Chapter 19 ®)
b — s{{ Decays at Belle oo

S. Choudhury, S. Sandilya, K. Trabelsi, and Anjan K. Giri

Abstract The observable Rx which is the ratio of branching fractions for B —
Kup to B — Kee, tests lepton flavor universality (LFU) in the standard model
(SM), and hence constitutes an important probe for new physics (NP). We report
herein a sensitivity study of Rg in B — K¢/ and of the equivalent R (J/y)in B —
K J /vy (— ££). The latter is measured with Belle’s full data sample of 772 x 10° BB
pairs and the result is consistent with unity. In a variety of NP models, lepton flavor
violation (LFV) comes together with LFU violation. We also report on searches
for LFV in B — Kue and B — Keu modes. Belle has recently measured LFV
B® — K*¢¢ and the most stringent upper limit is found.

19.1 Introduction

The flavor changing neutral current (FCNC) decays B — Kup and B — Kee
involve the b — s quark-level transition and are forbidden at tree level in the SM.
These type of reactions are mediated through electroweak penguin and box dia-
grams, shown in Fig. 19.1. These processes are highly suppressed, have very small
branching ratio (%), and are very sensitive to NP. NP can either enhance or suppress
the amplitude of the decay or may modify the angular distribution of the final state
particles. The variable Ry is theoretically very clean as most of the hadronic uncer-
tainties cancel out in the ratio. This observable is measured by LHCb [1] and the
result shows a deviation of 2.6 standard deviation in the bin of 1 < ¢ < 6 GeV?/c*
(¢* = invariant-mass square of two leptons), measured for a data sample of 1 fb~!.
The Ry is again measured by LHCb [2] for a data sample of 3 fb~' for a bin of
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Fig. 19.1 Penguine diagram of B — K¢/ in SM (left) and Beyond SM (right) scenario

1.1 < g% < 6 GeV?/c? having 2.5 o deviation. Earlier Belle [3] had also measured
R for the whole g2 region using a data sample of 657 x 10° BB pairs and the
result was consistent with unity having very high uncertainty. The deviation from
SM expectation in Rg or Rk~ from LHCb result may possibly show LFU violation.
LFV is also an important probe to search for NP, where, LFV and LFU violation are
complimentary of each other.

19.2 Monte Carlo (MC) Simulation

Our selection is based on, and optimized with an MC simulation study. One million
signal events are generated using the BTOSLLBALL decay model [4] for LFU
modes and phase-space for LFV modes with the EvtGen package [5]. The detector
simulation is subsequently performed with GEANT3 [6].

19.3 Event Selection

We reconstruct B — K ££(") by combining a kaon (charged or neutral) with two
oppositely charged leptons. Here, £ can be either electron or muon. The impact
parameter criteria for the charged particle tracks are, along the z-axis |dz| < 4 cm
and in the transverse plane |dr| < 1 cm. Charged kaon are selected based on a
ratio L(x;y = Lgx/(Lx + Ly), where Lx and L are the individual likelihood
of kaon and pion, respectively. For our selection, we require Lg,, > 0.6, which
corresponds to an efficiency of above 92% with a pion fake rate below 10%. Sim-
ilarly, electrons (muons) are selected with L, > 0.9 (L, > 0.9), and these corre-
spond to an efficiency of >92% (90%) and a pion fake rate of <0.3% (<1.4%). The
bremsstrahlung photon emitted by high energy electrons are recovered by considering
energy deposit in a cone of 50 mrad around the initial direction of the electron track.
The K (s) candidates are reconstructed from pairs of oppositely charged tracks, both
treated as pions, and are identified with a neural network (NN). The kinematic vari-
ables that distinguish signal from background are the beam-energy constrained mass
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My = \/(Ebeam/cz)z — p%/c? and energy difference AE = E — Epeam, Where, Ep
and pp are the energy and momentum of B candidate, respectively, and Epe,y, is the
beam energy. Events are selected within the range of 5.20 < My < 5.29 GeV/c?
and —0.1 < AE < 0.25 GeV.

19.4 Background Rejection

The main sources of background are continuum (e*e~ — ¢¢) and BB events. We
find that some event shape and vertex quality variables can well separate signal from
background. An artificial neural network (NN) is developed using an equal number
of signal and background events, where the latter is taken from continuum as well
as BB samples according to their luminosity. The NN output (NN) is translated to
NN’ using the following transformation

/ (NN — NN, min)
NN = ——MM

(NN max — NN )
Here, NN,,;, is the minimum NN value, chosen to be —0.6. This criterion reduces 75%
of the background with only 5-6% loss in the signal efficiency. NN,y is the maximum
NN value, found from signal MC. The NN’ distributions Fig. 19.2a, integrated as well
as for different g2 bins, are shown in Fig. 19.2b. It has similar shape for different ¢>
regions in signal and backgrounds.

