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Status of |Vg| and |V

sl

H

m |Ve| and | V| constrain the SM through unitarity triangle

m Important input in SM predictions
m Semileptonic B decays are studied to measure | V| and |Vs|
m Factorizable leptonic and hadronic currents

m Exclusive: Reconstruct specific final m Inclusive: Measure general X/v decay
states mje.:
m e m |Vl B— Xclv
m |Vl : B— D&y m | Vip| 0 B —= Xulv

m [Vip|: B— wly m Theory input: Heavy Quark Expansion

m Theory input: Lattice QCD (LQCD) Theory (HQET)
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Status of |Vg| and |V
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m ~30 discrepancy between inclusive and exclusive | V(| and | V.| measurements

m Limiting factor in precision flavor physics
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Belle Il

EM Calorimeter (ECL)
Energy resolution: 4%-1.6%

m Belle Il:
m Hermetic detector

m 3-dimensional missing momentum

measurements
:’;’g'e“\’/')‘s ® Important for studying events with
I~ missing energy
Central Drift Chamber m Excellent particle identification
Spatial resolution: 100 ym . . ..
dEfdx resolution: $% m high ~ detection efficiency

prresolution: 0.4%

m Collected data:

m 362 fb—! @ 1'(45)
m Results shown today: 189 fb—1

[Belle Il TDR: arXiv:1011.0352]
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https://arxiv.org/abs/1011.0352

Untagged vs Tagged

Untagged

Untaggdd—

K
D'
fia

el

m Reconstruct only Bsjg m By and Bt are reconstructed
m High efficiency, high m Tag can be hadronic or
backgrounds semileptonic

m Precisely determine missing
neutrino momentum

Terminology

= Untagged - Tagged % V.
= Only one or both B mesons ‘ cb ‘ ub
reconstructed per event Untagged D*¢v Untagged v
= Exclusive - Inclusive Exclusive Tagged D*lv Tagged wlv
m Reconstruction of Untagged Dév
Bsig — specific decay or
Bag — Xtv
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Untagged B — D*/v [to be submitted to Phys. Rev. D]

m Reconstruct neutral B mode

o B = D" v
A X
RS NN
o 4
< x® aT 272
@ x |V, |“F*(w,cos 8,,cos 6y, y)

dwd cos 6,d cos Oydy

Signal B decay

4

o\
o O t=(e,p)
m Measure partially differential rates

m Fit form factors to decay rates
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Signal extraction

Belle Il Preliminary  [ra-1893m
= Signal
B True D" background
= Fake D" background

20.0

s 1 owe
; 15.0 w MC unc.

g

éloo . . . s

2 m 2-dimensional fit in cosfgy and

AM = M(Knrs) — M(K)

| st m Independent fits in 10 (8) bins of
’ Sl w,0v,x (0¢)

Befle n Preliminary ;.o.1p050 Belle n Preliminary ;.o i3
= sonal ] woirev, |
1 T G backoroune, -

H T hote-n,

m Template fit with 3 components

-1
LS

'
s i i ] !
fu 11 i
Py * 0
s COSB, w i (D*) - M(D°)
25) h [ ; L i
" Gevie

m Partial decay rates are determined from the unfolded yields

it P
reco. eff & acc. unfolded

Al = A - yé = 0 =
BoBr(ph = D’r)B(D" K 7 )y |
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| Vep| extraction

Relative uncertainty (%)

i (b &

Statistical 33 | 0.7 [44.8 354

Finite MC samples 3.0 | 0.7 |39.4 33.0

m Fit form factor to measured differential decay sl ] R e
H H H H . Lepton ID efficiency 15|03 |31 25
widths including full correlation matrix et =Tl e

Tracking of K, 7,

m BGL truncation order from Nested Hypothesis Nop

fe-/f00
Test [Phys. Rev. D100, 013005 (2019)] B - D)
B(D' - K 7t)
B lifetime
Total
BGL fit results (LQCD at w = 1.0)
Belle Il at=1093m1 -
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e s reoe S <
o 14] o 3
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I g £ §
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w

|Ve|BoL = (40.9 %+ 0.3qa £ 1.056 & 0.6theo) x 1073

World-average exclusive D* £v : [arXiv:2206.07501]

(38.5 £ 0.4exp £ 0.64) x 1073
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.013005
https://arxiv.org/abs/2206.07501

Other results

m Other extractable results from this analysis:

|VebleL, Lacp e w > 10 = (40.0 + 1.2) x 1073
|Vep|cin = (40.4 & 0.35t0c £ 1.05s £ 0.6theo) X 10—3)

