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Electroweak Penguin and New Physics

e b s asflavor changing neutral current (FCNC), occur in loop/box
level in standard model (SM)

Br (b s) < 10°°

e Sensitive to new physics (NP): new particles such as new vector
bosons, leptoquarks or dark scalar that mediate the decays
e Experimental challenges:

> Require high identification efficiency of electron and muon of
leptons final state

> Impossible to fully reconstruct the event kinematics with b
missing nutritions in the final state



B Factory

(Super) KEKB is an electron-positron collider with
asymmetric beam energies

e VS=10.58GeV @ Y(4S) resonance , BB production threshold

e Hermeticdetector

e Highluminosity

Belle (Il) experiment
e Accelerating by (Super) KEKB
e Operating from 1999 to 2010 (2019-)
e Achieved the work highest peak luminosity
2.018x10%%cm?s! (5.105x1034cm2s7")
e Collected luminosity £ =1 ab ' (0.58 ab ')
e Bellell targeted integrated luminosity: 50 ab’
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K, and u Detector
u 1D efficiency = 90%
a mis-ID rate = 5%

Vertex Detector
o(vertex) = 15 um

Central Drift Chamber
o(spatial) = 100 wm,
o(p,)p,~0.4%

EM Calorimeter Particle Identification
o(E)E= (2~4)% K 1D efficiency = 90%
 mis-ID rate = 5%

BELLE Il detector 5



B Factory

(Super) KEKB is an electron-positron collider with
asymmetric beam energies

e 5=10.58GeV @ Y(4S) resonance , BB production threshold
Initial energy constraint & low background

e Hermeticdetector
Full event reconstruction

e Highluminosity
Dataset used: Belle 772 M BB pairs, Belle 1l 387 M BB pairs

— Large amount of BB pairs and clear topology make Belle (Il) an
ideal place to search for electroweak penguin process.
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Hadronic tagging:
solely uses hadronic B decay channels;
€ =0 (0.1)%, high purity



B Factory

(Super) KEKB is an electron-positron collider with
asymmetric beam energies

e 5=10.58GeV @ Y(4S) resonance , BB production threshold
Initial energy constraint & low background

e Hermeticdetector
Full event reconstruction

e Highluminosity
Dataset used: Belle 772 M BB pairs, Belle 1l 387 M BB pairs

— Large amount of BB pairs and clear topology make Belle (Il) an
ideal place to search for electroweak penguin process.
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Semileptonic tagging:
solely uses semileptonic B decay channels;

€ =0 (1)%, suffers from missing kinematic
information



B Factory

(Super) KEKB is an electron-positron collider with
asymmetric beam energies

e 5=10.58GeV @ Y(4S) resonance , BB production threshold
Initial energy constraint & low background

e Hermeticdetector
Full event reconstruction

e Highluminosity
Dataset used: Belle 772 M BB pairs, Belle 1l 387 M BB pairs

— Large amount of BB pairs and clear topology make Belle (Il) an
ideal place to search for electroweak penguin process.
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Inclusive tagging:
combines the four-momenta of all particles of B
very high efficiency ; high background level



b—>S'V'l7

FCNC process, highly suppressed in SM

Relatively precise rate prediction in SM, compared with b —s #

New particles act as either mediators can enhance the branching
fractions

Experimental challenging: two neutrinos in the final state

Corresponding measurements on Belle (l1):

Recent results in this report: On-going:
B — K"'vv (ITAand HTA @ Belle 1l) B*—> K'vv (ITA @ Belle)
B — Xs vy (HTA @ Belle ) B— K7vv (ITA @ Belle I)

B— K®vv (STA @ Belle 1)

Decay

SM prediction
(10%)

5.22+£0.32

212015

11.27 £ 1.51

9.47 £1.40

29+3

Experimental value (10°6)
(90% CL)

