il Collaboration)
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Branching Fraction Measurements

e As a normalisation factor, the total branching fraction is important for |Vco| extraction

« Experimental inputs are B(B — X £v),

or indirectly via B(B = X £v) = B(B = XCv) — BB = X (V)

B
if measured as partial A9, need rescale to full phase space B = AAB/e, e, = alfe.g. E’fr> 0-6GeV)




Branching Fraction Measurements

e As a normalisation factor, the total branching fraction is important for |Vco| extraction
« Experimental inputs are B(B — X £v),

or indirectly via B(B = X £v) = B(B = XCv) — BB = X (V)

B
if measured as partial AJ8, need rescale to full phase space B = ABley ey = -8 L > D00H)

I
» PDG status
B(B — X£v) BB — X.Lv)
VALUE (% DOCUMENT ID TECN
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10.84 + 0.16 OUR EVALUATION See the ideogram below. [HFLAV]
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Branching Fraction Measurements

e As a normalisation factor, the total branching fraction is important for |Vco| extraction

« Experimental inputs are B(B — X £v),

or indirectly via B(B = X £v) = B(B = XCv) — BB = X (V)

B
if measured as partial A9B, need rescale to full phase space B = ASB/e, ¢, = alfe.g. Efr> 0-6GeV)

e Tension exits among various measurements/conversions [see details in JHEP 10 068 (2022)]



https://link.springer.com/article/10.1007/JHEP10(2022)068

Branching Fraction Measurement at Belle |l

o Belle Il provided preliminary result on 98(B — X .£v) with 62.8 fb-1 dataset [2111.09405]
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https://arxiv.org/pdf/2111.09405.pdf

Branching Fraction Measurement at Belle |l

o Belle Il provided preliminary result on 98(B — X .£v) with 62.8 fb-1 dataset [2111.09405]

e mode:
U mode:

B(B — Xceue) == (9.97 T 0.0S(Stat) T O.38(Sys))%
B(B — X.uv,) = (9.47 £ 0.05(stat) £ 0.45(sys) )%

combined: B(B — Xlv;) = (9.75 £ 0.03(stat) = 0.47(sys))% | .

Relative uncertainty [%)]

Contribution Electron mode|Muon mode

Tracking 0.69 0.69
Ngps 1.1 1.1

( Lepton ID corrections 1.64 2.33)
fo/f+, B lifetime 1.2 1.2
B — X lv, branching fractions 2.69 2.15
B — X vy form factors 1.11 1.11
BB background model 0.24 0.34
Off-resonance data model 0.34 2.91
Sum 3.77 4.79

fully correlated syst. unc.,
quote larger error from u
mode for the average

Results are not stat. limited but some
Important syst. uncertainties are due to only
limited data were used for calibrations


https://arxiv.org/pdf/2111.09405.pdf

Branching Fraction Measurement at Belle |l

o Belle Il provided preliminary result on 98(B — X .£v) with 62.8 fb-1 dataset [2111.09405]

e mode: B(B — X.ev.) = (9.97 & 0.03(stat) 4= 0.38(sys))%
u mode: B(B — X.uv,) = (9.47 £ 0.05(stat) £ 0.45(sys))%

combined: B(B — chl/g) — (9.75 T 0.03(Stat) T O.47(SyS))%

 This untagged measurement will be updated to larger dataset and incorporating new knowledge for

modelling, e.g. the recent Belle measurement of B — D(*)ﬂ(ﬂ)f U [PRD 107, 092003 (2023)] The lepton energy

spectrum/moments could be also provided (very limited resolutions for M, qz)

e We will also measure branching fractions (total & differential) for semi-inclusive B — DX7/v


https://arxiv.org/pdf/2111.09405.pdf
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.092003

Measurements of Moments in B - X Zv

e Beyond normalisation 93, detailed shapes of key kinematic variables are needed to
derive HQE parameters, shape function and |Vcp|

