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Measurements of radiative and electroweak penguin B decays
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Electroweak Penguin Decays

@ Sensitive to new physics contributing to Flavor Changing
Neutral Current
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Belle and Belle Il

[The Belle detector]

<B] ReloDotecter @ Located at KEKB (Tsukuba, Japan)

A | o @ ete” collider at T(4S) (10.58 GeV): e (3.5 GeV) — e (8 GeV)
:s““"‘” = T @ 1ab™' (711 fb™! T(4S) resonance) collected: 1999 — 2010
oo WWJ @ T(4S) — BB: Clean BB events

: N @ Initial state well known
s‘“!“\j,:,_,, R @ eTe” — qq (continuum): Largest background component
e T Largest instantaneous luminosity: 2.1-10% cm™?s™*

@ Located at superKEKB (Tsukuba, Japan) [BELLE2-REPORT-2016-001]

Belle Il Detector

@ ete™ collider at T(4S) (10.58 GeV): e (4 GeV) — e~ (7 GeV)

@ 424 fb! (362 fb~! T(4S) resonance): Run 1: 2019 — 2022 .

@ Csl(TI) crystal calorimeter — better energy resolution ; \;‘ Ll

@ T(4S) — BB: Clean BB events \('[

@ Initial state well known

@ ete™ — gq (continuum): Largest background component

World record instantaneous luminosity: 4.7 - 103 cm—2s7! 3/13


https://docs.belle2.org/record/329
https://docs.belle2.org/record/329
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[The Belle detector]

Belle Detector @ Located at KEKB (Tsukuba, Japan)

Aerogel Cherenkov cnt.

b o @ ete” collider at T(4S) (10.58 GeV): e (3.5 GeV) — e (8 GeV)
S @ 1ab™' (711 fb™! T(4S) resonance) collected: 1999 — 2010

SC solenoid_ 7 f
15T N

s‘“he“; W ﬁiﬁsﬁﬂé;‘;'g,Fe @ e Results ): Largest background component
e ’ USing s luminosity: 2.1-10% cm™%s™?
Located at superKEKB (Tsukuba, Jap combined £ REPORT-2016-001]

ete™ collider at T(4S) (10.58 GeV): datasets |ev) B.e”e“ Dem:?t?r
424 fb™* (362 fb~! T(4S) re |
CsI(TI) crystal calorimeter W
T(4S) — BB: Clean BB events

Initial state well known

e"e” — ¢qg (continuum): Largest background component

World record instantaneous luminosity: 4.7 - 103 cm—2s7! 3/13


https://docs.belle2.org/record/329
https://docs.belle2.org/record/329
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B — ~~ at Belle + Belle Il
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d—«——<«— Yy d—= < Y

@ Decay in SM through loop diagram with W~ emitted and absorbed
@ Long distance penguin contribution

@ Suppressed by factor |Viy|/|Vis| = 0.04 compared to Bs — vy

e SM prediction: B(BO — ’)/’)/) = (14J_r(1)g) .10-8 [JHEP12(2020)169]
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https://doi.org/10.1007/JHEP12%282020%29169

(362 fb™') data
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B® — v~ at Belle 4 Belle Il
[arXiv:2405.19734]
Tasf o a3, | R e fuwe S
. . _ 830 7 —Fit 18 - o
@ Simultaneous fit of Belle (694 fb™") + Belle Il sy | T tu o
BT e :
10 6
o My, — beam constrained mass s 2
- 8, 3 y y 28 5 8. ¥ 3 y
v/(Beam energy)? — (Momentum of B0)2 oo e o
o AE - energy difference o T el B e
(Energy of B?) — (Beam energy) Eha o H
: : £
e BDT trained on 7° and 1 dominated e
a4
events s ‘ 2
. 6 5 . L EO.S -05 04 -03 -0.2 <6.1 (‘) 0:1 0.2 90.6 -05 -0.4 -03 -0.2 70‘.1 0 0‘.1 0.2
@ Signal events: 11.07%3, 2.5¢ significance - seteen SEED
: B3| sote  JLac-ean’ g o | Bag)| seren Juazsamt S
_ 3 Bon ackaroun S By it
@ BYU(B® = ~4y) < 6.4-1078, 90% CL S T S o
§ §8
@ BYL(B® — ) < 4.4-107%, 90% CL N “
.
Upper limit 5 times more restrictive than previous L]
0

