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Electroweak decays

* b > s/dtransitions forbidden at tree level in SM

q u
|—>occur at loop level eff ~ A ZC Qi + que Qi — Q)]
. Lorgltl)erinicnhmg fractions — experimentally ) A  VeaVup
eing T ViV
* cleartheoretical predictions — sensitive
probes for NP contributions
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Belle&Belle ||

« KEKB > SuperKEKB Belle |l detector
i e+e_ - Y(4‘S) - BE KL and muon detector

Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC

J_Wh (end-caps , inner 2 barrel layers)
e A

EM Calorimeter J

Csl(TI), waveform sampling electronics E

* Known initial state, clean environment — \ |

L

« ete™ - qg - continuum background (x5 times of BB)

Particle Identification
Time-of-Propagation counter (barrel)
Prox. focusing Aerogel RICH (forward)

electrons (7 GeV)

AE = EE — E;eam Vertex Detector i< o

2 layers Si Pixels (DEPFET) +
Mac = | Biean)? — 9312

4 layers Si double sided strip DSSD IR

s S positrons (4 GeV)
Central Drift Chamber

Smaller cell size, long lever arm

m Signal 14| ®=m Signal

1001 e Continuum [ Continuum
12

80
10 Belle Belle ll

60 8 -1 -1 *

On-res 711 fb 365 fb

40 .
4

2 Off-res 90 fb 1 42 fp~1
2

524 525 5.426 527 528 529 530 0—0.20 -0.15 -0.10 -0.05 0.00 0.05 0.10 0.15 0.20
Beam-constrained mass, GeV AE, GeV

*some analysis quote 362 fb~!
Nadiia Maslova, HEPHY Studies of radiative and EWP penguin decays Belle/ll. PPC 2024 3



B - yy

Theory Babar Belle (104 fb™)
« Wboson emitted and reabsorbed prediCtign (x1077) (x1077)
x 10~
* Suppressed in comparisonto B; — yy by factor ( +14)
~25, due to CKM elements hierarchy 147078 3.2 6.2
* No charged particles in final states, only studies at Theory prediction and
B factories previous searches, UL 90%
W
VYV e e R VAVAVAVARA
| q d
-0 : 0 w
B W= Yq B vyd
|
l —
- v 9 _ 8 d
d < L «— N\ Y d < e AYAVAVAVAN 4

Box and penguin diagrams in SM
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B - yy

. L. . 355— Belle J.Ld1=694fh'] ______ ::Tg'mun 4 355— Belle II,dt:ﬁ&M ' 2‘9’:" 4 0L Belle I[,dl=694 ! -~ Signal
» 2 consecutive BDT classifiers trained <ot By _30f B et N Boy RO
0 . . . P: —— Data > . —4— Data Q 25; —+ Data
-~ and continuum rejection 8%t : S0l
< ®© 20F It
. . . . P P 215}
* Overall signal efficiencies N \ a: iz § |
m 10¢ + & 10f @10}
¢ 23.3+0.1% - Belle 5t 5t E TR n
. 308+ 01% - Belle Il e smz:;m?z; “52 520 %6 05 OMZE?;WMGMM 05 07 02 05 04 &i’é.& 07 08 00 1
. . . 220 pellell [1g-sam’ oanal NIy _[Ld:::.sz B R k| Bellenl J.Ldi=362 ' Signal
e Simultaneous 3D unbinned maximum _2: Py R I3 B e I B g
. . ey . L6k —+— Data S12¢ —+—Data =10F
likelihood fitin AE, My, and Cgpr sel g | A
variables S9! S =i 3 of
2 8 E 6¢ # I
. . . 2 6f 2 LE 3 4t
 Dominant systematics uncertainty - ¢ 1 4» “ of o]
photon efficiency SRR R IR n R TR e e ST e s
M, (GeV/c?) AE (GeV) Capr
: . . B(B" - yy UL on B(B" - yy
 Obtained UL 5 times more restrictive ( ) ( )
than the previous BaBar result Belle (54737 £0.5) x 1078 <9.9 x107°
Belle 11 17557 £0.3) x 1078 <74 %1078
2.4
Combined (3.7:75 £0.5) x 1078 <64 x107®

[Phys. Rev. D 110, L031106]

Combined Belle+Belle Il
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.L031106

B — py

Involves b — d transition - can be affected by NP not present CP-averaged isospin asymmetry
in b — s, BF one order of magnitude smaller

World average for A;: 0.3079:15 Ay
Predicted SM value for A;: 0.052 £+ 0.028

(—13
;U(BY = p%y) — T(B* — p*y)