« < E7 > :BaBar(2004, 2010),
Belle(2007), CLEO(2001), DELPHI

e < M?"> :BaBar(2010), Belle(2007),

CDF(2005), CLEO(2004),
DELPHI(2006)

e < g”" > :Belle (2021), Belle Il (2023)

v B — X_./v HADRONIC MASS MOMENTS
(M% — M?2) (First Moments)
(M) (First Moments)
(M2 — M%)?) (Second Moments)
(M2 — M2%)?) (Second Moments)

v B— X./v LEPTON MOMENTUM MOMENTS

Ro (TE~176ev / TE>15Gev )

R1 ((El>E1>1.5GeV)
Ro ((EF — E})E>15Gev)
Rs (B3 — E3) g >15Gev)

0.36 + 0.08 GeV? (S =1.8)
4.156 + 0.029 GeV?

0.55 + 0.08 GeV*

0.64 + 0.19 GeV*

0.6187 + 0.0021
1.7797 +0.0018 (S =1.8)
0.0308 + 0.0008 GeV?
0.0021 £ 0.0005 GeV?*
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Experimental Strategy

Binned Unbinned

1. Extract signal yields for each kinematic region (e.g. £, thresholds) 1. Signal extraction based on event-wise probability
2. Unfold binned spectra with migration matrix, correct eff. & acc. 2. Calculate moments with weighted events and corrections
3. Calculate moments via summing up bins 3. Calibrate moments for distortion, acceptance and bias

Also discussed by F. Bernlochner at Barolo

11


https://indico.cern.ch/event/851900/contributions/4848171/attachments/2430977/4162724/discussion.pdf

Experimental Strategy

Binned Unbinned

1. Extract signal yields for each kinematic region (e.g. £, thresholds) 1. Signal extraction based on event-wise probability
2. Unfold binned spectra with migration matrix, correct eff. & acc. 2. Calculate moments with weighted events and corrections
3. Calculate moments via summing up bins 3. Calibrate moments for distortion, acceptance and bias

Example: measure n'

g

moment < E; >

signal yields

reconstructed £,
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Experimental Strategy

Binned Unbinned

1. Extract signal yields for each kinematic region (e.g. £, thresholds) 1. Signal extraction based on event-wise probability
2. Unfold binned spectra with migration matrix, correct eff. & acc. 2. Calculate moments with weighted events and corrections
3. Calculate moments via summing up bins 3. Calibrate moments for distortion, acceptance and bias

Example: measure n'" moment < E” >

signal yields

true E,
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Experimental Strategy

Binned Unbinned
1. Extract signal yields for each kinematic region (e.g. £, thresholds) 1. Signal extraction based on event-wise probability
2. Unfold binned spectra with migration matrix, correct eff. & acc. 2. Calculate moments with weighted events and corrections
3. Calculate moments via summing up bins 3. Calibrate moments for distortion, acceptance and bias
Example: measure n'" moment < E” >

%

O

Q0

= bin content

© |

-

Ao

e bin center

bin width
\ \ '

AN true E,
ZE5>E§‘“ dEf EI/” dE
< >E >Ecut o

ZEL»E;%‘“ dEy 2 dE
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Experimental Strategy

Binned

1.

2. Unfold binned spectra with migration matrix, correct eff. & acc.

3. Calculate moments via summing up bins

Extract signal yields for each kinematic region (e.g. E, thresholds)

Unbinned

1.

2. Calculate moments with weighted events and corrections

Signal extraction based on event-wise probability

3. Calibrate moments for distortion, acceptance and bias

Example: measure n'" moment < E” >
=
ﬁ § Event-wise weight w,(E,"°°)
2 . s
— bin content O
Q] | —_
C ©
s, c
D bin center D
! true £ reco L,
Z dEf Ef dN 4 C C events Ecal,n
< > E,>ES dE <En> cal. =~ “acc. Zi Wi Ep
E, >ECut - £/ g >FEeut events
" ¢> Ly .
ZE{>E§‘“ dELﬂ dE zl Wl
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Hadronic Mass Moments in B - X Zv

* Binned strategy applied on 140 fb-1 of Belle data

e 1st, 2nd central moments and 2nd raw moments
measured with £, thresholds ranging in [0.7, 1.9] GeV

Zi(M)Q()Z-az’
D i Ty

entries / 0.333 GeV?/c”

