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[ Test of LFU (Ry) in B — K*/( decays [Belle, arXiv: 1904.02440] ]

Test of LFU (Rk) in B — K¢¢ decays [New] [Conference paper to come]
(Preliminary)

Isospin asymmetry (A;) in B — K¢ decays [New] [Conference paper to come]
(Preliminary)
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Introduction

@ The rare decay B — K(*)¢¢ involves b — s quark level transition, which are flavor changing neutral
currents (FCNCs). These processes occur through penguin loop and box diagrams in standard
model (SM).
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@ Global analysis of B decays hints at lepton flavor non universality.
o These decays are highly suppressed and very small BR (O (10~7)).
o These decays are very sensitive to new physics (NP).

New physics can contribute by:
o enhancing or suppressing decay rates.

o modifying the angular distribution of the final state particles.
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Introduction

o The amplitude of a hadron decay process [arXiv: hep-ph/9806471] is described as:

AM = F) = (F|Hep| M) = (\}% Z VermCi(p)(F|Oi ()| M)
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Operators O; = non-perturbative long distance effects.
i =7 : Photon penguin
i=9,10 : Electoweak penguin

Hadronic Matrix

couplings Elements

o NP can affect SM operator contributions (Wilson coefficients) and/or enter through new operators.
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o Contribution of C7, Co and Cio depends on g? (invariant mass square of two leptons).

dhury (IIT Hyd:




Belle Experiment
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@ The Belle experiment is located at the KEKB accelerator in Tsukuba, Japan.
o Data taking from 1999 to 2010.
o Data collected: 711 fb=1 = 772 million BB pairs.
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Test of LFU (Rj) for B — K*¢¢

o LHCb measurement of
_ B— K*utu)
"~ BR(B — K*ete™)

Rk~ (0.045 < g% < 1.1 GeV?/c*) = 0.667% %L 4 0.03

Ri-(1.1 < ¢* < 6 GeV2/c*) = 0.691% ), +0.05

K+ shows deviations from SM expectation.

o Compatibility with the SM estimated to be at the level of 2.1 — 2.30 for low g° and 2.4 — 2.50 at
central g2 for a data sample of 3fb—1.

o Belle [605 fb—!] measurement for whole g2 region, Rx- = 0.834:0.1740.08, is consistent with SM
prediction.

o BaBar measured for low and high g bins and are consistent with SM with large uncertainty.
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Test of LFU (Rk+) in B — K*{{ decays at Belle [arXiv: 19

@ Ry- measurement with 711 fb—! data sample for different g2 bins.

@ The channels reconstructed for analysis are
BY — K*Ou+pu=, BT — K**putp~
BY — K*0ete—, Bt — K*tete~
@ K* is reconstructed from:
K*0 — Kt~
K*t — K+x0
Kt — Kot
o Multivariate analysis technique (NN) is used to identify each particle type in the decay chain.

e Kinematic variables which distinguish signal from background are

Mye =/ Epop/<* — |p8[?/c*
AE = EB - Ebeam

@ Requirment on kinematic variables:
5.22 < My < 5.30 GeV/c? and —0.10 (—0.05) < AE < 0.05 GeV for ee(uu)

Backgrounds: ) Other
B

Continuum
Jet-like

BB event
N

spherical  signal, >
B

@ NN is used to suppress the backgrounds.
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R} Data fit [arXiv: 1904.02440]

@ Perfomed extended maximum likelihood fit in My to extract the signal.
o Example fit for g > 0.045 GeV?/c*.

° 103.0t1132‘_47 and 139.9t1165‘g events for electron and muon modes, respectively.
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Rj Results [arXiv: 1904.02440]
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o All results are found to be compatible with SM prediction.




Test of LFU (Rk) for B — K¢

@ SM prediction is very accurate. R,({SM) =140 (107?)

o LHCb [PRL 113, 151601(2014)] shows deviation from SM

BR(BT — Ktutu™)
Rk =

=0.7457%%%0 + 0.036
BR(B* — K+ete~) —0.074

in g = [1 — 6] GeV?/c* : 2.60 tension for 3fb~! data sample (2011-12 data).

o LHCb [arXiv: 1903.09252] shows Rk ([1.1 — 6]) = 0.846745%5, 7%.%%, 2,50 deviation for 5 fb—?
data sample (2011 - 2016 data).

o The value of Rk for Belle [arXiv: 0904.0770] was consistent with unity within the uncertainty limit
measured for a data sample of 605fb—".
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Test of LFU (Rk) in B — K (/¢ decays at Belle [New]

Introduction

o This measurement of Ry is with Belle full data sample of 711 fb—!, while the previous
measurement was with 605 fb—1.

@ We perform a multi-dimensional fit using My, AE and background suppression variable
to extract the signal yield.

o We calibrate the signal component with B — KJ /v sample and continuum (e*e~ — qg)
background with off-resonance data sample.

Particle Selection Criteria
o The decay mode reconstructed are Bt — K*¢¢ and B® — Kgéﬁ, where 0 = pu or ee.

o K=, u% and eT particles satisfying PID are selected from tracks near IP. Kg are selected
using K2 displaced vertex properties and with a mass window, 3¢ about K2 nominal mass.

