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and tests of lepton-flavor universality
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Lepton Flavor Universality (LFU) anomaly in B decays

-SM expects lepton coupling to EW gauge bosons to be flavor-universal,

but tension exists
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Test of LFU with semitauonic B decay

-Belle Il at SuperKEKB: on-threshold BB production from
ete’> Y(4S) > BB, reconstructed with hermetic detector

[
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-Advantage to measure semileptoinc decays:
-clean background environment

-known initial beam state

|-achieved luminosity of 4.7 X 1034 cm?2s™!

-total integrated luminosity at Y(4S) energy: 363fb! [ ... drmcham;r NS5 muon cotoctor

-Four LFU tests by Bellell with 189fb1 (198 X 10° BB events):
X:any decays

BB—FD*'TUT B(B— X7v;
-tand & (¢=e or u): |R(D") = B((B B D*va)) = B((B — XEW))
Angular asymmetries B(B — Xev,)
- and e: AApg = ALy — Afp R(Xe/n) = B(B — X;u/,(;,)




R(D*) Measurement

B — D*Tuv,
-The first measurement of R(D™) = B(B = D7)

-1
= B(B = Divy) at Bellell, 189fb

-Reconstruct B — D*rv., B — D*{y,

-By,: Fully reconstructed hadronic decay with machine learning method(hadronic tag)

-Bg: Leptonic tdecays of 7 — evp v,/ uv, v,
Three D* decay channels
D** - D°z*/D*n°, D*° - DxO

Tagged

(Full Event Interpretation)

-Rest of events: No charged tracks, No t® candidates .-~2--Signal
L Vv ," Leptonic T decay
\ ~ o0

-Challenge: Multiple neutrinos in final state
[-Identification of D*tv, D*8v, D**8v

-Low statistics due to hadronic tag

-Advantage:
-[-Cancel many systematics by taking ratio with the same final state particles



R(D*) signal extraction

-Two-dimensional binned likelihood is used to extract Ng_sp«n,, Ngspey
-E-; :sum of energy in calorimeter not used for BB reconstruction

2 . . .
~MZiss = (Peve- —Psoy —Por —Pe) : Missing mass of un-detected particles

B—>D*8v B—>D*tv B—> D**8v
Bell%l simulation B — D*lv Bellell simulation B — D*tv Bellell simulation B — D*lv
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Data-driven validation at side-band

-Signal and background PDF are validated at side-band regions:

g? side band
for B - D*¢™ v,

q° = (pe + pv)* < 3.5GeV/c
below m? threshold
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R(D*) Result

-Post fit distributions with good data/MC agreement:
zoomed

D*tv enhanced

1.5 < M3« < 6.0 (GeV/c?)?

-The first R(D*) results from Bellell:

R(D*) = 0.267

+0.041
—0.039 (Stat.

Major systematics: MC statistics, Ec, PDF shape
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Inclusive measurement of R(X) New

EPSHEP
2023

B(B— XT1v;)
B (B — Xng)
-inclusive: complementary to exclusive analyses of R(D*)

-The first measurement of R(X) = at B factory, 189fb!

-one of unique and high-profile goals of Bellell

-Reconstruct B — X7vr, B — X/, \e* N7,
i

-By,, Hadronic tag

-Bg;,: Leptonic T decays of 7 = evev,/ uv,v,
e(n) momentum'@® > 0.5(0.7) GeV

Any other particles in final state (X)

-Challenge: contamination and modeling of many decay channels
-correct understanding of PDF shapes and background yields:
PDF shapes are calibrated in side-band by using X mass distribution



R(X) signal extraction New

EPSHEP
2023

-Two-dimensional binned likelihood is used to extract Ng_y.» Ngxay
- pBe : lepton momentum in B rest frame

- Miiss 1 missing mass of un-detected particles

-Templates for fitting
-Xtv, X8v

1-Continuum with off-resonant data constraint

-Background from fake and secondaries leptons
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-Post fit distributions show
good data/MC agreement,
including BG dominant bin:

10° events per bin
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R(X) Result New

EPSHEP
2023

~ B(B— X7v,)
) = B(B — X/(v,)

R(X, ) =0.228 * 0.016(stat.) &= 0.036(syst.)
-e only: R(X,,,) = 0.232 =& 0.020(stat.) = 0.037(syst.)
-ponly: R(X,.) =0.228 £ 0.027(stat.) &= 0.050(syst.)

