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Semi-tauonic B decay: B—D*)ry

- *
B -D'[W —1v]

Sizable uncertainties on 2
Ves| and the form factors

Bo_
)

e Universality of the lepton coupling to the W gauge boson (Symmetry)
e | epton Flavor Universality (LFU) is fundamental axiom of Standard Model (SM)

o B— D)y sensitive to New physics (NP) because the massive 31 generation b quark
and 7 lepton are involved
e Flavor-dependent coupling to fermions could violates LFU
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R(D) and R(D*) anomaly

N

S L  Br(B° - DW*r7,)

e Ratio of branch fractions
cancel out most of the
uncertainties on |Vcp|, form

Br(B° — D®)+¢—iy,)

/

e Charged lepton mass changes
kinematics and modifies form factors
In the hadronization

e QED corrections depend on lepton

velocity (z vs. [ (e, p))

R(D*)
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factors and the experimental
systematics
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In general, there are three typical candidate scenarios to
explain the anomaly observed in R(D()
e Heavy vector bosons
® Constrained from W’ —1v and Z’—tr search
e Charged Higgs
® Constrained from B.—7v and H*—1v ,still allowed
® Previously, it was rejected by B.—7v measurement,
however, recovered by recalculating the B. lifetime.
arXiv:2201.06565
o | eptoquark
o oo LO* still broad parameter regions are allowed

New physics scenarios



https://arxiv.org/abs/2201.06565

LFU test by R(X:w1) measurement

e Breakdown of B—Xlv branching fractions

o ~ 2/3 overlap with D and D*
e ~ 3/4 D decay to v, K.9, n1T ...

® ~ 1/3 contribution from D** and nonresonant Xc
e Multiple LEP experiments measured Br(B—Xtv)

® Br(B—Xtv) are completely saturated by D/D* BFs

= An update measurement is needed

® R(X) is critical cross-check of R(D®™), a partially

complementary test of LFU

R(XT/E) —

Br(B — X717 v;)

BT(B — Xg_ﬁg)

e R(X) has never been measured

X, v 2.1%
Non-resonant \ D
5 1% ‘ /" 22.3%

B —» X{v
composition

D**
24.9%, - D*

45.7%

IIII IIIIT 1 L I |l I 1 I l IIII 1 1 I I 1 L

ALEPH

Eur. Phys. J.C 19 (2001) 213-217

OPAL

Phys. Lett. B 520.1-2 (2001) 1-10

DELPHI

Phys. Lett. B 496.1-2 (2000) 43-58

L3

Z. Phys. C 71 (1996) 379-389
L3

Phys. Lett. B 332.1-2 (1994) 201-208
Average

PDG 2022
Exclusive B(B—Dtv+D*tv)
HFLAYV 2022

SM Prediction

J. High Energy Phys.

1 0 1 2 3
BB — Xt 7,) [%]

P
| | | | | 1 | 1 | | | | | | 1 | I l::_l | || I | | |



® 424 fb-1 until Long Shutdown (LS) 1,
~363 fb-1 on Y'(4S)

e Belle: 1 ab-

o First R(Xe/) result at Belle Il using
189 fb-1 data-set

e First R(D*) measurement at Belle I
using 189 fb-1 data-set targeting the
end of spring 2023

e Other three R(D™) and a R(Xw)

analyses with different tagging
methods are on-going

Belle Il Online luminosity

Status of B anomaly measurements at Belle |l

Exp: 7-26 - All runs
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Tagging methods

e B tagging is necessary to measure B—X/D*rv, B—X/D*[v (v=2) simultaneously

e Hadronic tag
e Exclusive tag
- Fully reconstruct B—D)(/J/y/A)X
- Tagging efficiency 0.2~0.4%
- less background

other particles
than a lepton as
. Xon signal side




e Hadronic tag
e Exclusive tag
- Fully reconstruct B—DC)(/J/y/A)X
- Tagging efficiency 0.2~0.4%
- less background

® Fully reconstruct one of the B mesons (B tag) possmle
to measure momentum of other B meson (B signal)

e |[ndirectly measure missing momentum of neutrinos in
sighal B decays

® M?miss = (Dbeam - PBtag = PD() = P Fitting variables for
® FecL unassigned neutral energy in the calorimeter . = ZEZ}yields determination




Hadronic tag reconstruction at Belle |l

e Hadronic tagging reconstruction : Full Event Interpretation (FEI) trained
200 Boost Decision Tree (BDT) to reconstruct ~100 decay channels,

~10,000 B decay chains arXiv:2008.06096
e £=0.30% for B=* 10-30% increased *£=0.28% for B+ @Belle Belle Il preliminary

x 104
+£=0.23% for B0 < »£=0.18% for B° @Belle
Comp. and Soft. For Big Sci. 3, 6 (2019)

o

fﬁ dt=34.6fb~ 1 [ Baryonic

0
Btag

 J/pX
mm D"'D"MX
] DS‘*'(*)D-(*)
] D"~ nn
mm D nt
mm D°nn
1 D nm
B D n*

~
LJ ' LJ LJ LJ

()]
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https://arxiv.org/pdf/2008.06096.pdf
https://link.springer.com/content/pdf/10.1007/s41781-019-0021-8.pdf?pdf=button

Signal side reconstruction

D* decays

D decays ® Reconstruct B— D *rv and B—D*[v with

D*t — DYt

D° — K—ntn0 same selections

DY 5 K—ntn—nt

D' kona-no @ T lepton reconstruct with [ (e, p)vv
D R e D meson reconstruct with K=, rr=,Ks, 10