The peaking backgrounds which pass these criteria are mainly coming from B —
J /¥ K because of misidentification and swapping between the leptons or lepton and
kaon. These backgrounds are removed by applying invariant mass cut around J /v
mass region. The backgrounds coming from B* — D°(— K*x~)n* due to lepton
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Fig. 19.2 (a) NN’ distribution, where the red histogram represents signal MC, deep green and blue
histograms are continuum and B B background, respectively. (b) NN’ shape for different ¢2 regions
in signal MC events
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candidates are faked by pions, and are removed by applying invariant mass cut in D°
mass region.

19.5 Signal Yield Extraction

We perform a three-dimensional (3D) fit with My., AE, and NN'. The signal of
AE is modeled with Crystal Ball (CB) and a gaussian function. Similarly, M,
and NN’ of signal are modeled with Gaussian and bifurcated gaussian-gaussian,
respectively. For continuum background, the AE, M), and NN’ are modeled with
chebychev polynomial, argus function, and Gaussian, respectively. Similarly, the B B
background is fitted with exponential, argus fuction, and gaussian for AE, M., and
NN’, respectively. From the 3D fit, the Rx (J /) is found to be consistent with unity
and B — K J/y(— £¢) is used as a control sample for B — K ¢£. The fit result for
BT — K*tutu isshowninFig. 19.3. The signal enhanced projections are shown in
Fig. 19.4. Candidate events with M. > 5.27 GeV/c?, |AE| < 0.05GeV and NN’ >
0.5 are considered to be part of the signal region.
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Fig. 19.4 a My, projection in the AE and NN’ signal region b AE projection in the My, and NN’
signal region, and ¢ NN’ projection in the My. and AE signal region for the bin of 1 < ¢ < 6
GeV2/c* for Bt — Ktutu~
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19.6 Results

19.6.1 LFU Test

The statistical uncertainty of Belle for the whole ¢ region measured for a data sample
of 605 fb~! was 0.19 [3]. For this analysis, the expected uncertainty for the bin of
1 < g% < 6 GeV?/c* is 20%, which is represented by a violet box in Fig. 19.5, here
we have considered LHCD result as central value. The expected statistical uncertainty
of Ry for the whole ¢ bin is 10%.

19.6.2 Search for LFV

The modes that we are studying to search LFV are BT — K*ute™ and Bt —
K*u~et. We extracted the signal from these modes by performing 3D extended
maximum likelihood fit as that of LFU modes. The signal enhanced projection plots
for B — K*u"e™ is shown in Fig. 19.6. The upper limit is estimated from NS(Z,L),

efficiency () of particular mode and number of B B pairs (N 3), which is represented

by a formula
L)
RBUL) _ Nsig
Ngp x €

Our estimated upper limit for LFV Bt — KT ute™ and Bt — KT pu~e™ are
<2.0x 1078 and <2.1 x 1078, respectively, as tabulated in Table 19.1, and these
results are one order of magnitude better than that of the PDG values.

Belle [7] has recently searched LFV B — K*0¢¢’ decays, where £ = 1 or e
with full data sample. In this analysis, strong contribution from contiunnm and BB

Fig. 19.5 Expected -e-LHCb -m-BaBar -4 Belle ™ Our estimated
sensitivity of Rk for a bin of v 2——— 7 1__‘-‘”"“‘”?&'“"

1 < g? < 6GeV?/c*. Here, < E LHCb ]

we have considered the L ]
LHCD result as central value 1.5 B - ]

and the violet box represent
our expected uncertainty

E-q ] SM

0- 1 1 1 1
0 5 10 15 20

q% [GeV?/c4]




138 S. Choudhury et al.

iy 11 e |

0 Leviat L
52 521 522 523 524 525 526 527 528 5.29 01 005 0 005 01 015 02 025 10 8 6 4 2 0 2 4 6 8 10

Entries
Entries
Entries

M, (GeVic?) AE (GeV) NN'

(2) (b) (©
Fig. 19.6 Signal enhanced projection plots for BY — KT uTe™ mode. a My projection in the

AE and NN’ signal region b AE projection in the My, and NN signal region, and ¢ NN’ projection
in the My and AE signal region

Table 19.1 Upper limit estimation in MC for LFV B — K¢¢' modes

Mode & (%) N;Z,L) 2UD 10-8) | PDG 2 (10~7)
Bt — K+ute= 293 44 2.0 <13
BT — Ktu~e™ |30.0 4.9 2.1 < 0.9

background is found. So, we have used two stage NN to suppress the backgrounds.
The signal is extracted by performing extended maximum likelihood fit to M;, but no
evidence of signal is found and upper limit is estimated. The upper limits are <1.2 x
1077, <1.6 x 1077, and <1.8 x 107 for B® - K*%ute™, B - K*u~e*, and
B? — K*0u*e¥, respectively. These observed limits are most stringent to date.

19.7 Conclusion

Several anomalies in B decays indicates lepton non-universal interaction. The LFU
test is an extremely clean probe to search for NP as most of the hadronic uncertainties
cancel out in the ratio of Rx. Many theoretical models predict LFV in presence of
LFU violation. Belle has recently search LFV B? — K**u*eT and most stringent
limit is found. Belle [8] will publish soon the result of Rg and LFV B¥ — K*pteT
for full data sample of 711 fb~!.
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