(Mx) =

Unfolded M)z( spectrum

4.5

1600

1400

1200

1000

800

600

400

200

Belle: PRD 75, 032005 (2007)

I|III|III|III|III|III|III|III|III

Belle
E;>0.7 GeV

e data
E B> X v
[ B>Xlv
fake/secondary
&3 combinatorial

e N

¢ a
0’ \

‘0’:’:’:’:’0 KRR ::;‘\\\‘\\\‘\\ l \\\'\\\\§

vo’o’o’ R R R R R R RIS

10 15
M)Z( (GeVz/ c4)

B - Belle 175 ] S -
o 44 () - > 21 @
<) - S 15 e S B
r\% 4.3 = i N% 1.25 _—" ® <§< 20 ;— i
Voo, - i Ng L i Vioo19 -
N b 075 |— -
41 i > } i 18 [
- I V 05— i :
L — EE 17 —
4 — st I 025 — N
- - 2nd central é < 2nd
3.9 1 | | | | | | | | | | | [ O _I | | | | | | | | | | | | :
1 1.5 2 1 15 ) R B

" (GeV) E_ .~ (GeV)

mln

entries / 0.333 GeV?/c*

1600

1400

1200

1000

800

600

400

200

I|III|III|III|III|III|III|III|

E;> 1.1 GeV

15
M>2( (GeVZ/ c4)

16


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.75.032005

Hadronic Mass Moments in B - X .Zv

 Unbinned strategy applied for 210 fb-1 data of BaBar BaBar: PRD 81, 032003 (2010)

e 1st, 2nd central moments and 2nd raw moments measured
with £, thresholds ranging in [0.8, 1.9] GeV

Calibration factors
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.81.032003

Hadronic Mass Moments in B - X .Zv

 Unbinned strategy applied for 210 fb-1 data of BaBar

e 1st, 2nd central moments and 2nd raw moments measured
with £, thresholds ranging in [0.8, 1.9] GeV
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.81.032003

Measurement of Moments ¢* at Belle |

PRD 107, 072002 (2023)

e Measurement of q2 moments with Belle Il dataset of 62.8 fb1 , £ = e, u

e Hadronic tagging to reconstruct Biag
e Kinematic fit constraining missing system improves resolution

e Includes the experimentally challenging q2 region of [1.5, 2.5] GeV?2, ~77% of phase space

,* ' Belle Il (Simulation) 77771 Kinematic Fit
/ . 051 I Reconstructed
— -7 v | Kinematic Fit _
B ~__ B — = | Mean: 1.20 GeV?/c? B - X v Signal MC
Y(4S)/ \/x Can fully assign each final state particle to - 0.4 rms:2.65Gev?/c*
Hadronic Tag Signal Side either the tag or signal side =
© - Reconstructed
Allows to reconstruct X c " Mean: 3.43 GeV?/c?
N = 0.3 16576 GeVv2/c*
€ s e<_F g
O
-
e Hadronic system X: [
-
_ 2 2 v
px = Zi(\/mw"' pil* pi) + 2 (Eis ki) >
e Missing mass squared: e Leptonic system:
2 _ Z 2 2
MM —(PY(4S)_Ptag_PX_P£) q2=(PB_PX) =(PI+PV)

—4 —2 0 2 4 6 3 10
qrzeco ) qgen [GeVZ/C4]

19


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.072002

Measurement of Moments ¢* at Belle |

PRD 107, 072002 (2023)

« Background suppressed in hadronic mass /V/, and converted to signal prob. on q2

e First to fourth moments (m=1~4) & three central moments measured at a progression of cuts on q2
e Spectra corrected for linear distortions, eff. & acc. & residual bias

C k. C events
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' )
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.072002

Measurement of Moments ¢* at Belle |

« Background suppressed in hadronic mass /V/, and converted to signal prob. on q2

e First to fourth moments (m=1~4) & three central moments measured at a progression of cuts on g

e Spectra corrected for linear distortions, eff. & acc. & residual bias
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.072002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.072002

Measurement of Moments ¢* at Belle |

PRD 107, 072002 (2023)