<16 (PDG 2022)
<13 (Belle 1702.03224) STA

<40 (Belle 1303.3719) HTA

<18 (Belle 1702.03224) STA

< 64 (ALEPH 0010022)


https://arxiv.org/abs/1702.03224v3
https://arxiv.org/abs/1303.3719v3
https://arxiv.org/abs/1702.03224v3
https://arxiv.org/abs/hep-ex/0010022v1

D
Evidence for B — K'v » @ Belle |l

everytl«;ng(ITA)
hadronic FEL (HTA)

2311.14647

e Bellell 362 fb™! 1(4S) data \

Inclusive tagging analysis (ITA) , hadronic tagging analysis (HTA)

Btag

Y(4s)

y
K Bsig

e Background suppression:
Binary classifiers (BDTs) exploit the event shape, the missing energy,
the kinematics of K and the features of rest of events

<l

~40% e*e —qq (q=u, d, c, s) and e*e —z"r contribute in the signal region: correct the
normalization and shape

10
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Evidence for B — K'v » @ Belle |l

even/tl«;ng(ITA)
hadronic FEL (HTA)

Btag

2311.14647
| &=
e Bellel1362 b 1(4S) data \
Inclusive tagging analysis (ITA) , hadronic tagging analysis (HTA) v(4s)
e+
> \

e Background suppression:

Binary classifiers (BDTs) exploit the event shape, the missing energy, -
the kinematics of K and the features of rest of events - v
~40% e*e —qq (q=u, d, c, s) and e*e —z"r contribute in the signal region: correct the
normalization and shape 7(BDT>) ,
0.92 0.94 0.96 0.98 1.0
4000 - —— -
. . L. . Belle IT preliminary = ﬁ‘“l; e
Correct/control the major / special BB background that mimic the signal S - e
3000 55 [ B =K “virx50

B— D(—K)lv, B—D(—K )X,
B*—K'K’K’, B*—K'nn(pp),
B*—K"vv and B*—7'(—Kv)v

2000

Candidates

1000

e Signal region: mass square of neutrino pair ¢ and classifier output (ITA) -
-1 4 8 2501 4 8 2501 4 8 25k1 4 8 25

classifier output (HTA) 2. [GeV2/ci]
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https://arxiv.org/pdf/2311.14647v3

D
Evidence for B* - K'v v @ Belle l D

Belle I

2311.14647 Binned maximum likelihood fit
n(BDT))
0.96 0.98 1.0

© alen lS|muItaneous fit to mass square of \n
3 | Zeemipoom e I'heutrino pair ¢* and classifier output |
) E == B'B’
5 2000 P ITA : I
E e 5 IBr(B’ — K+wp) = (2.7+0.7) x 1075 !
© 1000 :

- 2 9 ¢ deviation to SM prediction !
0
& 0 : : :
T°0 4 8 o514 8 21 4 8 2541 4 8 25
e [GeVZ/ ]
125
| Belle IT B B Ktup

— 100 ! JLdt=362fb"" = BB
% B cc | | N
E ~h | N HT. IfFit to classifier output |
ERN |:§|B(B — K*vp) = (1.1712) x 1078 '
S 2 E*_‘—l—\_‘_ \~ consistent with ITAat 1.2 ¢ )

Pull
oo ;o
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D
Evidence for B* - K'v v @ Belle l D