D° - Kortn™

D — K% e 8 D% modes (Br ~36%)
D’ - KKt Tl T N
DO _y ot ® 4 D+ modes (Br ~1 230/0) A_ Vr
o+ o x—+ ®D*mesonreconstruct with D*/D%and low < . '= =
* + 0 ~_ T
D = Dn Dt — Kont momentum rr+/mo Missing energy
+ — I+t

o gg P e D* = DOrr+/D+mr® (Br ~98%)

D*Y — D070

e D*0 — D00 (Br ~65%)

DY - K—ntqY
D’ - K—ntn—nt
D° —» Kortn—

DO _y Kot e Both neutral and charged B*/B°® mesons
D"~ Ksrtn~  reconstruct with D*+/D* and 7/[ = (e, p)

D’ — KJn®
DY 5 K~ KT
DY — gmra—
10



Belle Il R(D*) sensitivity at 189 fb-

e Extracting B—D*rv, B—D*[v yields by a two-dimensional simultaneously fit
o M2niss = (Pbeam - PBtag = PD(*) - P[)2

® EecL unassigned neutral energy in the calorimeter
® The fit returns R(D*) = 0.254, statistical uncertainty is +17/-16% at 189 fb-1

e Belle ’15 statistical uncertalnty Is 13% (15% @ R(D*) = 0. 254)
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Preliminary systematic uncertainties

e Each source of the uncertainty changes the PDF shape, consequently modify the
fitted R(D*) value

Source Uncertainty
isti : +0.043 +17%

Statistical uncertainty : l 0,040 H o ;:

EecL PDF shape +0.028 +10.8%

o
“\ql\“ -0.015 -8.0%
MC statistics ?‘e +0.010 +4.1%

-0.007 -2.7%
e _ _ +0.012 +2.7%
B—D**[y branching ratios -0.010 -1.9%

Statistical uncertainty dominated

e Currently, finalize the systematics uncertainty
e Especially, checking the B—D**/vy modeling
® Result coming soon, stay tuned

12



Light-lepton universality test R(Xe/.)

Br(B — Xe 1,)

e Test light-lepton universality by measuring R(X,,,) = Br(B — Xu 1)
r oV

® R(X) has never been measured

® Approach employed at Belle ll: Mx reweighting
e Events weights from data/MC ratio in Mx 2500_‘
distribution, applied to all events ~ 2000 |
® g2, M?nmiss can be expressed by reliable parts féwoo
and Mx part g o0
® Signal yields are extracted by a binned 3
maximum-likelihood simultaneous fit to lepton >0
momentum FEP
S &

arXiv:2301.08266

Control channel (B°B%/B*B*)

Belle 11

[Ldt=189fb~"

1 Xev
e: Background
"Il e Continuum
MC tot. unc.
¢ Data

Le

¢| MC tot. unc.

X pv
1: Background
p: Continuum EEE

. Data f

o oo
l ll lllllll

-
I

14 16 18 20 22 14 16 18 20 2.2

py [GeV/c]

pff GeV/c]
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http://www.apple.com
https://arxiv.org/abs/2301.08266

Light-lepton universality test R(Xe/)

e First R(Xe/u) measurement
R(Xes) = 1.033 = 0.010 (stat) = 0.019 (syst)

® Most precise BF based LFU test of e-u
universality with semileptonic B decays to
date

® Consistent with SM value by 1.20

R(Xe/u)sm = 1.006 = 0.001 JHEP 11 (2022) 007

e Compatible with exclusive Belle

measurements PRD 100, 052007 (2019)
R(D%e/) = 1.01 = 0.01 (stat) = 0.03 (syst)

R(D*e/) = 0.990 = 0.021 (stat) = 0.023 (syst

arxiv:2301.07529

arXiv:2301.08266

Signal channel (B°B%/B*RB)

Belle 11 [Ldt=189fb~"
B Xev X pv
12500 F e: Background p: Background
- Il e: Continuum p: Continuum EEE
k= 10000 E MC tot. unc. MC tot. unc.
"S ¢ Data o B0 Data ¢
& [ *
S 7500 pealititan
5
-
L 5000
€2
2500
Ty 0
E § 20 : ° . °
g'-g 0.0 L — ¢ L ® o
R R
Z. 1.4 16 1.8 20 22 14 16 1.8 20 22

p —

py [GeV/c]

pf GeV/c]

e NOTE: R(Xe/y) result will have a update soon, but will not change the conclusion
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http://www.apple.com
https://arxiv.org/abs/2301.08266
http://www.apple.com
https://link.springer.com/article/10.1007/JHEP11(2022)007
http://www.apple.com
https://arxiv.org/abs/2301.07529
http://www.apple.com
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.100.052007

Expected sensitivity anomaly measurement at Belle |l

The Belle Il Physics Book, PTEP 2019, 123CO01
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Belle Il Projection
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arxXiv:2207.06307

10}

X) (had FEI, lep 7)
7) (had FEI)

) (had FEI, lep 7)

) (SL FEI, lep 7)

*) (had FEI, lep 7)
*) (SL FEI, lep 7)
*) (had FEI, had 7)

Data sample in ab™!
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https://arxiv.org/pdf/2207.06307.pdf
https://doi.org/10.1093/ptep/ptz106

model prediction
oHint of Lepton Flavor Universality Violation

eBelle Il performed R(D*) and R(Xe/,) with hadronic tagging based on 189 fb-! data

Summary and prospects

oR(D*) shows 3.20 deviation between experimental average value and standard

eExpected statistical uncertainty of R(D*) is +17/-16% at 189 fb-1

eEvaluated most of the systematic uncertainty for R(D*), <- statistical

uncertainty dominated, result coming soon

oFirst measurement of R(Xe/y) = 1.033 £ 0.010 (stat) =

eConsistent with SM by 1.20

e SuperKEKB/Belle Il will resume operation
in winter of 2023

Peak Luminosity [x10°"cm s™']
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