(—3
T(B? — p%y) + T(B* — p*y)

CP asymmetry

['(B—7)-T(B - pm)
['(B—pvy)+T(B—py)

Tension with SM observed in A;

Acp(B — py) =

u

&

o
=~
&
ISH
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B — py

%25‘_99 s (\525‘_99 —
 Signalmodes: Bt - pt(nn")y, B® - p°(ntn ™)y 3 ol s poelelEen
= 2 :‘JLdt:?n b’ = % E_JLdt=362 o'
« 2 BDT classifiers trained - n° and continuum 3 st P: +
rejection g wf H]l % g 0}
, N i u L) 5
e Simultaneous fitin AE, M. and Mg, (usefulto Ow . \ b il
I’ejeCtB - K*y background) Val’iables 52 521522 523 524 525 5.26 5@3.{2&3\2’3025)3 b2 521522 523 524525 526 52“&}:2&2\2:‘3525}3
* Dominant systematics - selection criteria (data/MC S 1o — S —
. 1] 16:— e O —p 4] —3
agreement after BDTs evaluated in control channels S uE e > [Lassoe
B - Dmand B - K*y) 3 J{ J
¢ aF g
* Obtained result most precise up-to-date 6 ’ N
4
* A;in agreement with SM prediction SO-,;-_';-: sz JT;OI i”“’"és LT
' ' ' ~ AE (GeV) ' ' ' ~AE (GeV}
+ +2.0+1.3 —7
B (B P Fr) o (13 1 —1.9-1. 2) x 10 ‘;5 ‘E EBelle B'—py St bocapoune ‘g a5 Bele Il Bpy
0 0 +1 0 -7 2 °F . s 2 wep L6 "
B (B — P ’}“) — (7 h+1.37 ) x 10 g EJdemb e g o |
o = B8F
Acp (BT = pTy) = (- 82i152+ 5) % t
I 6 TR
+11.2+6. 3+3 8 +F
A1 (B = py) = (10.921,775575%) %, 2 2
%. . 12 18 14 15 %2 09 T i h2 A
- M{Kn) (GeV/c?) (K‘.’t] (GeWcz}
[arXiv:2407.08984] Combined Belle+Belle Il
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https://arxiv.org/abs/2407.08984

b—dlTl”

Belle Belle
[ (e) B" = plete T () B = plete

* 10
« ULfor B — {m,n}*1~ - by Babar and Belle, order of 108 H L%L sf # TT
e Br(Bt »mtup) = (1.78+0.22 +0.03)x1078 - LHCb T e e ST e T s

 Br(B* Ouu) = (1.98 + 0.53)x1078 - LHCb Belle Belle
r(B” = piu) = ( - )% Ff}m — ptete ol ‘(f) Bt = ptete

[
¥
=

B - {mwnpHtl",l=e,u

Previous searches:

Events / [2.5 MeV/c?)
s @
e —

o

=

o
=

[
%
=]
T

J /Y veto and continuum rejection BDT

ha
=

Events / [2.5 MeVic?]

e Simultaneous 2D unbinned maximum likelihood ol ] %
. |
fitin AE, My, . r 0

« Various peaking backgrounds across channels — S .
taken into account in fit . UL(B* > p+e+e‘) — 46.7x10-8

« UL(B* - ptu*tu™) = 38.1x1078
[Phys. Rev. Lett. 133, 101804]

* World’s best upper limits set for 10 decays
* FirstsearchforB - {w, p}l*l”

* Consistent with BFs measured in LHCb Belle
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.101804

* Theoretical prediction free of hadronic
uncertainties, exact factorization:

B(B* - K*v¥) = (5.58 + 0.37) x 1076

* Inclusive tag (ITA) selection:
 BDT1 -to reject vast majority of BB and continuum
* BDT2-to select signal

e et
> <
B+ signal
\ candidate
All remaining
tracks and —
clusters L4 14

ITA

Nadiia Maslova, HEPHY

* Difficult to measure — missing energy of 2
neutrinos — only possible to study at B-factories

 Hadronic tag (HTA) selection:
* Tagside B reconstructed in hadronic channel
via Full Event Interpretation (FEI)
« BDTh -to select signal

e” et

> <

B;ag/

e / \Q@
» /4 \ V v
¥

HTA Belle Il

signal
candidate

Studies of radiative and EWP penguin decays Belle/ll. PPC 2024 9



* Full table of systematics in ITA

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

Normalization of BB background Global, 2 50% 0.90
Normalization of continuum background Global, 5 50% 0.10
Leading B-decay branching fractions Shape, 6 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 —+ KT KK} g* dependent O(100%) Shape, 1 30% 0.02
Branching fraction for B — D** Shape, 1 50% 0.42
Branching fraction for Bt — K'tnn 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 8.5% 0.22
Signal SM form factors q° dependent O(1%) Shape, 3 0(1%) 0.02
Global signal efficiency Global, 1 3% 0.03
Simulated-sample size Shape, 156 0O(1%) 0.52

