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BSM search via rare B decays

e b »s(d)is an FCNC transition, which is not allowed at tree level in the standard
model (SM)

o both loop and CKM suppressed (BF ~ 10°)

e BSM models allowing FCNC at tree level or new particles appearing in loop can
change decay branching fractions and/or other observables
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EW radiative penguin b — s£¢ (EW penguin) b — s£¢ (box diagram) A possible BSM model diagram (Z’ model)
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e Angular observables like /expected to be theoretically robust’
e Tension in this variable 2.95 (LHCh measurement?) 1 JHEP 05 (2013) 137

e Belle® has already measured for both electron and muon mode,
o Bonus LFU observables : Qs — _pr

2 PRL 125, 011802 (2020)
3 PRL 118, 111801 (2017)



Asymmetry measurement

I'(B—K v)-T(B—K*y) e SMprediction of branching fraction suffers
CP — T( BRK A+ (B—K*~) from large un.certalntles due t.0 form factors.
Observables like CP (Acp) and isospin (A, )
AL — I'(B°—»K")-T(B"—K"" ) asymmetries are theoretically clean due to
+0 (B K*9)+T'(B"—K*") cancellation of these form factors.

e The latest measurement by Belle' found evidence of isospin violation at a
significance of 3.1 standard deviations.
e Inclusive measurements® of B — XSy provide a strong constraint on the
charged Higgs mass*
o M(H") >580 GeV at 95% CL

1 T. Horiguchi et. al. Phys. Rev. Lett. 119 (2017) 19, 191802
2Phys. Rev. D 91 052004 (2015), *arXiv: 1608.02344
*0. Deschamps et al. Phys. Rev. D 82 073012 (2010)



Belle Il performance
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e Good performance for lepton and hadron
ID, as well as for photon reconstruction
Still room for improvement, to be achieved

with larger dataset
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B meson reconstruction

A schematic B — KII event at Belle Il
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Selecting final-state particles :

(@)

(@)

Charged track candidates are identified using the
information from particle identification subdetectors
p candidates are reconstructed from ECL clusters
with several shower shape variables

Composite particles:

(@)

K", Ks candidates are reconstructed by combining 4
momenta of their final-state decay products.

Further selection on the invariant mass, vertex fit
quality variables etc. applied

For exclusive analysis, we use following two kinematic
variables to select B candidates

AE = E;, — E

beam

Mbc — \/E*z _p*32




Major backgrounds: a quick glance

Background event

Continuum (ete™ — qq)

%/n faking
v candidate

B - Xs+dy

B . ‘(*n,y

B - Ky

Peaking
Peaking

Peaking

Nature

BDT based
MVA

Irreducible
background

Irreducible
background

Combinatorial

B - J/yK

Semi-leptonic B

decays

m . e'ey

and y* — e'e’

B — D(KTT)1T

B - KT and
B-Kp

Suppression strategy

BDT based MVA

B - KIli

Peaking

Combinatorial

Combinatorial

Peaking

Peaking

Mass veto

BDT based
MVA

Mass veto

Mass veto

Irreducible
background



Continuum (@9) backeground
and 1ts suppression



Event shape variables as the discriminator

8.4

Boosted decision tree (BDT) to suppress background
from light quark (u, d, s and c) events, denoted as qq
The BDT was trained using variables exploiting the
topological differences between signal and background
events.

Example of a discriminating variable R, (Ratio of second to zeroth order
Fox-Wolfram moments)
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Performance of the MVA

Kolmogorov Smirnov probability Signal (Background) : 0.85(0.85)
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Independent classifiers are used to train each mode separately
ROC integral for both signal and background are almost same (no overtraining)
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Candidates / (20 MeV)

Optimization of BDT cut to suppress background

Before BDT cut After BDT cut
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e Optimize the FOM = S/ V(S+B) in signal region

e More than 90% background suppressed at the cost of 7-15% signal.
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Other background
suppression



Backgrounds suppression for B —. KII

e AE and M, help to distinguishing various combinatorial backgrounds
e Typically AE € [-0.3, 0.3] GeV and M, ¢]5.2,5.29] GeV/c* applied
e [Further cuts are applied dependlng on the mode and signal extraction procedure.

B - J/wK bkg can be removed by veto on

M, around  (18/2S) nominal mass

4
35 x10

. UU
[ dd
| . S5

cc

w
o

20 mmm B°B°
mm BB~
| mmm Ktete

Entries / (0.1 GeV)

ol T

-1 0 1 2 3 4
Me+o-[GeV/c?]