@ The requirement on kinematic variables are

5.2 < Mpe < 5.29 GeV/c? and —0.1 < AE < 0.25 GeV
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Test of LFU (Rk) in B — K (/¢ decays at Belle [New]

Background suppression and NN translation

The irreducible peaking background coming from B — KJ/¢(— ¢¢) and
B — K1(2S)(— ££) are removed by g? veto.

The peaking background are reduced by applying invariant mass veto.

Mode Peaking source Veto
Bt - KTutu~ Bt — D%(— KTm—)nt My+,,~ ¢ [1.8489 — 1.8810]
Bt — Ktutu~ Bt — KTJ/yp(— ptu™) M+~ ¢ [3.06 — 3.13]

B to charmless decays have negligible contribution in all modes.

The NN is trained with some event shape, vertex quality and kinematic variables to
suppress the background from continuum and generic B decays.

The NN output (O) is translated to O’ using the formula

O — Omin

O =log ———M—
%8 Omax — O

NNpin = —0.6 reduces background ~ 75%, with signal efficiency loss of 4 — 5%.
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results for B — K¢ [New]

o Extended maximum likelihood fit is performed in 3-dimensions i.e., M., AE and O’.

@ B — KJ/i(— ££) is used as a control sample to calibrate the signal PDF of B — K¢/.
o Example fit of B — K*pup and BY — Ktete™ for g% > 0.1 GeV?/c*.
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e 137 + 14, 138 £ 15 events in BT — KTutpu=, BT — KTete™ modes.

° 27.34:6‘,_.“_68 and 21.8t76?1 events in B® — K2u"p~ and B — K2ete™ modes.
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Rk, Rk+ and Rko results from Belle [New]

@ Rk+, Rko and Ry are measured for [0.1, 4.0], [4.0 , 8.12], [1.0, 6.0], > 14.18 and > 0.1 g bins.

@ Ry is taken as weighted average of Rx+ and Ryo.
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@ The measurements are found to be consistent with SM prediction as well as LHCb result.

o
O T[T T T
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Isospin Asymmetry (A) in B — K¢ decays

(78 /TR0) X B(B® — K°) — B(BT — K*¢¢)

A =
" (78 J7a0) x B(BY — KO0) + B(B+ — K+1¢)

o BaBar [arXiv:0807.4119] has reported 3.2 o in B — K¢ for low g? bin using 384 million BB pairs.

o Belle [arXiv: 0904.0770] measurent with 657 million BB pairs, show no significant deviation from
null value, o = 1.75.

o LHCb [arXiv: 1205.3422] show deviation in A;(B — Kppu) measured for 1 fb~! data sample, the
deviation below g? < 4.3 GeV?/c* and above g? > 16 GeV?/c* bin more significant. The
significance of the deviation from zero integrated across g2 is 4.4 o.

o LHCb [arXiv: 1403.8044] again show A;(B — Kpu) with 3 fb~! data sample and found negative
asymmetry but the results are more consistent with SM expectation.

' LHCb B =K '
SE LHCb (3 tb™ ') ]
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A results from Belle [New]

o A is measured for B— Kutpu=, B— Kete™ and B — K{+¢~ for [0.1, 4.0], [4.0, 8.12],
[1.0, 6.0], > 14.18 and > 0.1 g2 bins.

o A/(B— K{T¢™) as weighted average of A;(B — Kutp™) and Aj(B — Kete™).
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@ The isospin asymmetry is found for B — Kutpu™ at a level of ~ 2.7¢ for the bin of
1< g% < 6 GeV2/c* and this deviation is ~ 2.50 for B — K{t£+,
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Conclusion

@ The LFU ratio is measured for several g2 bins, including the bin of 1 < g? < 6 GeV2/c*.

@ The new results of Rk with Belle full data sample of 711 fb—! are consistent with SM
prediction as well as LHCb result.

@ Ry~ measurement for different g2 bins are compatible with SM prediction for Belle full
data sample.

@ Aj shows ~ 2.70 deviation for B — Kuu mode of 1 < g2 < 6 GeV?/c* bin.

@ More results to come from Belle and Belle II.
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Table: Rg+, Rko and Rk for different g° bins.

Bin RK+ RKO RK
01<q?<4 092707 £005  157,5+01  0.9575% +0.06
4<q <812 1224% +£007 050743 +£003 081147, £0.05

1<g?<6  1.31793% +007 05374 £003 098757, +0.06
¢*>1418  1.0879% +0.06 1.521% +0.10 1.1179% +0.07
whole ¢? 1.0479% +£0.06 1.25793) £0.08  1.067%%, £0.07

Table: Aj(B — Kup), Ai(B — Kee) and A(B — K££) for different g° bins.

Bin Al(B = Kup) Ai(B = Kee) Ai(B — Kte)
01<g?<4 —0107%2 +001  —0357Q% £0.01  —0.2275% +0.01
4<q?<812  —0337%% +0.01 0.1174%% +0.01 —0.087%%> +0.01

1<g®<6  —0521%% +0.02 —012%8 +£001  —0.30%%"} +0.01
¢?>1418  —0.077%' +0.01  —0.2479% +0.01  —0.13"¢ Y +0.01
whole g2 —0.1574%, £0.01  —0.244+0.11+£0.01 —0.197%% +0.01
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