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 FCNC processes are forbidden in SM at tree level. . !
BSM particles could enhance decay amplitude W
as “loop” allows high-mass exchange. b — < «—35.4d }
* new tree level interaction H i J\Nﬁ '
* reduce GIM cancellation 1n loop corrections D - N
u,c,t

» ete™ collision on BB production threshold makes
Belle (II) 1deally suited: low background, precisely Difference between Invariant B mass with

known collision energy, full event reconstruction observed and expected energy replaced by
B meson energy (AE) beam energy (M)
— . Signal _
» Dataset: 772 M (Belle) + 387 M (Belle II) BB pairs | | continuum ; ”
! BB background -
» Today’s topics: 5 L signal
5 E CcTtinuum
o radiative: B — K*y, B — py, B’ — yy : et
B — K *0 +T_ B 0 - K Ofif + 03 02 01 0 01 02 03 52 522 524 526 528 53
’ \) AE (GeV) M,. (GeV/c?)
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https://agenda.infn.it/event/41047/contributions/246985/

Radiative penguin B decays
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B —- K *y Belle Il (365 fb™ )

* Less precise B prediction: more reliably [B— k) -TB=KY '(B° — K'%) — B+ — K™*y)

. . . App = ———— =
predicted CP (Ap) and isospin (A,) T TB- K +TB—KY) T T(BY— K'%) + (B — K*+y)
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https://arxiv.org/abs/2207.06307
https://arxiv.org/abs/1707.00394

Belle + Belle I}
B — LY (711 + 365 fo )

. .o : (—)
Sensitive to flavor dependent new physics . OI(BY — pO) — [(B* — py)
2 2 — =
e CKM suppressed: |V, ,|7/|V,.|" = 0.04 ' 2I(BY — pO) + [(B* — pty)
o large B — K*y background 2 % el By (refminary S % el Bpy (prefminary
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http://arxiv.org/abs/2407.08984

Search for B — yy

Double radiative with Bgy; = (1.47,3) X 107°

Reliable prediction: non-hadronic final state

Suppress off-time photon background

Dominant 7°() — yy from gg background
Fit to M., AL, shape classifier

B(B® — vv) B(B® — vv)

(at 90% CL)

Belle (5.475¢% £0.5) x 10~° <9.9x10°°
Belle 11 (1.7757+0.3) x 107° <74 %1078
Combined (3.7773 £0.5) x 10~° < 6.4 x 1078

Five times better limit than the current world best
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Belle + Belle lI
(694 + 365 fb ')
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https://link.aps.org/doi/10.1103/PhysRevD.110.L031106

Electroweak penguin 5 decays
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Ewdence for BT — K uvi Belle Il (365 fb~')

More reliable than b — s£7¢~: no photon B v 7
exchange factorization. B¢y = (5.6 £ 0.4) x 107° 70 / /- /
W g " -
BSM may significantly increase its 93 1.7 . f
h — < <4— 35 | —< - <4— S
Challenges: 3 body kinematics with 2 neutrinos > uou > u

* no signal peaking kinematic observable
Inclusive tag

* high background with one prompt track
e — Y(4S) «— €™

Relies on missing energy information.

Belle II 1s 1deally suited / \

Novel approach: include all companion remaining

B decays (inclusive tag) S Slg charged 1
. . . S d neut

Increase signal efficiency by an order of magnitude /K i - _ dndrcutid

. . U particles
over conventional exclusive tag approaches 1%



BJr — K™ ui: 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 units of signal strength (u):
» BB background yield (0.90)
* lmmited sample size for fit model (0.52)

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

companion B from hadronic decays
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BT —» KTup: fit

e Fit 1n bins of dineutrino mass (qrzec) and classifier output
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B™ — K ur: result

Hadronic tag:

Inclusive tag:

— 0.9+0.8 -5
B = (1.1109198) 5 10

Excess significance: 1.1o0
SM deviation 0.60

B=0R7T+05+0.5)x107
Excess significance: 3.50
SM deviation: 2.9¢

e Combination: excluded common events
from 1nclusive sample

; : _ 0.5 -5
Combined: B = (2.3 £0.57 ) X 10

Significance of the excess 1s 3.5¢0
2.70 deviation from SM

First evidence of BT — KTui
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- Belle 11
- [ Ldt = (3624 42) fb!