5

6

1.8

16
; 14
]
= 1.2}
Te
—~ 1.0}
) 08 -
0
= 0.6F
)
C 04}
w

0.2

0.0
-04 -03 -02 -01 00 01 02 03 104

x10%

Distribution of AE before (left) and after (right) (15/2S) veto

. UU
mm dd
BN S5

(<
mm B°B°
. BB~
. K*utu

Entries / (15 MeV)

—

AE [GeV]

1000 |

-04 -03 -02 -01 00 01 02 03

AE [GeV]

——
-t

0.4

13



Backgrounds suppression for B — Kll: contd..

M. >014 GeV/c? is applied to suppress m® — e'ey
Dalitz decay and photon conversion events.

Event topology for semileptonic B —. DO)lv background.
They are suppressed by MVA with the help of vertex
related variables Signal Track
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Background suppression for B —. K’y

Asymmetric decays of 7° — pp, n - py where
the hard gamma fakes signal candidate.

MVA trained to discriminate photons coming from
hadronic B decays vs. 7%/
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Signal extraction



Signal extraction for B — K*

Signals are extracted usmg an unbinned maximum likelihood fit to AE-M,
2D distribution (K1l and K'll)or to the AE distribution with signal-region
criteria applied on M, (K Y)

Signal, background and peaking (SCF) are three components in likelihood
fit

Belle Il 2021
(Preliminary) Fit to data AE distribution for

‘ J-Ldt -62.81fb" BY _. KO(K'm)y. This result is approved by

Belle Il and published in arxiv-2110.08219
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https://arxiv.org/pdf/2110.08219.pdf

Signal extraction for B — Kl
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Signal enhanced projection of 2D fit along AE (left) and M, . (right). AE € [-60, 40] MeV applied while plotting M, .
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« Signal yield: 8.6 +4~3_3_9 +0.4 (statistical and systematic uncertainty).

« Significance: 2.7 standard deviations

This result was shown in Moriond QCD (2021)



Signal extraction for B — K*lI
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Observable calculation

Branching Fraction

For calculating the branching fraction in data, we use the following relation:

e N, : Number of BB pairs, for the current dataset

B _ Yield

N _X2Xf+—/00(f00/+—)><€

BB

® €

. €
o
o

< {

MC  “data/MC ?

€, 18 selection efficiency in MC

f

data/MC

is correction between data and MC

through particle ID, MVA classifier efficiency

etc.

Mode Signal yield

Signal efficiency (%)

B.F (Fit) x107°

B® —» K*[K*n~]y| 454 +28
BY —» KKy | 50+ 10
Bt - K**[K+tn%y| 169 £18
BT — K**[K3nt]y| 160 417

15.2
L.
4.8
4.2

4.5+03+0.2
4.4+09+0.6
5.0£05+0.4
54+06+04

Results are consistent with PDG within uncertainty

MVA selection, n%/n selection
are the dominant source of
systematics (~4%)
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Stat. precision (%)

Future prospects (radiative B decays)

2.5

1.5

93

: AAcp(B—K*Y)
B ACP(B+%K*+Y)
K [ ACP(BoeK*Oy)
= ® A0+(B_>K*'Y)
\“'
)
N
Tl =3l
"'-"-l'-rf-r.p_,...‘_‘_‘.
PR R SR SR (TN SO SN TN N N SR SRS NN ST SO S N N ! [
0 10 20 30 40 50

Observable Belle Il (50
ab™') Stat.

A, (B-K*) | 0.20%

Acp(B+ ~K*"p 1 0.20%

)

,)Acp(BO ~K*% | 0.30%

)AACp(B ~K* | 0.30%

Belle 1l (50 ab™)
Syst.

0.30%

0.20%

0.15%

0.25%

Integrated luminosity [fo™]

Submitted to the Proceedings of the US Community Study
on the Future of Particle Physics (Snowmass 2021)

Major source of improvement in
systematics uncertainty at Belle 1II:
photon reconstruction (2% — <1%)
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Future prospects (R )
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« Belle has collected 712 th* data
during its lifetime

« By the long shutdown (June 2022),
Belle II will collect roughly similar

dataset.

« Combining both the data samples,
we expect to provide a competitive
result for R,
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Summary

e Focused on some recent Belle II EWP studies where our group has directly
contributed

e (lean environment at Belle II grants us access to unique observables in rare
B decays

e Belle II has continued to record data during Covid-19 pandemic

e Stay tuned for interesting results from Belle II

Thoank You for attention

23



Backup



Advantages of LFV analyses @e'e" collider
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