B(B® — D*"¢7v) = (494 + 0.024a = 0.2245)%

HFLAV average: (4.97 &= 0.12)% [arXiv:2206.07501]

Reyp = 1.001 £ 0.009stt + 0.0215y
AAfb = (—4 == 16stat =+ 185y5) X 10_3

— See Peter Lewis’ talk for a dedicated
measurement
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https://arxiv.org/abs/2206.07501
https://indico.cern.ch/event/1166059/contributions/5407658/

Untagged | V| via B — Dlv [arXiv:2210.13143]

m Reconstruct both charged and neutral
B modes

m D’ K 7t and DY - K ntnt

Key differences to D*{v B°® mode

- Belle Il Preliminary Jcdt=189.2fb!
W= Signal W False D BO~Dutv,
7w B Continuum +

. Triep 7% MCallunc Pre-Fit
¢ Data

m Scalar meson, one form factor and one
kinematic variable w

12000

m No slow 7w dependence

m More backgrounds

Events /(0.059 )
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https://arxiv.org/abs/2210.13143

Untagged |Vep| via B — Div

m Signal yields from independent fits to cosfgy in 10 w bins
m Fit BGL form factors up to N = 3 to partial decay rates

m FNAL/MILC [Phys. Rev. D 92, 034506] and HPQCD Lattice QCD [Phys. Rev. D 92, 054510 (2015)]
as nuisance parameters

Belle 11
- ____Preliminary
— BGLN=3 =D vy
0 . 1o X?Indf: 15.1/14
20 s
'3 oo |Ves| = (38.3+1.2) x 10~

N
S

World-average exclusive Dfv: [arXiv:2206.07501]
(39:1 + 0.9exp £ 0.4¢,) x 1073

dr/dw [107%° GeV?]

m ~ 3% error, comparable to the past
measurements
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.034506
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.054510
https://arxiv.org/abs/2206.07501

Tagged |V,p| via B — D*lv [arXiv:2301.04716]

m Tagged measurement of B® — D** (v with £ = (e, 1)
m Fit CLN parametrized form factor [NPBs30, 153 (1998)] to differential decay rates

Belle Il Preliminary

Belle Il Preliminary 0.008 J‘ Ldt-189.3 b” o data with stat.4sys. error
180 F P 0.007 | e —— best fit
< 160 _I Ldt=189.3 fb &I:_a'ﬂ | : 8 D'T'v,and co. oo
0 .o ignal _0.006 F s error
8 140 | B =D u'v,andcc. BEG )
o 20k --selection g 0.005 + +
S 1o} S 0.004
@ so b ke}
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|Vep| = (37.94£2.7) x 1073

World-average exclusive D* £v : [arXiv:2206.07501]

(38.46 = 0.40¢,p & 0.55y,) x 1073

m Major systematic errors: slow 7 efficiency and tag calibration
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https://arxiv.org/abs/2301.04716
https://www.sciencedirect.com/science/article/abs/pii/S0550321398003502
https://arxiv.org/abs/2206.07501

Untagged | V| via B — mlv arXiv:2210.04224

m Reconstruct B® — n* /v with £ = (e, i)

m 2 dimensional fit to Myc = \/E}2_ — |B5|* and

AE = E} — E..,., in 6 bins of ¢°

m Bin-by-bin unfolding to correct migration

a’=s—pn)*

B®-netve B%->mnetve
Belle Il Preliminary [cdt=189fb"1 Belle Il Preliminary Jcdt=189fb"
6000 =3 signal Xetv w4 MC unc. 6000 -l w4 MC unc.
= Comb Signal Othersd 4 Data = CombSignal mmm Others5 4 Data
5000 =pa Continuum 5000 =P = Continuum
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https://arxiv.org/abs/2210.04224

Untagged |V| via B — v

m BCL extraction of V:
m Fit form factor to measured differential rates in bins of g2
m Input LQCD inputs fi(q?) as nuicance parameters (FNAL/MILC [Phys. Rev. D 92, 014024])
Belle Il Preliminary

Postfit

. . : Systematic uncertainties on the yields (%)

Source B> 7|"¢3+1/c B> w’;ﬁuﬂ

ql q2 ¢3 q4 ¢5 ¢6 ql q2 ¢3 q4 g5 g6

Detector 1.2 1.0 1.1 1.4 23 24 23 32 33 12 19 38
MC sample size 4.0 2.0 24 28 39 56 39 20 23 2.7 34 4.8
(C i 13.1 5.5 4.4 7.8 10.5 33.9 53.3 88 3.2 45 8.0 11.4)
B — ptv 9.5 125 9.7 6.9 3.4 129 8.7 11.6 8.6 6.3 3.3 143
B—X,/v 33 1.9 21 21 18 3.7 34 23 20 23 21 6.0
B — X v 23 30 11 08 05 24 24 15 15 08 0.5 2.2
Total syst.  17.2 14.3 11.2 11.1 12.0 37.0 53.4 15.2 10.3 8.7 9.7 20.3
0.0 | L | L Stat. 10.2 6.01 6.86 8.08 10.3 13.2 10.4 6.0 6.4 7.8 9.7 13.4