Nadiia Maslova, HEPHY
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* Sensitive to MC modelling of various background sources (both

ITA and HTA)
* Modelling of continuum

* Data/MC agreement check in off-resonance —a BDTc
classifier trained to reshape distributions + a scaling

Candidates/(1 GeV?/c")
=1

Belle 11
[Ldt=423m"

ce
58

i
dil
TT
Data

NP
-0Hnn

Sim. stat. unc.

factor
— . 0
BB decays modelling
« Bt - K*KPK} - reweighted according to BaBar study £ 0
e B->D- KLO - scaling for this type of events defined 0 oo b 20
from pion-enriched data sample iec [GeV7/¢']
* Uncertainties of BFs of other B decays — as a systematic 6000 ] 3 Belle 11 [ £dt = 362fb '
uncertaint = |
y § 5000 / E 1000
» Signal efficiency verified using embedded sample (kaon g 000p N
candidate reconstructed from B — KJ /1 decay in data and 2 smf| & ol o 0
. : = . : .
Comblned Wlth RO E) .% 2000 - BDTZ (B-Drrl > 0.9 \
© 7Bt - K+ Jfy simulation § Bt — K+ 7/ data
1000 7/ CIB' —» K J4F simulation ¢ B! K1 LAF data \
0 |- BI - Ktvp H1|LnulaL1011 " ___‘_!__{'\
0.0 0.2 0.4 0.6 0.8 1.0
BDT,
Belle Il
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Combined fit result:
Br(Bt - K*vv) = (2.3 4+ 0.7)x107>

First evidence with 3. 50 significance and 2. 70
deviation from SM

P [Ldt—(362+42) !

:
I Continuum

Candidates
Candidates

Pull

Pull

4 8 251 4 8 2501 4 B8 2501 4 8 25

Grec [GeV?/c']
ITA — postfit in off- and on-resonance data

Nadiia Maslova, HEPHY

2D binned maximum likelihood fit - in bins of g% and
efficiency quantilesn = 1 — e(BDT,)

0.92

3000

2000

1000

Studies of radiative and EWP penguin decays Belle/ll. PPC 2024

ITA fit result:

Br(Bt - K*vv) = (2.7 £ 0.7)x107>
HTA fit result:

Br(BT - K*vv) = (1.11120.7)x1075

[Phys. Rev. D 109, 112006]

Average
‘l 14

D [Cdt=(362+42)0) EEE BT oKt w

—_——

_c*_

H Continunnm

]
1
1
1
1
1
1
| — 00—
1
I
1
I
1
1

Belle I

(362 fhl, combined)

Belle II {362 fh'!, hadronic)
1 hi= analysis

Belle IT (362 fh!, inclusive)
27407 This analysi
Belle 1T (63 fb!, inclusive)
1 T PHI [E.1 1.

Belle (711 fb!, semileptonic)

k1 4 8 2501
Grec [GeV? /']

—T

1 104 o PRTEE Q0110

! * Belle (711 fb', hadronic)

: Ta4 L6 PRDAT, 101108
| BABAR {-‘“8 fh!, semileptonic)

: D24 08 PROSZ 113002 .
i BABAR (429 fb ', hadronic)

1 L5413 PPHDST. 11005

11 N 1

2 6 B

10° x Br(BT—K " vi)

Belle Il



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.112006

Summary

e B-oyy 5 times more restrictive limits than BaBar
* B> py A; in agreement with SM
* B-dll most stringent limits, first search for several modes

B - Kvv first evidence (3.50 ) in Belle ll, 2.70 away from SM

Thank you for attention!
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B — py

TABLE II: Systematic uncertainties on the branching frac-
tions for BT — pt~ (B,+.,) and BY — p% (B,o.,), and on

the isospin and CP asymmetries.