SM
—— HTA
— ITA

— (Combination

SM

0.497 £0.037

Average
1.340.4

Q
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Belle II (362 fb!, combined)

2.3+ 0.7 This analysis

Belle II (362 fb!, hadronic)

1.141.1 This analysis

Belle II (362 fb!, inclusive)

2.7+ 0.7 This analysis

Belle II (63 fb!, inclusive)

1.9+£1.5 PRL127, 181802

Belle (711 fb!, semileptonic)

1.04+0.6 PRD96, 091101

Belle (711 fb'!, hadronic)

29+1.6 PRDS87, 111103

BABAR (418 fb!, semileptonic)

0.24+0.8 PRD82, 112002

BABAR (429 fb'!, hadronic)

1.564+1.3 PRDS87, 112005
I 1 1 1 I
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https://doi.org/10.1103/PhysRevD.109.112006

Searchforb — df ¢~

o Boy < O(107°)

* Suppress peaking J/y and y(2S)
background and fit to AE and M, .

BT — ptpt

BY 5 gVeTe™

BY — 7T0,u+,u_

World’s best limits in all channels. First search for w?
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https://doi.org/10.1103/PhysRevLett.133.101804

Search for B 0 K *OTJ“T_ Belle Il (365 fb ™)

¢+ By = (0.98£0.10) x 1077

 BSM explaining b — ctv anomalies predict a significant
BF enhancement with a 1 pair in the final state

I O Ryw&Ryy 20
| B Rywm&Ryyp 10
B Br[Bs—> 1]

| M Br[B->K"t1]

1 W Br[B-Krr1]

| O Br[Bs—=¢r1]

x 10%

* Challenges:

Br

» Large backgrounds

* No signal peaking kinematic observable due to
multiple neutrinos

* Overcome by nonsignal B reconstruction from
fully hadronic final states
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.181802

B’ - KVt strategy and result

Four final state categories from 777~

pair: £¢, Cn, nrw, pX

BDT trained using missing energy,
residual energy 1n calorimeter,

M(K™), ditau mass (g?), etc.

Signal extraction from BDT score
via simultaneous fit of all categorie

B < 1.8%x 1077 at90% C.L.
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Twice better with half sample size vs. current world best.
Most stringent limit on b — st7 transition
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Search for BY

AB(b — stf) near current experimental limits

» Restrict nonsignal B decays in fully hadronic states

* Reject main semileptonic B background
via restriction on M(K(S)f ) and BDT

« Advantage of one 7 in the final state: compute recoil 5%
2
mass OfT Mrecoﬂ _ MT — (pe+e— — Pk — Pz —PB

« Fit M, .. for signal extraction

<11x107°
<3.6x107°
<15x%x107°
<0.8x107°

at 90% CL

B(BO — KST 7

)
)
—>KST e )
)

Kgfif +

» Forbidden decay. BSM extensions predict LFV

Belle + Belle II
(711 + 365 b )
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N\w12 - Belle+Belle Il preliminary —— Data N\b 12 - Belle+Belle Il preliminary —— Data
210} f Ldt = 711+365 fb" — Globalfit | gt f Ldt = 711+365 fb’" — Gilobal fit
= | N i8e30 Signal = ' —oes3s Signal
o 5 sig =~ - + O. o Sig = &- + O.
s 8 ¢ Background S gl S Background
o | n 9
o 6 - o |
o - (o} 6
o | w 2F
g 4f £ | T A
o - +- ~ O 4} 4 4 S 44| «
> ¢ > F[
LIRSy UL &) L e 1) |
Naaxnimitniad) AL nAN A I i#i i N
: 1 1 1 | 1 1 1 | 1 1 1 | 1 1 I\il 1 | 1 1 1 | 1 1 1 | 1 0 |‘ ‘ l !- I‘\ =l | L ‘ ‘
1 12 14 1.6 18 2 22 24 1 1.2 14 16 18 2 22 2.4
M. (GeV/c?) M. (GeV/c?)
B’— Kitte’ B°— Kore
Belle+Belle Il preliminary —— Data N\w16 - Belle+Belle Il preliminary —— Data
14 f Ldt = 711+365 b — Global fit | 3., F f Ldt = 711+365 fb” — Gilobal fit
9) = N - dAoe04 Signal = ! \ - posno Signal
) 212 o Background 212;‘ sig T T e Background
tag” 210} 10
o | o,
Q. 8F o 8 4+
2 | 26
c 6F c 4
o i e Qo
> I > 4 l
5 4 I | e
21 | | L """ lT T IL 2 ‘ l_f
e T 4 Jr 1] SR ——— LIRSS U5 S e ) SR
0 :-'-I.-Ill—.-ll-ll ----- ;-Il- IIIIIIIIIIIII LL r ----- ‘l-'ll-ll-l-L.-l-ll- IIIII . i ----- — i 1 1 1 | 1 1 1 | 1 1 1 | 1 1 T“'o"i' 1 1 1 | 1 1 1 | 1 1 1 | 1
1 1.2 1.4 16 1.8 2 22 24 1 12 14 16 18 2 22 24
M, (GeV/c?) M. (GeV/c?)

