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Lepton flavor universality

A In the Standard Model, the electroweak couplings between
leptons and gauge bosons do not depend on the lepton flavor

I The difference of the branching fraction comes from the difference of
the mass, i.e. helicity suppression and phase space.
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Tests of lepton flavor universality

A Decays oo / (Obosons
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b Sensitive to new physics
because the massived3jeneration
wquarkand T lepton are involved.
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Hint of new physics i®°  JHtee decays
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O andt polarizations i © 'Ot

Observable which could distinguish the type of new physics:
Longitudinal polarizations

Al (’OZ) E Zi E Zi 3 (O): decay rate witht helicity _ -
A “OZ Z( ) Z
(%)

3(O° ): decay rate ofongitudinally
(transversely) polarize@

New physics scenari@sys. Rev. D 87, 034028 (2013)]
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Belle measurety(0),'Y O and0 (O), and
IS still active in producing new results.



The Belle experiment

A Collected 772 x P® 6 events at KEKB factory (199810),

asymmetricQ Q collider aty/i 10.58 GeV, in Japan.
i QQ O | (1t )Y 006 (veryclean and weknown initial state)
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St oy, — A Tracking and momentum
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A | energy meas.



O 0 O’ T 'reconstruction in Belle

A Not a rare decay
i LYyaS®6 ©0t') noclefi’R6 © 0 t' ) MODH 02
A but reconstruction oft is challenginglue to multiple neutrinos

andneed a high statistics..
A Needfull reconstruction of the event
A Suppress not 6 bkgd. and o /)/'7

misreconstructecevents
A quite low efficiency éa 8 /a + \/éy
s A T
Reconstructone of theQa RSOl é Ay 3 S~
1. Hadronically { 0.2%) é‘ > RN -
2. Semileptonically- 0.5%) |5 (5
3. Inclusively{ afew%) G & Select the otheb of the signal decay witl

A a0’

A a charged daughter df
1. Leptonict decay
2. Hadronict decay



Previous results oty O and’Y O

BaBar had. tag
0.440 £0.058 £0.042

Belle had. tag

0.375 £0.064 £ 0.026
Average

0.407 £0.039+0.024

PRD94,094008(2016)
0.299 £0.003

FNAL/MILC (2015)
0.299 +£0.011

HPQCD (2015)
0.300 £ 0.008

HFLAV

Hadronic tag
TO Jbg,

Hadronic tag

1O by

0.2

0.4 0.6

T R

BaBar had. tag
0.332+£0.024 £0.018

Belle had. tag
0.293 £0.038 £0.015

Belle sl.tag
0.302£0.030 £0.011

Belle hadronic tau

Hadronic
1O Jby,

Hadronic

TO Jby
Semileptq

0.270£0.035 £0.027

LHCb muonic tau
0.336 £0.027 £0.030

LHCDb hadronic tau
0.291+0.019 +0.029

Average
0.306 £0.013 £0.007

SM Pred. average
0.258 £ 0.005

PRD 95 (2017) 115008
0.257 +£0.003

JHEP 1711 (2017) 061
0.260 £ 0.008

JHEP 1712 (2017) 060
0.2571£0.005

HFLAV

Summer 2018

TO Jby
Hadronic tag

~

£O R

tag
P tag

nidag

0.2

Only two (direct) measurements with hadronic tag
A Y O with semileptonictag will be added.

R(D*)
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1 4 y Z . . .
0 © O 1T 'with semileptonicag
A Simultaneous measurement of O and'Y (0]
yor) 820 t) _ OECLAI @ ©
(60 0% Jbp IIOIAIEUE ! @
I In the previous result : 'y "’fb
onlyd6 6 © (O /b)(O J/b) ) .
i Addé 6 © (0® /b)(0O® Jb)and (___)<7:
6 6 © (0" /b)(0O® Jb) (5" @
A Analysis with the Belle 1l software framework

i Toreconstrucd we can exploit FEI (Full Event Interpretation;

Multivariate analysisvith BoostedDecision Tree classifier)
A higher efficiency

J
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Close to opening the blinded signal bc



Polarization measurements

Angular distribution oft decay
“Ip 1 5(O)AT-O]

o IO "
8 uEItO

w rest frame

0 — 3 O—m—> O

B can be constrained to lie on the
cone with a half apex angte- :
cOO0 «a a

lwp | |
Boost in an arbitrary direction on the
cone to translatéd | -© to A T-O
in the T rest frame.

AT-O

Angular distribution of>’ decay
-[cO AT &

0 O0E ]
nOZ “OZ p

'O rest frame

6 —)’OZ{{:—-
/ -

[Pros]

i All T decays are useful.
I Not affected by crosteeds oft decays.