Source B, x10° Bo x10° A; Acp

Particle detection 11 13 14% 05% CEL

Selection criteria 9.0 3.4 4.0% 0.5% 0 01 0208 04 05 06 07 08 B8 1

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% - — oy

Peaking K*~ bkg 3.4 5.4 3.1% 0.1% 10! £ b

Other peaking BB bkgs 2.2 0.8 0.9% 0.2% i I

Peaking BB Acp 0.1 <01 01% 1.0% 10 e

Number of BB’s 1.7 1.4 0.3% 0.1% f

T+ [Tgo 0.1 <0.1 0.2% <0.1% R

f_|__/f|][| 40 36 38% {Ul% 0 01 02 03 04 05 06 07 08 DBT:)T‘:

Total 12.5 8.6 7.5% 1.4%
FIG. 1: Distributions of BDT, for simulated data, for Belle
(top) and Belle II (bottom). The solid red histograms are
B — pv, the dotted blue histograms are B — D= and the
points are the B — D" with M (7~ ) correction.
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B? - yy

Source

Fit bias

PDF parametnzation

Shape modeling

Total (sum mn quadrature)

TABLE 1. Summary of additive systematic uncertainties. TABLEII. Summary of multiplicative systematic uncertainties.
Combined Belle  Belle L Combined

(events) Source (%) (%) (%)

+0.12 Photon detection efficiency 4.0 2.7 35

0 Simulation sample size 0.4 0.3 0.3

£ 2.5 2.5 25

iy ¥ Cypr Tequirement 0.4 0.9 0.6

°/n veto 0.4 0.6 0.4

Timing requirement efficiency 2.8 2.7

Total (sum i quadrature) 5.7 4.1 5.2

Nadiia Maslova, HEPHY

Studies of radiative and EWP penguin decays Belle/ll. PPC 2024
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b—-dl™l

TABLEL BU-forb — de'e”,b — du'p~,and b — d¢'' ¢~ decays. The columns correspond to decay channels, signal yields (N ),
90% CL signal yield upper limits (N_};Ji;), data-MC difference corrected signal MC efficiencies (g), branching fraction 90% CL upper

limits (BYY), previous branching fraction 90% CL upper limits (Previous BYY), branching fractions (B), and branching fraction
theoretical predictions (Theory B).

Previous Theory
Channel Nig NSx &(%) BYL (107%) BUL (107%) B (107%) B (107%)
B’ - nete” 0.0%}5 3.1 3.9 <105 < 10.8 [23] 0.0+ + 0.1
B - quty 0812 4.2 5.9 <94 < 11.2 [23] 1934 1 0.2
B = ntte- 0503 1.8 4.9 <438 < 6.4 [23] 1333 +0.1
BY - wete —().35’_‘52 3.7 1.6 < 30.7 e —2.11%3_‘3 +0.2
B’ - wptu- 1745 5.5 2.9 <249 7.75% 1 0.6
B > wtten .04 3.6 2.2 <220 6.4%7 £0.5
B - nlete” —2.94% 4.0 6.7 <79 < 8.4 [23] -5.85384+05
B® - 2%ty —0.5+38 6.1 13.7 <59 < 6.9 [23] —0.4432 £0.1 o
B — Opte- —1.8116 2.9 10.2 <38 <53 (23] -23721 £ 0.2 0911035 [22]
Bt - nteter 0.1123 5.0 11.5 <54 < 8.0 [24] 0.127 +0.1 1.96 £ 0.21 [21]
BY - plete~ 5.6132 10.8 3.2 <455 2361148 + 1.1
B = ptete” 44135 5.3 1.4 < 46.7 —38.2103 +£34 4201033 [21]
B > prutu- 3.0140 8.7 2.9 < 38.1 13.01173 £ 1.1 4.031933 [21]
Bt = ptete 04133 3.0 2.0 < 189 e 25415 £0.2 -

Nadiia Maslova, HEPHY Studies of radiative and EWP penguin decays Belle/Il. PPC 2024 17



TABLE II. Sources of systematic uncertainty in the HT'A (see caption of Table |I| for details).

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

Normalization of BB background Global, 1 30% 0.91
Normalization of continuum background Global, 2 50% 0.58
Leading B-decay branching fractions Shape, 3 0(1%) 0.10
Branching fraction for B" - KKK} q° dependent O(100%) Shape, 1 20% 0.20
Branching fraction for B — D** Shape, 1 50% < 0.01
Branching fraction for Bt — K'nn q> dependent O(100%) Shape, 1 100% 0.05
Branching fraction for D — K X +30% Shape, 1 10% 0.03
Continuum-background modeling, BDT, Multivariate O(10%) Shape, 1 100% of correction 0.29
Number of BB Global, 1 1.5% 0.07
Track finding efficiency Global, 1 0.3% 0.01
Signal-kaon PID p, 0 dependent O(10-100%) Shape, 3 0(1%) < 0.01
Extra-photon multiplicity Nyextra dependent O(20%) Shape, 1 0(20%) 0.61
K? efficiency Shape, 1 17% 0.31
Signal SM form factors q° dependent O(1%) Shape, 3 0(1%) 0.06
Signal efficiency Shape, 6 16% 0.42
Simulated-sample size Shape, 18 O(1%) 0.60

Nadiia Maslova, HEPHY

Studies of radiative and EWP penguin decays Belle/ll. PPC 2024
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x10? x10?