« Background suppressed in hadronic mass /V/, and converted to signal prob. on q2

e First to fourth moments (m=1~4) & three central moments measured at a progression of cuts on q2

e Spectra corrected for linear distortions, eff. & acc. & residual bias
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.072002
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Measurement of Moments ¢* at Belle |

« Background suppressed in hadronic mass /V/, and converted to signal prob. on q2

e First to fourth moments (m=1~4) & three central moments measured at a progression of cuts on g

e Spectra corrected for linear distortions, eff. & acc. & residual bias
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Measurement of Moments ¢* at Belle |
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PRD 107, 072002 (2023)

q2 thresholds at (1.5, 2.0, 2.5) GeV?2
are not measured in Belle (2021)

—_ Mmeasured & simulation

are compared
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Split Relative Systematic Uncertainties

| Total Sys. Uncertaint 5F : PRD 1 07! 072002 (2023)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.072002

What’s next for moments?

e Measure all kin. moments simultaneously as a function of q2 (EZB ) thresholds in

B - X¢v: q°, EZB, My, cos6,, combined variables ny (Mx, Ey), Py (My, Ey)

e Full experimental correlations will be derived => important for global analysis

¢ Only shape observation (drop tagging eff. calibration, separate from 98 measurement)
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Summary

o Belle Il will provide new results on branching fractions and moments of all kinematic variables
e New knowledge and techniques will be incorporated for future analyses (e.g. X. modeliing)

e Anything else? (c.g. sensitive regions, steps of thresholds,...)

Experimental ingredients
Extra
topping?

Observed
kinematic
shapes

Branching
fractions

Inclusive |V, |
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THANK YOL

hmm, why do we have so
many different values

Of Vcb ?




Backup: Tagging vs. Untagging

€+

o B,/j > e Untagged
SNy~ > e |oose constraints on signal
Untagged Signal Side o
e \ery large statistics, but also very large background
et Ll e o Efficiency ¢ ~ 6(100%)
A ¢t
> D‘\\ ,/j—r" . .
> o v<-- B ~. B e Semileptonic tag
- Q | . (4S) . . e Mid- t ti ffici
= G Semileptonic Tag Signal Side IAd-range reconstruction efriciency
= ':E e Due to multiple neutrinos, less information about Btag
€ o<t
D,D* o+
K&ﬁB B/j Y e Hadronic tag
T N e Cleaner sample
adronic Ta Signal Side
* done o 1 ) e Knowledge of p(Bsig)
e e e Low tag-side efficiency € =~ 0(0.1%)
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Hadronic Tagging at Belle Il

* Hadronic tagging with Full Event Interpretation algorithm [Comput Softw Big Sci 3, 6(2019)] t0 reconstruct Btag

* Reconstruct B candidate with all combination of daughters

e Calculate signal probability with multivariate classifiers

Tracks ] [Displaced Vertices ] LNeutra.l Clusters J

Hadronic FEI

x 10 Belle Il preliminary

g
w

- M Correctly reconstructed Jcat=346Mm"

B Continuum & mis-reconstructed
¢ Data

Ns; =84907 = 734
Prag > 0.1

N
o

.-
w
T

g
=}

Events / (0.0010 GeV/c?)

ot
n

050.250 5255 5260 5265 5270 5275 5280 5.285
My (GCV/Cz)

Events / (0.0010 GeV/c?)

o
(¥

B
Y (4S)
Hadronic Tag
+ -
e—).(—e

x10*

e Over 200 BDTs to reconstruct ©O(10000) distinct decay chains
o Efficiency €z+ =~ 0.5 %, €0 ~ 0.3 % at ~15 % purity

Belle Il preliminary

Z+
/ >V
\/X
Signal Side

g
o

! B Correctly reconstructed

b 0 om
Ns; =38545 = 1161
Prag > 0.5

o
)

o
o

g
»

o5(.)250 5255 5260 5265 5270 5275 5280 5285

ER Continuum & mis-reconstructed

Jeat=346m"?

My (GeV/c?)