[Cons]

I Strong dependence of acceptance on

AT-© andp .
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Result on) (O)

A Hadronic tag
A Twobodytdecayst© “’ ,”’ )

M signal " B>D*/v [ Fake D*and 7 World average
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SM prediction R(D*)
PRD 85, 094025 (2012); PRD 87, 034028 (2013)

V(O) WY ™™ OOAD OUC

PRL 118, 211801 (201
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0 (O) and™O  with inclusive tag

A Select candidates f@@r daughtersO’ b1 O

i 6 O t'T R
Y~ S “ o
AC ©0 ‘\f@“a 5 4
10 0) L') 14 F]L‘) 1 1 F]L‘) 1 1 1 ’ -~ ,/ _—
< v L’I,'L’ T

At o b Rt T
A Reconstruct inclusively fromell the remaining particles
I Proper assignment of the particles without missing should lead to

Dk\/ |0
30 kO ©O Tt

A UseonlyAT1-©  mfor’O meas.

i Strongdependenceof the efficiencyon A | -O
due to the slow from'O’, which is softer at
alargerA 1O .

-1 -0.8-0.6-0.4-0.2 0 0.2 0.4 0.6 0.8 1

I Correct signal yieltbr the efficiency/acceptance c0S(Onel(D*))

—
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Efficiency (au)
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Signal extraction folO measurement

Simultaneous extended
unbinnedmax likelihood fit
to all 9 subchannels in the
U  distrbutionsfor each

of 3 bins ofA 1 -©
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Result o0 presented at CKM2018

O 1 8 (OOA @8to(@ U O

z

cf. iIn SM

i "O T8 (@ T80 [Phys. Rev. D 95, 115038 (2017)]

z

I O 8T P TEBUT (arXiv:1808.03565]

Consistent with SM withing?

N/0.33

160

140+

120
100
80

60

40+

0

20F

N
<

h
Entries 3
Mean -0.5902
RMS 0.2495
¥* | ndf 1.954 /2

p0 0.5961£0.0779

L

_Iijlllill]lllllIlI!IlIIlIlIIlIlII tlllllllllllll
1 -09-08-07-06-05-04-03-02-01 0

cosO, (D7)



Search foo ©

A InsM (8 ©* 'T)

A More precise SM prediction of
; (( S ))than‘Y (0N
A Untaggedinclusive) method
I Selecta muonand check that
the rest of event resembles

- ocouyb
v\lé ) 4
re’” T

(6 0D
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Significance: 231
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Prospects fod © 'O° T ’at Belle

Composition of the systematic uncertainties in each Belle analysis

Belle (Had, /) Belle (Had, ¢7) Belle (SL, /7) Belle (Had, h™)

Source Rp Rp- Rp- Rp-

MC statistics 4.4% 3.6% 2.5% T5o%
B — D** (i, 4.4% 3.4% 0% 2.3%
Hadronic B 0.1% 0.1% 1.1% 2%
Other sources 3.4% 1.6% fi:i“ 0 5.0%
Total 71% 5.2% f%:g% fé%o%

G¢KS . StfS hrKivi8OR BO&GEN

A The uncertainty due to the MC statistics is reducible.

I MCstat affectsthe estimationof the reconstruction efficiency,
understanding of small crodeed components and PDFs for the fit.

A The uncertainties fronh (6 © 'O* /by, O decays and
hadronico decays have to be reduced.

i Needdedicatedmeasurements ob © 'O “/bpand hadronidd decays
with a large data sample.
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Prospects fod © 'O° T ’at Belle

A Belle 0.77X%10°66 A Belle IK50x10°60 (50 a8t in 6yrs)

0_5_||||||||| IIIIIIIIIIIIIIIIIIIIIIII ] 1_ LA I B B ]
045:_ :Egltljir(jombination _: : 2::I:r:°::$t::nss094025:2012:,PRnsmaa,ozsnzom :
- — \%\zﬁz Combination - 0.5~ Sealar H
04:— - 5M prediction: PRD92 054410 (2015), PRD85 094025 (2012) —: : :::;er} PRDST 034028 (2013) :
0.35F- - - —
0.253— = —f i ‘\. // ]
025...1 ..tL.JrS.I ........ Lo by Lo v s E :. [ T B .\.. L L. :
' 025 03 O. 35 04 O 45 05 0. 55 0.6 _6.2 025 0.3 0.35
R(D) R(D*)
Expected precision (stat and syst) In addition, and other
5ab™1 50 ab™! distributions of kinematic
Rp  (£6.0£3.9% (£2.0+2.5)% observables to discriminate
Rp-  (£3.0+£25)% (£1.0+2.0)%  the new physics scenarios.
P,(D*) 40.18£0.08 +0.06 &= 0.04 .
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Search fow© it T atBelle I

The anomalies seen in

Phys. Rev. Lett. 120, 181802 (2018) ~Y O(, : Y U;rr , YU © an_d_ _
wO i‘ ° suggest a possibility
of huge effects of lepton flavor
universality violation in
@O it T (FCNC penguin).

U p 1T enhancement of
the branching fractions