1.0 1.0
B B with DoKX i B B with D—K/X
i Belle 11 B F without U—)HPX I Belle 11 B 5 without U—‘r.fi'rn)f
0.8 [ £dt =362 : | 0.8 [£dt=3621b" - |
- . B Continuum - . B Cootinuunm
i . . {  Data I {  Data
(0.6 A4 Sim. stat, unc, (1.6 A% [im. stat, unc,

0.4

Candidates/(1 GeV?/c?)
Candidates/(1 GeV?/¢?)

0.2 0.2f

0.0 0.0

1.5 1.5 ¢
E é 1.0 ..;.......i-._._....a.--:-.—!.-.-3--:—-—-'—--'1--:»-‘-:.--' oy '/A, % E E 1.0 E"'!"" .,_,_‘,_._,_‘,,,,-#A.Avépr:--hﬁnﬁfﬁf»‘i//(%//?
= e E - " 1 sl 95 - 1

U,:" [ | L M I M | L L L M | M L L L | M i M 05 L | L n i " | L L L n | " i N L | n

0 5} 10 15 0 5} 10 15
W I.) F W
Giec  [GeVZ/c]] Gec |GeV?/c]]

FIG. 10. Distribution of g7, in data (points with error bars) and simulation (filled histograms) divided into three groups
(B-meson decays with and without subsequent D — K} X decays, and the sum of the five continuum categories) for the pion-
enriched sample in the ITA. The left (right) panel shows pre(post)fit distributions. The data-to-simulation ratios are shown in
the bottom panels.
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Nadiia Maslova, HEPHY

50 F Belle 11 B B K TKIK!
! [ Ldt=362fh! b Data
40 A4 Sim. stat, une.

sPlot weights/(1 GeV?/c?)

Pull
.1
s

PRI RS U L L
1.0 1.5 2.0 2.5 3.0 3.5 4.0

M(K{K?) [GeV/e?

FIG. 13. Distribution of invariant K K2 mass in background-
subtracted data (points with error bars) and signal simulation
(filled histogram) for B' — K' K2 K2 candidates. The simu-
lated distribution is normalized to the number of BB events.
The pull distribution is shown in the bottom panel.

50F  Bellell B K
[ [ Ldt=362fh" B B =K KIKD data
40 F Bl B'-SK!K'K  pwave
N t  Data
30 :— | //’ A7 Bim. stat. une.,

sPlot weights/(1GeV?/c4)

Pull
=

h--.-..4_m---w-m-

1.0 1.5 2.0 2.5 3.0 3.5 4.0
M(K TK ) [GeV/c?]

FIG. 14. Distribution of the invariant mass of the KK~
pair from B - KSK* K~ decays in background-subtracted
data (points with error bars) and the sum of the simulated
B" - K{¢(— K'K ) decay (purple-filled histogram), the
s-wave contribution estimated using BY — KT KYKY decays
in data (blue-filled histogram) and the simulated p-wave non-
resonant component (red-filled histogram). The distribution
obtained using B" — K'K2K{ decays in data is corrected
for efficiency and the ratio of the B" and BY lifetimes. The
simulated distributions are normalized to the number of BB
events. The pull distribution is shown in the bottom panel.

Studies of radiative and EWP penguin decays Belle/ll. PPC 2024

20



Nadiia Maslova, HEPHY

15.0

Belle 11 | sM
12.5 [ Ldt = (362 +42) b — HTA
— — ITA
2 10.0 _ = Comhination
g 5
— i
~ 7O
20 i
Ke) i
2 5.0 F
2.5 F
0.0 —= . -

1L

FIG. 16. Twice the negative profile log-likelihood ratio as a
function of the signal strength p for the ITA, HTA, and the
combined result. The value for each scan point is determined
by fitting the data, where all parameters but u are varied.

Studies of radiative and EWP penguin decays Belle/ll. PPC 2024

21



	Слайд 1
	Слайд 2
	Слайд 3
	Слайд 4
	Слайд 5
	Слайд 6
	Слайд 7
	Слайд 8
	Слайд 9
	Слайд 10
	Слайд 11
	Слайд 12
	Слайд 13
	Слайд 14
	Слайд 15
	Слайд 16
	Слайд 17
	Слайд 18
	Слайд 19
	Слайд 20
	Слайд 21