1
° > qu [Gevlf] 2 » Total 202 15.5 13.2 13.7 15.9 39.2 54.5 16.4 12.2 11.6 13.7 24.3

[Vip| = (3.55 = 0.1241a¢ & 0.1366 & 0.174pe0) x 1073

World-average exclusive mfv: (3.67 & 0.15) x 10~ [arXiv:2206.07501]
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.014024
https://arxiv.org/abs/2206.07501

Tagged |Vp| via B — mev arXiv:2206.08102

m Measure e modes with hadronic FEI

B — r—etu,
Belle Il Preliminary [cdt=189.3fb" Belle Il Preliminary [rdt=189.3fb" Belle Il Preliminary [cdt=189.3fb!
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m Leading systematic: tag
calibration

v
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|Vup| = (3.88 £0.45) x 10~3

World-average exclusive wlv:
[arXiv:2206.07501] (3.67 == 0.15) x 10>
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https://arxiv.org/abs/2206.08102
https://arxiv.org/abs/2206.07501

Outlook

m | V| and |Vip| play an important role in constraining the Standard Model
m Presented first preliminary exclusive measurements at Belle Il

m Competitive precision with 189 fb~! collected
m Updates with more data in progress

| Veb| x 103 Reference

Untagged B — D*fv | 40.9 + 1.2 (BGL) | 7o be submitted to PRD

Untagged B — Dlv 38.3+1.2 (BGL) [arXiv:2210,13143] World averages [HFLAV 2021]
Tagged B — D*lv 37.9 £+ 2.7 (CLN) [arXiv:2301.047169] | Veblexel = (39:1 £0.5) x 1073

[Vip| x 103 Reference  |Vubloxc. = (3:5150.12) x 1072
Untagged B — wlv 3.55+0.25 [arXiv:2210.04224]
Tagged B — mwev 3.88 + 0.45 [arXiv:2206.08102]

m New inclusive measurements in progress
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D*¢v Data-MC comparison
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D*¢lv

Backup
[o]e] le]ele]

Data-MC comparison

mode
Belle 1l c dt= 189365
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[e]e]e] lele]

Kinematic variable construction

m How to reconstruct w, 6,0y, x?
® What we know about B:

* E* =% *
Eg = % |Be| = (EBeam)z - mf;o

m From reconstructed ¢ and D*:

ek 20 2
2EgEy — mp mY7 Y = Combined D* £ system

cosfgy =

2|psllpyl

m For kinematic variables, need direction on this cone
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[e]e]e]e] Jo]

Kinematic variable construction

m Novel approach : (extension of BaBar's diamond frame [Phys. Rev. D 74, 092004])

m Calculate cosfgy from reconstructed D* and ¢
=D, + — . I .
AL m BB production: angularly distributed according
to sin? 0
m Sum up left-over tracks and clusters as
Rest-of-Event (ROE) and calculate momentum
ProE
p m Likely direction on cosfgy cone: Back-to-back
with ROE
m Weighted average over 10 uniformly distributed vectors on cone
m Each vector has weight combining ROE and kinematic information:
1

5(1 — Proe - pB) sin 0

< Improved resolution compared to previous methods!

Philipp Horak on behalf of Belle 11 |Vop| and |V,p| Belle I1 May 30, 2023

5/6


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.74.092004

Backup
O0000e

Nested Hypothesis

(a1, 1) Vol X 10° x° Ndf prax
(1,1,2) 40.3+1.1 41.4 32 0.3
(2,1,2) 40.24+1.1 384 31 0.97

. 1,2,2) 40.9+1.2 39.8 31 0.56
m Expand BGL order by one if x2 decreases by at (1,2,2)
least 1 1,1,3) 40.2+1.1 40.5 31 0.97

(

m Reject if maximum correlation between 2 (2,2,2) 40.1+1.3 384 30 0.9
(
(

m BGL truncation order from Nested Hypothesis
Test [Phys. Rev. D100, 013005 (2019)]

parameters > 0.95 1,3,2) 39.7+1.4 374 30 0.98
1,2,3) 40.7+1.2 39.5 30 0.97
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