(BaBar) measurement [PhysRevD(2011)83]

0102 03 0.4 05 0.6 0.7 08 0.9 1
Cloor

0102 0.3 04 05 0.6 0.7 08 09 1
‘sor

5/13


https://doi.org/10.1103/PhysRevD.83.032006
https://arxiv.org/abs/2405.19734
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B — K*v at Belle Il

Signal:
o B - K[ Ktr ]y o Bt - K*[— Ktn%y
o BY - K*0[— K29y o BT — K*[— KirT]y

e 2D fit on Belle 11 (362 fb~1) data
o My., AE

@
2
3

3

8

8

3 €
2 + Data H ¢ Data
a 400 |- Belle Il — :ﬂt o 3 800 |- Belle Il —_— :L( .
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Charge Parity Asymmetry:

_ F(E — ny) —I(B—= K™y)

A el
F T B oK) +1(B— K*)

Isospin Asymmetry (CP average):

M(B° — K*%) — (B = K**v)
M(B® — K*0y) + [(B+ — K**~)

A=

@ Theoretically clean — cancellation of form
factors

@ Standard Model prediction: A; = (3 £2)% —
(8 £ 2)% [PhysRevD(2005)72] [PhysRevD(2002)539]

@ Previous measurement (Belle):
A =(6.2+£15+0.6+1.2)% — 3.10 Isospin

violation [PhysRevD(2017)119]

B — py

b — dete™
[e]e] o]

B — J/yX Summary
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[Paper in preparation]

@ Branching fractions

o B(B® — K*0y) =

(416 £0.10 +0.11) - 10~°
o B(Bt — K*tq) =
(4.04+0.1340.13)-10°®

@ Charge Parity Asymmetry
° ACP(BO — K*O’y) =
(-32+244+04)%
° ACP(B+ — K*+’y) =
(-1.0+£3.0+0.6)%
o AA=(22+384+07)%

See Yu Nakazawa's presentation for Ks7® [ICHEP2024]
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.72.014013
https://www.sciencedirect.com/science/article/abs/pii/S0370269302021007?via%3Dihub
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.119.191802
https://indi.to/XVyyq
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B — pvy at Belle + Belle Il

Calibration:

Signal: @ B = D [ Kn n|nt

° B° 0 - B
B =plomry B* - D[ K*n |n*

(]
o B+ + +,.0

— P [—>7T T ]fy Y BO N !<4r0[H K+,/T7]Av
("]

BT — K*[— KTny
@ Simultaneous fit of Belle (772 fb™') + Belle 1l (362
fb~') data

o My, AE
o M(Km) — invariant mass of p assuming one
rtisa K
@ Background suppression using 7r°(17) veto and qq
BDT's

B — py

Events/(3.3 MeV/c?)

Events/(20.0 MeV)

Events/(23.3 MeV/c?)

b — dete™ B — J/¢¥X Summary
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[arXiv:2407.08984]
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https://arxiv.org/abs/2407.08984
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B — pvy at Belle + Belle |l

Charge Parity Asymmetry:

_T(B—=p)—T(B—p)

Acp = —=
r(B —py)+T(B—pv)

Isospin Asymmetry (CP average):

B — K*~
oo

2M(B%° = p°7) — (B~ = p*' )
A= =
2M(B°0 — p2) 1+ [(BY/~ = p/7)
@ Standard Model prediction:
A = (5.2+2.8)%

@ World average of A = (3071%)% - 20
from Standard Model

B — py
o

b — dete™
L] o

B — J/yX Summary
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[arXiv:2407.08984]

Signal events:
o 114 +12 Bt — pty
e 99412 BY — p0y
Branching fractions
o B(B" — py) = (13.1135113) - 1077
o B(B® — p) = (7.5713755) - 1077

© Aer = (B p') = (-8275315)%
© A= (B p) = (109°4373)%

Measured Asymmetries are consistent with
Standard Model
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https://arxiv.org/abs/2407.08984
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b — di¢T¢~ at Belle