First search for BY — Kgrif + decays

Limits are among the most stringent limits
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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 abalities

» Several new exciting Belle (II) results are shown today with many having world best results

« B — K*y: new measurement of 9%, A p, Ag,.- [Paper in preparation]

* B — py: world best measurement of B, A p, A;. [arXiv:2407.08984]

B — yy: 5 times better upper limit than current world best. [PRD 110. 031106 (2024)]

BT — K up: first evidence with 2.7¢ deviation from SM. [PRD 109, 112006 (2024)]

e b — df¢: world best limits and new searches. [PRL 133, 101804 (2024)]

K o .
e B L K OTT : world best limits. |Paper 1n preparation|

. BY > Kg’[ £: world best limits and new searches. [Paper in preparation]
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http://arxiv.org/abs/2407.08984
https://link.aps.org/doi/10.1103/PhysRevD.110.L031106
https://doi.org/10.1103/PhysRevD.109.112006
https://doi.org/10.1103/PhysRevLett.133.101804

Additional materials
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B — K*y: systematics Belle Il (365 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 + 365 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 + 365 fb- )

TABLEII. Summary of multiplicative systematic uncertainties.

TABLE I. Summary of additive systematic uncertainties. Belle Bellell Combined

, Source (%) (%) (%)
Belle Belle I Combined
Source (events) (events) (events) Photon detection efficiency 4.0 2.7 3.5
1 0.14 0.10 012 Simulation sample size 0.4 0.3 0.3
rit bias o . 1Y, 9. Number of BB 1.3 1.5 1.0
PDF parametrization foxs Lo foa 00 2.5 2.5 2.5
Shape modeling +0.06 +0.04 +0.05 Cgpr requirement 0.4 0.9 0.6
0

Total (sum in auadrature +0.58 +0.30 +0.54 n’ /n veto 0.4 0.6 0.4
( i ) —0.48 —9.52 —V.44 Timing requirement efficiency 2.8 .l 2.7
Total (sum 1n quadrature) 5.7 4.1 5.2
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BT — KT ui: systematics ~ Bellen@6so7)

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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x — - _
B - KVt systematics Belle !l (36577

Tab. XIII: Impact on the fitted p for the main nuisance parameters included in the model,
computed as detailed in |19], for the fit to Run 1 data.

Source Impact on B X 10"
B — D™{/7v branching ratio 0.29
Simulated sample size 0.27
qq norm. 0.18
ROE cluster multiplicity 0.17
m and K ID fg:%
B decays branching ratio 0.11
Combinatorial BB norm. tg:ég
Signal and peaking BB’ norm. f8;8§
Lepton 1D s
T efficiency 0.03
foo 0.02
B-counting 0.01
D — K; decays < 0.01
Signal form factors < 0.01
Luminosity < 0.01
Total i8;:?,‘f
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0.7, - Belle + Belle I}
Ki7~¢ ": systematics  Sefe s Bepe

Table 13: Systematic uncertainty sources summary table.

Belle Belle 11 Combined Systematic U.
Lepton 0.3% for p 0.5% for 0.24% for w
identification 0.4% for e 1.0% for e 0.43% for e
Pion identification 1.0% 1.0% 0.74%
Tag side efficiency 4.9% 5.2% 3.7%
NEOFE veto 1.1% 2.8% 1.2%
¥ reconstruction 0.5% 3.8% 1.3%
BDT 0S,:17.1%, §5,:17.5%
selection ] ] 085.:16.6%, SS5.:19.2%
Signal PDF shape - - 15.7%
. . 0S,:1.6%, SS,:1.4%
Hinearity ' ' 08.:0.8%, S5.:1.4%
Number of BB pairs 1.4% 1.6% 1.1%
Other sources fr=/f°° (2.3 %)+ MC statistics (0.0004%)
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