Radiative and electroweak penguin
B decays at Belle and Belle 11

Debjit Ghosh (University and INFN Trieste)
on behalf of Belle 1l collaboration

FPCP 2024 - parallel session
May 27, 2024

debjit.ghosh@ts.infn.it



mailto:debjit.ghosh@ts.infn.it

Motivation

 FCNC processes are suppressed in SM at tree level. .
BSM particles could enhance decay amplitude f;iij
< < <

as “loop” allows heavy mass exchange. b 5.d b
* new tree level interaction
. : , Expected and observed Invariant B mass with
* reduce GIM cancellation 1n loop corrections ¥ megbn enerey energy teplaced by
. : : difference (AE) beam energy (M;,.)
 Belle (II) 1deally suited: low background, precisely . . _ e
known collision energy, full event reconstruction Z— f ;‘ |
! BB background -
» Dataset: 772 M (Belle) + 387 M (Belle 1I) BB pairs | o Sinal
- ' BB background
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Radiative penguin B decays
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Measurement of B — K*y  Belleli @627
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Measurement of B — py gl ongd. |

. CKM suppressed than b — sy: | V,,|*/| V..|* = 0.04

(-)
. . A — 2I(B° - p’y) =T (B* - p™y)
* Sensitive to flavor dependent new physics ' 2I(BY — pY%) + T(BE — pty)

« 20 tension 1n 1sospin asymmetry (Ay)
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e large B - K*y background: mis-identified K — =
signal extraction fit to My ., M, ., and AE
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B — py: result

BB — pty) = (12871957199 x 107

B(B® — ply) = (1454} 334090 x 1077
) %o

Acp(BT = p*y) = (-8.4132413

Ap= (142511755 %

Most precise measurement
A; consistent with SM at 0.60
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Search for B — yy

Belle + Belle lI
(694 + 362 fb ')
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Electroweak penguin 5 decays
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More reliable than b — s£1¢~: no photon

exchange factorization. B¢ = (5.6 £ 0.4) X 107°

* BSM may significantly increase its 9

* (Challenges: 3 body kinematics with 2 neutrinos
* no signal peaking kinematic observable
* high background with one prompt track

* Relies on missing energy information.
Belle II 1s 1deally suited

* Novel approach: include all companion
B decays (inclusive tag)

 Increase signal efficiency by 50 % over
conventional exclusive tag approaches
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B ™ — KTui: strategy and validation

Two consecutive classifiers with signal kaon, event shape
and non-signal reconstruction information

» Signal efficiency validation with BT — J/yK™
with modified kinematics to match signal

» Various background yield correction from
off-resonance ( X 1.4), K; efficiency ( X 0.83)

e Closure test: B(BY - K77 = (2.5+0.5) x 107>;
PDG compatible: (2.38 + 0.08) x 107>

e Major systematics sources 1n terms of signal strength (u):
* background yield (16%)

* limited sample size for fit model (9%)

» Analysis cross-checked with hadronic tagged B™ — K™ vu:

companion B from hadronic decays
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BT — KTuur: fit

e Fit 1n bins of dineutrino mass (qrzec) and classifier output
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Searchforb — df ¢~ Belle (711 fb™)
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b — df "¢ : result
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Summary

» Radiative and electroweak penguin B decays are prime processes to probe BSM
* Analyses are possible due to Belle (II) unique abilities

 Five new Belle and Belle II results since last FPCP

e B — K*y: new measurement of %, A-p, Ay,. Consistent with WA and SM.
* B — py: world best measurement of B, Ap, A;

o BY — yy: 5 times better upper limit than current world best
e BT —» KTvu: first evidence with 2.7¢ deviation from SM

e b — df¢: world best limits and new searches
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Additional materials
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B — K*y: systematics Belle Il (362 fb™)

Table 3. Systematic uncertainties (%) for branching fraction measurements.

Source KYK*trn |y KYK]y K*T[Ktrly K*T[K{rt|y
B counting 1.5 1.5 1.5 1.5
Table 2. Systematic uncertainties (%) for Acp measurements. /o0 16 16 16 16
Source K¥Ktr7 ]y K*T[KTn%y K*T[K{nT]y 5 selection 0.9 0.9 0.9 0.9
Fit bias 0.1 0.2 0.2 7 veto 0.7 0.7 0.7 0.7
Signal PDF model 0.1 0.1 0.1 ") veto | 0.2 0.2 0.2 0.2
Tracking efficiency 0.5 0.5 0.2 0.7
KDE PDF model 0.1 0.4 0.2 —+ selection 0.2 _ _ 0.2
Best candidate selection 0.1 0.5 0.2 K selection 0.4 — 0.4 —
KTt asymmetry _ 0.6 _ K(S) reconstruction — 1.4 — 1.4
4 7V reconstruction — 3.9 3.9 —