Belle I

2311.14647 Binned maximum likelihood fit
n(BDTS)
0.96 0.98 1.0
© pelen lS|muItaneous ﬁt to mass square of \l oML {iverage
y P [Ldt=(362+42)fh! N B'—K"vi H f 239 fl-l :
3 - : : = BB ITA | neutrmo pair q and classifier output 1 : | —e— Belle II (362 fb!, combined)
_._i g t ‘b’ I ‘ . | _ O: B( 1le II 1 {(y’ ﬂ) ! hadronic)
.g D(:l‘x-‘nmum I:> IBT B- Y Kf’j'j) — (27 i 0.7) X 10—0 1 : L1£11 Thi
= e | : N —o— Belle II (362 ﬂ) , inclusive)
© 1000 i : : 27407 Thio analys
\~ 2.9 o deviation to SM prediction _/ P Belle 1T (63 . inclusive
e _._E_ Belle (711 fb™!, semileptonic)
& 1 LO£0.6 PRDY. 091101
5 E_._ Bcllq (:l'll_ﬂ)",‘ hadronic)
E 0 . g : : s _...._ i BABAR (418 b, semileptonic)
-5 1 | i | ! i | I i | | . H 02408 PRDS2, 112002
1 4 8 o514 8 2501 4 8 2541 4 8 25 Combined result: 23+ 0.7) x 107 : ——io—- BABAR (428 1y, hadronit)
2‘(. GeV2/ct . i . | 1 |
. Grec [GeV?/c] 2.7 o to SM expectation 5 5 A 6 3 10
elle B B —K'w 5 + e
N } _];[,:(ltllfiﬁ‘lﬂr' = 10° x Br(B —K I/l/)
Q B cc | e e e e e e e e e e e e e
g 5 F uii, dd, s§ . . \
5 { N HT. IfFlt to classifier output |
T g |::§|B(B — Ktvp) = (11112 x 107° !
5 11 . . " -
O 25 L‘—l—\_‘_ v consistent with ITAat1.2¢ /' First Evidence of B* — K'v¥
0
— 5
= OF |
By g, ——— ]
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Search for B — Xs v ¥ @ Belle |l

NEW

e Usinghadronic tagging and Belle I1 365 fb? 1(4S) data

e 30decay modes are reconstructed for the sum of exclusive method

] BB \ B*
K |K2 e
Kr |K*r¥F KgTrO K*70 Kgﬂi
K2r|K*rFq0 Kntn¥ K9nO0x0 K*pFgt Kntn0 K*n070
K3n|KErFnta® KlataFa® KEFaln® |[KEaFate® KlntaFat Klatals®
KAn | KEnFntaFn0 Kt nFataF K ntnFal0n0| KEnFataFriK rtnFntal KEnFataOn0
3K KiK;ng K*K¥K+*
3Kn|K*KTK*r¥ K*K¥K3n® K*KTK*n0 KIK+*KFnt

~ covering ~93% of entire Xsvvdecay based on simulation sample, with
assuming K” equally decays into Ks and K:

D
o

Belle IT

hadronic FEI (HTA)

e\ Btag
y(4s)

y

, _— Bsi
xsé:/.sg
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D
Search for B — Xs v ¥ @ Belle |l <o

Belle I

NEW

hadronic FEI (HTA)

e Using hadronic tagging and Belle 11 365 fb™* 7(4S) data

Btag

=
e 30decay modes are reconstructed for the sum of exclusive method \
‘ BOO ‘ Bt v(4s)

K |KY K* w

Krn |K*nF K9n® K*n0 Kdn* _,

K2r|K*rFq0 Kntn¥ K9nO0x0 K*pFgt Kntn0 K*xr070 L ;

K3n|KErFnta® KlataFa® KEFaln® |[KEaFate® KlntaFat Klatals® o _

KArn | KEnFatnF 0K 3ntnFatnF K QntnFn070| KEaFatnF otk ntnFatal KEaFatalOn0 L4

3K |K*KT Kg K*KTK*

3Km|K*KTK*n¥ I(iI\'¥I(g7r() K*KFTK*70 1\’g~]&'i}'($71':t

~ covering ~93% of entire Xsvvdecay based on simulation sample, with
assuming K” equally decays into Ks and K: Correct/control the major / special BB
background that mimic the signal:
[  Correct the fragmentation of Xs
systemusing B — Xsy
Q  B—Xsni(pp), B—>XsK'K’

e Background suppression: Binary classifiers (BDT)
e Signal region: reconstructed Xs mass and classifier output