[arXiv:2404.08133]

Belle Belle
° B/ s Cgannel i BYL(1079) E?‘: (a) B” > nt e Eii @ B St
e o g Bmee | <108 & IRETT
B —wnuTu <94 H Z 10 {
@ Suppressed by factor B® _s Al <48 s * & \ * |
|th|/| Vt5| ~ 0.04 B = weTe™ < 30.7 %5 5% s 5'320[5:%1 %% o1 005 0 el
@ 2D fit on Belle (711 gz - ng;ﬁ < ;g.g Ty e B Y Wi
-1 — wll™ < 22. S 22
fb ) data BO N 7['0€+e_ < 79 E'E * { %15 * * *
° CUrrent beSt upper ||m|ts BO - 7l'0€+1€7 < 338 %2 5 szf tvzs 528 57 07 o5 0 005 01
measured BT — wtete™ <54  _ pa e o pele sEe]
@ World first measurement: B” — plee” 455 %: * T izg (o) 1=t
B > wlt, s pee | <#er i S
Bt — p+€+€7' Bt — p+u+u* < 38.1 5, a‘w } +
BY = flete” Mnlurs <189 L DM Lo
M, [GeVic?] AE [GeV]
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https://arxiv.org/abs/2404.08133
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BOHWW B — K*y
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@ Fully reconstruct B-meson (tag) [arxiv:1807.08680]
o Full kinematic information of
opposite B-meson (signal)
@ Important for B — X4

@ Signal extraction with unbinned likelihood fit

o Double-sided Crystall Ball (+
Gaussian for ete™)

o Bernstein Polynomial
[Comm.KharkovMath Soc.(13)]

Channel Yield

B > [J/Y —eTe ]X | 930+£39
B® = [J/¢p — utu”]X | 766430
BT = [J/v — eteT|X | 1548 450
BY = [J/¢ — pTu”]X | 1503 + 42

Events / (0.0034 GeV/c?)

Pull

Events / (0.0034 GeV/c?)

Pull

B — py

b — dete™
[e]e] o]

B — J/¢¥X
[ Ie)

Summary
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[Paper in preparation]

Belle Il Preliminary 2024

E Belle I Preliminary 2024
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https://arxiv.org/abs/1807.08680
https://www.mn.uio.no/math/english/people/aca/michaelf/translations/bernstein_english.pdf
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B — J/¢¥X at Belle Il

First separate branching fraction measurements (First
time shown)

@ B(B® = J/pX) =
(0.97 £ 0.03(stat) + 0.06(sys)) %, lepton average

° B(BY = J/pX) =
(1.21 + 0.03(stat) & 0.08(sys)) %, lepton average

Differential distributions

@ Probes Quantum Chromodynamics in the
production of J/4

1/B- dB/dP§

1/B- dB/d|cos 64|

100

0.6F

141 B-Xllw ¢ Combined data
12f
10F

08F it

0.0 0.2 0.4 0.6 0.8 1.0

b — dete™ B — J/¢¥X
[e] oe

Summary
o]

[Paper in preparation]

AF
Belle Il Preliminary 20244  jjyse*e- w/o FSR
5 [ Jrdt=362fb"1 ¥ Jly-sutuT wio FSR
B-Xly ¢ Combined data
Combined simulation
08} ++
[ {7
04f
o
02f
toy
0 i i L
0.00 0.60 110 145163 220

P} [GeVi/c]

Belle Il Preliminary 2024 4 jjy—e*e~ w/o FSR
Jcdt=362b1 & Jly-utuT wio FSR

Combined simulation

A +,+
+9+

|cos 64|
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B — J/¢¥X at Belle Il

[Paper in preparation]