T asymmetry — — 0.6 ) ,

4 X requirement 0.2 1.0 0.2 1.0
K™ asymmetry 0.3 - - CSBDT requirement 0.3 0.4 0.4 0.3
Total 0.4 0.9 0.7 Best candidate selection 0.1 1.0 0.6 0.2

Fit bias 0.1 0.9 0.5 0.2
Signal PDF model 0.1 0.4 0.3 0.2
KDE PDF model 0.1 0.8 0.6 0.2
Simulation sample size 0.2 0.8 0.4 0.5
Self-crossteed fraction — 1.0 1.0 —
Total 2.0 5.4 4.9 3.2
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Belle + Belle I}

B —> py: SyStematiCS (711 + 362 fb ')

Source B+, X 10° 5o, X 10° Ar  Acp
Particle detection 4.1 1.3 1.4% 0.5%
Selection efficiencies 9.0 3.4 4.0% 0.5%
Fixed fit parameters 1.1 2.7 1.8% 0.2%
Signal shape 4.7 3.0 3.1% 0.5%
Histogram PDF's 1.0 0.6 0.5% 0.1%
Peaking K*~ bkg 3.4 54 3.1% 0.1%
Other peaking BB bkgs 2.2 0.8 0.9% 0.2%
Peaking BB Acp 0.1 <0.1 01% 1.0%
Number of BB’s 1.7 1.4 0.3% 0.1%
- 0.1 <01  0.2% <0.19
o/ foo 4.0 3.6 3.8% <0.19
Total 12.5 3.0 7.5% 1.4%
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Belle + Belle |l

0 . :
B — yy: systematics 694 + 362 fb- )

TABLE II. Summary of multiplicative systematic uncertain-

ties.
Source Belle  Belle II

TABLE I. Summary of additive systematic uncertainties. (%) (%)
Source Belle Belle 11 Photon detection efficiency 4.0 2.7
(events) (events) MC statistics 0.4 0.3

Fit bias 1+0.14 +0.10 Number of BB pairs 1.3 1.5
PDF parameterization o8 oS fo° | 2.9 2.9
Shape modeling +0.06  +0.04 C(])BDT requirement 0.4 0.9
Total (sum in quadrature) oS o, " /m veto 0.4 0.6

Timing requirement efficiency 2.8 —

Total (sum in quadrature) 5.7 4.1
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BT — KT vi: systematics  Bellen@62b7)

TABLE 1. Sources of systematic uncertainty in the I'TA, corresponding correction factors (if any), their treatment in the fit,
their size, and their impact on the uncertainty of the signal strength p. The uncertainty type can be “Global”, corresponding to
a global normalization factor common to all SR bins, or “Shape”, corresponding to a bin-dependent uncertainty. Each source
is described by one or more nuisance parameters (see the text for more details). The impact on the signal strength uncertainty
o, 1s estimated by excluding the source from the minimization and subtracting in quadrature the resulting uncertainty from
the uncertainty of the nominal fit.

Source Correction Uncertainty Uncertainty Impact on o,
type, parameters s1ze

Normalization of BB background — Global, 2 50% 0.90
Normalization of continuum background — Global, 5 50% 0.10
Leading B-decay branching fractions — Shape, 5 O(1%) 0.22
Branching fraction for Bt — K"K K} q° dependent O(100%) Shape, 1 20% 0.49
p-wave component for BT — KTKJK} q° dependent O(100%) Shape, 1 30% 0.02
Branching fraction for B — D** — Shape, 1 50% 0.42
Branching fraction for BT — K nn q° dependent O(100%) Shape, 1 100% 0.20
Branching fraction for D — K X +30% Shape, 1 10% 0.14
Continuum-background modeling, BDT. Multivariate O(10%) Shape, 1 100% of correction 0.01
Integrated luminosity — Global, 1 1% < 0.01
Number of BB — Global, 1 1.5% 0.02
Off-resonance sample normalization — Global, 1 5% 0.05
Track-finding efficiency — Shape, 1 0.3% 0.20
Signal-kaon PID p, 0 dependent O(10 — 100%) Shape, 7 O(1%) 0.07
Photon energy - Shape, 1 0.5% 0.08
Hadronic energy —10% Shape, 1 10% 0.37
K} efficiency in ECL —17% Shape, 1 8% 0.22
Signal SM form-factors q° dependent O(1%) Shape, 3 O(1%) 0.02
Global signal efficiency — Global, 1 3% 0.03
Simulated-sample size — Shape, 156 O(1%) 0.52
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