Mpe = \/Egeam/4 - (szg )2 > 5.27 GeV/c2
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https://link.springer.com/article/10.1007/s41781-019-0021-8

Measurement of Moments ¢* at Belle |

e Central moments
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Hadronic Mass Moments in B - X .Zv

BaBar: PRD 81, 032003 (2010) Belle: PRD 75, 032005 (2007)

K D¢ min (m%) Ostat Osys MC simulation extraction back- signal AIM2)Y (GeV2 /A
[GeV/c ] statistics  related method  groud model ) (Mx) ( /e’)
1 0.8 2.0906 +0.0063 +£0.0166 _ 0.0058 0.0099 0.0096 __ 0.0047 0.0031 E’. (GeV) 0.7 0.9 1.1 1.3 1.5
0.9 2.0800 +0.0062 =+0.0158  0.0048 0.0088 0.0103  0.0045 0.0028
1.0 2.0843 +0.0061 00153 0.0044  0.0076 0.0109  0.0044 0.0027 secondary/fake leptons ~ 0.033 0.023 0.013 0.007 0.004
1.1 2.0765 +0.0063 =+0.0165  0.0044 0.0072 0.0127  0.0047 0.0026 combinatorial background 0.006 0.004 0.003 0.002 0.002
1.2 2.0671 +0.0064 =+0.0160  0.0046 0.0073 0.0120  0.0045 0.0025 .
1.3 2.0622 +0.0068 =+0.0168  0.0048 0.0073 0.0131  0.0050 0.0023 continuum 0.000 0.000 0.000 0.000  0.000
1.4 2.0566 +0.0073 +0.0183  0.0047 0.0069 0.0150  0.0054 0.0021 B — X, ¢v background 0.004 0.004 0.004 0.004 0.006
1.5 2.0494 +0.0081 =+0.0198  0.0036 0.0074 0.0168  0.0061 0.0019
1.6 20430 =40.0092 +0.0221 0.0038  0.0082 0.0187  0.0070 0.0018 B(D™ ) 0.008 0.007 0.007 0.007 0.006
1.7 2.0387 $0.0109 440.0265 0.0047 0.0081 0.0232 0.0083 0.0015 B(D** /v 0.022 0.014 0.006 0.000 0.000
1.8 2.0370 +0.0143 +0.0337  0.0069 0.0097 0.0299  0.0098 0.0013 ( (*)) ' ' ' ' '
1.9  2.0388 +0.0198 =+0.0413  0.0082 0.0123 0.0355  0.0150 0.0008 B((DY 7 )non—res.fV) 0.024 0.017 0.007 0.004 0.004
2 0.8 4.429 4+0.029 +0.070 0.027 0.047 0.030 0.018 0.008 D(*)g,/ form factors 0.013 0.013 0.012 0.011 0.010
0.9 4.416  +0.027 +0.063  0.020 0.041 0.033 0.016  0.008 .
1.0 4394 +0.026 +0.058  0.020 0.033 0.035  0.015 0.008 D**fv form factors 0.003 0.002 0.002 0.001 0.001
1.1 4354 +0.026 +0.063  0.019 0.031 0.043 0.016  0.008 )
1.2 4.308 +0.026 +0.058  0.019 0.030 0.039 0.015  0.007 unfolding 0.0I6 0.015 0.015 0.015 0.015
1.3 4281 +0.027 +0.061  0.020 0.029 0.044 0.016 0.007 binning 0.001 0.001 0.001 0.001 0.001
1.4 4.253  +0.028 +0.066  0.021 0.028 0.051 0.018  0.006 .
1.5 4220 +0.031 +0.070  0.015 0.029 0.058 0.019  0.006 cliciency 0.008 0.011 0.012° 0.009  0.008
1.6 4.183 +0.034 +0.078 0.015 0.032 0.065 0.022 0.005 total 0.052 0.041 0.029 0.024 0.022
1.7 4.158 +0.040 +0.094  0.019 0.032 0.082 0.026  0.004
1.8 4145 +0.051 +0.120  0.026 0.036 0.107 0.031 0.004
1.9 4.136 0.122 0.048  0.002

+0.069

+0.142

0.031

0.046

_— — —

_— e~ —
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.81.032003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.75.032005