-The first results of R(X at B factory:

Major systematics: MC statistics, PDF shape, BR of B->D**8v

-Consistent with SM prediction

SM prediction

J. High Energy Phys. 11, 7 (2022)

Belle II: ¢

Belle II: u

Belle II: #
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R(X, /u) [PhysRevLett.131.051804]

B(B— Xev,)

B(5 = Xu) at Bellell

-The first measurement of R(X.,,) =
-test LFU of light leptons, e and
-unigue measurement at Bellell with inclusive analysis

Belle 11 JLdt=189fb~!

000 [ 8 Xev Xuv [T
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-Common analysis technique to R(X)
-hadronic tag with a signal lepton

MC tot unc MC tot unc
oiwi0ms  Data ¢

10000F }  pata
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Events per bin

-extract signal from high lepton momentum 5000
-constraint continuum BG by using 2500
beam energy shifted (off-resonance)data 3.,
. NTT 2.0Ff
T3 0.0
% @ -2.0F
=

-Result: p? [GeVic] p? (GeVic]

R(X,,,) = 1.007 £ 0.009(stat) = 0.019(syst)

major systematics: lepton identification

-Most precise measurement in the world, in agreement w/SM. "


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.051804

B—->D*8v angular asymmetries

-Measurement of angular asymmetries of B->D*ev and B->D*pnv

-independent LFU test of light leptons, e and mu 02— o
. 0.221
-tension was reported by [Eur. Phys. J. C 81, 984 (2021)] oanf 11 (I T a
0.18
0.16¢
-Forward-backward asymmetry: o1} ot
. {)-12.,-;m _(I.-ail m,l v I.ar]-. 7_;.-:;4-.' —IVG.)
Appy = Np — Np N.= number of events with cos(8) > 0 Vi) ) Bdpa) - {57) (S -5

Nr + Np Ny = number of events with cos(6) <0

_AAFB — A?B - A%B

-Measure asymmetries with several angles at the first time by Bellell:

Agp: c0SH,

S;: cos2y

Sc: cosxcosB,,
S,: cosxcosB,
Sq: siny cosB,

in W rest frame
-Challenge: precise lepton identification

12


https://arxiv.org/pdf/2104.02094.pdf

B—>D*8v angular asymmetries: Result

-B—>D*8v reconstructed with hadronic tag

-N¢ N are extracted from missing mass of £ | A
un-detected particles in each angular and ¢
energy transfer regions = - +

Belle 11 JLdt=189fb"

1000

¢ Exp Data
I Signal
goo |- BB Background

-1.0 -0.250.250.75 1.25 -1.0 -0.250.250.751.25 2.0
12 2
Z\Jmiss [Gev ]

-Results:
Belle 1T [Cdt =189 b~

_1 Winel. _% W * Wi w
AFB Whigl

S i mon B ——F]

23 e Belle 11 {2023)

" * - [mo tag) »

q. e Belle [2023)

] — I.Julm‘llu.. et al.

q no tag]

Sy

—0.2 —-0.1 0.0 (0.1 0.2 —0.2 —0.1 0.0 0.1 0.2 —0.2 —0.1 0.0 0.1 0.2

A" — Asm AA = A" — A"

statistical errors are dominant
-Most precise measurements in agreement with SM. 13
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Summary

-Tests of LFU are important to search for new physics

-Bellell performed unique LFU tests of semileptonic B decays
with clean environment and known initial beam energy of e*e" collision

-LFU of tand @
{-R(D*): first result at Bellell

-R(X): first result at B factory
-LFU of pand e

-R(X/,): most precise result in the world
-Angular asymmetries of B->D*8@v: most precise results in the world
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Reconstruction of semileptonic B decays

-The kinematics of a B decay with neutrinos can be known through
the full reconstruction of partner B (B,,.) with initial beam energy

-Machine learning based algorithm (FEl) is developed for the tagging
[-“30 kind of hadronic decays (hadronic tag)

-~0.45%(0.30%) B°(B*) efficiency: ~twice higher th%’smethod (FR)

Hadromcally tagged approach w
: -
(1)
S
T
c
(L)
QO ¢
o
% 1000 - + Bellell FEI
11 BeIIe FR
0 ' | ' | ' 1
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Beam constrained mass (GeV)

( Comput Softw Big Sci 3, 6 (2019) ) 4¢
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