14
[ Belle Il Preliminary 20244 /e e wio FSR

1 i IrtlroK_:Msf»fl " . ‘
Lo K |
g, f 1
First separate branching fraction measurements (First R i
time shown) 8% | |
o B(B° = J/i X) = ol |
(0.97 £ 0.03(stat) 4 0.06(sys)) %, lepton average W72 LA )
° B(B+ N J/w X) — P} [GeVi/c]
(1.21 + 0.03(stat) & 0.08(sys)) %, lepton average Pt —x
1.6 K*
Differential distributions 1 ' w— K
@ Probes Quantum Chromodynamics in the %i
production of J/% %0.‘
SO \
0.0 0.2 0 bllcos SHT.é 08 1.0
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Papers covered:
@ B% — ~yy: [arXiv:2405.19734]
@ B — py: [arXiv:2407.08984]
@ b — dlT¢: [arXiv:2404.08133]
Preliminary results:
@ B — K"~ at Belle Il
@ B — J/$X at Belle Il

The results shown used 362 fb~! (Run 1)
@ More Run 1 results are coming

@ Run 2 ongoing — more data to come

B — py b — dete™ B — J/¢¥X
[e]e] o] [e]e)
Int. Lumi (Delivered
[t ( )
5000
Int. Lumi (Delivered)
o0 2021c 2022ab
4000 - Targot Target
o 510fb-!
| 480w
3000 c— i
2000
1000 \ /

0«

20/4/1  21/4/1  22/4/1  23/4/1 24/4/1 25/4/1 26/4/1

Thank you for listening!

Summary
L]

[YY/M/D]
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https://arxiv.org/abs/2405.19734
https://arxiv.org/abs/2407.08984
https://arxiv.org/abs/2404.08133

Tagging Algorithms
L]

B-meson Tagging

Reconstruct one of the B-meson n
, . . B B,
@ Tag-side — Other B is our signal n %(ﬂ _g)
@ Used to reconstruct invisible particles in our > D
signal K
Three methods: =
Inclusive Tag
@ Inclusive tagging €= 0(100)%
. . . Consistency of By,
@ Semileptonic tagging
@ Hadronic tagging § Semileptgnic Tag /DE
K] €= 0(1)4 —B..\[
£ Knowledge of By, e,
b
Hadronic Tag
e=0(0.1)% B//<
Exact knowledge of B,

Aing

b — stt

(o]e]
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https://arxiv.org/abs/1807.08680

B-meson Tagging

Reconstruct one of the B-meson
@ Tag-side — Other B is our signal

@ Used to reconstruct invisible particles in our
signal

Three methods:
@ Inclusive tagging
@ Semileptonic tagging
@ Hadronic tagging
Full Event Interpreter (FEI) [arxiv:1807.08680]:

@ Uses > 200 BDTs
@ Reconstructs 10,000 B-decay chains

1/3


https://arxiv.org/abs/1807.08680

Tagging Algorithms b —
o

B — X0 at Belle Il

[arXiv:2012.15394], [arXiv:1709.10308]

300
Belle Il Simulation
Q0 J‘Ld&:lab'i B - XJT
_ > [ signal
B—Xsut . 2 200 19
Measurement of R(X,) = BE=2X 1) 556 in progress = Wss
B(B—XseTe™) ] q
& 150 Oda
Two methods available: £ 100
[
>
@ Sum-of-exclusive modes oS
bt
@ Fully inclusive using ta in 5.2 5.215.22 5.23 5.24 5.25 5.26 5.27 5.28 5.29 5.3
y g tagging M,. [GeVic?]
Expected sensitivity: 18 .
Observables Belle (0.71 ab=1)  Belle Il (5 ab") Belle 11 (50 ab’l) 1.0 .
Rx, ([1.0,6.0] Gev2/c%) 32% 2% 4.0% *
Ry, ([> 14.4] GeV?/c*) 28% 11% 3.4% 05 ¢
3 0.0 . "
. . . . . ZL,E —05
Angular analysis of B — X£¢ will improve constraints on Wilson
.. -1.0
coefficient C9 and C10
Current
15 average
—2.0

T —20 -15 —1.0 —0’;5 00 05 1.0
C;‘ I

44
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https://arxiv.org/abs/2012.15394
https://arxiv.org/abs/1709.10308

Tagging Algorithms
o]

B — J/K

Control check using K resonance in P§ € [1.63,1.72] GeV/c:
B(ee) [%] B(pp) [7] PDG [%]
BT 0.08240.016 0.12240.019 0.102 4 0.002
B® 0.097+0.018 0.07240.015 0.089 4 0.002

b — stt
oe
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