15



D
Search for B - Xs v ¥ @ Belle ll

NEW
Binned maximum likelihood fit to Xs mass and classifier output
Fit results 0.0 < M™ < 0.6 GeV/c” 0.6 < My < 1.0 GeV/c? 1.0 < M™ < 2.0 GeV/c?
% 700 Belle Il == BB,
[0.5%03(stat) ¥ 3 (syst)] x 107> (0.0 < My, < 0.6 GeV/c?) @ 60 hat=sesat
BR(B - Xgvv) =1 [3.8%58(stat)*33 (syst)] x 107> (0.6 < My, < 1.0 GeV/c?) 500 Prefiminary
[73 2 (stat) Y B (syst)] ¢ 1075 (1.0GeV/c? < My,) 40
300
BR(B = X.vv) = [11.6182(stat) *13:3(syst)] x 10°5 200
100
0
g Vi
3 1
s 08
0.7 2 3 6 ] 0 12 14
bin index
K", Ks K
dominated dominated

16



D
Search for B - Xs v ¥ @ Belle ll

NEW
Binned maximum likelihood fit to Xs mass and classifier output
Fit results 0.0 < M < 0.6 GeV/c? 0.6 < Mg < 1.0 GeV/c® 1.0 < M < 2.0 GeV/c®
£ 700 Belle Il == BB,
o A BB
[0.5%0:3(stat) 93 (syst)] x 1075 (0.0 < My_ < 0.6 GeV/c?) 9 600 hat=sesat
BR(B - Xgvv) =1 [3.8%58(stat)*33 (syst)] x 107> (0.6 < My, < 1.0 GeV/c?) 500 Prefiminary
[73 2 (stat) Y B (syst)] ¢ 1075 (1.0 GeV/c?* < My,) A
300
BR(B = X.vv) = [11.6182(stat) *13:3(syst)] x 10°5 200
100
90% CL .
Upper limits % ::3
b 8:96_ 2 4 6 8 10 12 14
2.5 % 10_5 (00 < MXS < 0.6 GeV/CZ) . . bin index
2 . K, Ks K
UL(B - Xsvv) =< 1.0 x 10™* (0.6 < My, < 1.0 GeV/c?) ’ :
o, A (10GeV/c? < My,) dominated dominated

UL(B - X,vv) = 3.6 x 10~*
The most stringent upper limit on inclusive B — Xs »v
17



b—-stlll=e pn

e Lepton flavor violating process, forbidden in SM

e B'— K'vwexcessand b — czv anomalies indicate the possibility of new particle

coupled preferentially to second and third generation leptons

2309.02246 1602.00881

e Third-generation b-couplings accompany with the heaviest lepton,
sensitivity to new physics 1411.0565

OS: opposite sign of lepton charge and b quark flavor
$S: same sign of lepton charge and b quark flavor

45 ®

® BaBar (428 fb™Y) [pransc 012
B Belle (711 fb™?) [pRL130. 2

©fb~Y
[



https://arxiv.org/abs/2309.02246v3
https://arxiv.org/abs/1602.00881v4
https://arxiv.org/abs/1411.0565v2

b—-stlll=e pn

e Lepton flavor violating process, forbidden in SM

e B'— K'vwexcessand b — czv anomalies indicate the possibility of new particle

coupled preferentially to second and third generation leptons

2309.02246 1602.00881

e Third-generation b-couplings accompany with the heaviest lepton,
sensitivity to new physics 1411.0565

Recent results in this report:
B’ — Ks z* I @ Belle and Belle Il
B’ — K" z* ¥ @ Belle and Belle ||

OS: opposite sign of lepton charge and b quark flavor
$S: same sign of lepton charge and b quark flavor

45 ®

® BaBar (428 fb™Y) [prD A6 012004 (2012
B Belle (711 fb™?) [PRL130. 261802 (202

©fb~Y
[
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Search for B’ — Ks r*I'(l = ¢, ) @ Belle and Belle Il <

BELLE Belle I

2412.16470v1 (Ks)

hadronic

FEL

I Bsig

-
e Using hadronic tagging and combined Belle 711 fb* + Belle 11 365 fb! r(4S) data \
Y(4s)

e Background suppression Ks w
Btag

> Dominated background B’ — D (—Ks t- X) [v and B’ —» D (—Ks1X) tzv o i/
constrained by invariant mass of M(Ks, t-) and M(Ks, I) FTOmTP ¢

> The e*e—qq and remaining BB and backgrounds are rejected by event-shape
related variables and a binary classifier

20


https://arxiv.org/pdf/2412.16470v1

*0\ o 17771 —
Search for B’ — Ks (K"')r*I'(l = ¢, 4) (@ Belle and Belle I el
BELLE  Bellell
2412.16470v1 (Ks) hadronic
FEI
2505.08418v1 (K™
| e- Bsig
e Using hadronic tagging and combined Belle 711 fb* + Belle 11 365 fb! r(4S) data \
Y(4s)
e Background suppression Ks(K ™) w
Btag
> Dominated background B’ — D (—Ks/K" t- X) [v and B’ —» D (—Ks/K ™ IX) t- v . - Z
T=6,U,T],

constrained by invariant mass of M(Ks(K ™), tz) and M(Ks(K™), I) p
> The e*e—qq and remaining BB and backgrounds are rejected by event-shape
related variables and a binary classifier

21


https://arxiv.org/pdf/2412.16470v1
https://arxiv.org/pdf/2505.08418v1

*0\ p» 21771 —
Search for B’ — Ks (K"')r*I'(l = ¢, 4) (@ Belle and Belle I el
BELLE  Bellell
2412.16470v1 (Ks) hadronic
FEIL
2505.08418v1 (K
S o= Bsig
e Using hadronic tagging and combined Belle 711 fb* + Belle 11 365 fb! r(4S) data \
Y(43)
e Background suppression Ks(K ™) w
Btag
> Dominated background B’ — D (—Ks/K" t- X) [v and B’ —» D (—Ks/K ™ IX) t- v o Z
constrained by invariant mass of M(Ks(K ™), tz) and M(Ks(K™), I) Fremmp p
> The e*e—qq and remaining BB and backgrounds are rejected by event-shape
related variables and a binary classifier BollotBallb prefminaty T ="Da@ T
L — Global fit
| Data |Ldt=711+365fb" ° ., pD!
e  Calibration and validation o :N::;!n 55 ...go_, [D)'I'JDS; ]

-+= Background

> Using B’ - D"z (and B —Xc [ v)to calibrate B tagging efficiency
(fitting to recoil D mass)

Events/(9.0 MeV/c?)
o
o

> Using B’ — D" Ds (—Ks(K"")K*, ¢x™) to calibrate signal shape
and classifier efficiency (fitting recoiling D mass)

A LT
PRSI L] skl LT AR IESFTETRRPTI ool X3

0
1.7 1.8 1.9 2 21
Mrecoil (GeVIcZ)

B’ — D Ds (—KsK, ¢gx™) 29
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Search for B’ — Ks r*I'(l = ¢, ) @ Belle and Belle Il

BELLE Belle I

2412.16470v1
'Z‘/Ir2ecoil = Mf = (pé"e —PKs — Pt — meg)2
. . ) . . . 12 el 012 B Koy
A single unbinned-maximum-likelihood fit to recoil z mass with o e P T G
. §10- Ldt =711+365 fb - Signal §10' Ldt=711+365fb 5> Signal
combined Belle and Belle Il data S gf M= 18:30 acgond S fMes2ess sk
) g sf R ol
Fit results 24} g
( .-) @ 2f am =
B(10~? GJETTILT TV LT T 2
= ! ! 1 | ! ! 1 II [ L s 8 ! ! ll[
Channels 5(10 4) Nsig Central value |UL 1 12 14 16 18 2 2.zG ‘21./:2 09712 14 15 18 2 Mz.ze ‘21.142
B 5 K%rtu~ 17 —18+30 —1.0+1.6+0.2|1.1 el | Sy oA
% L le+Belle reliminal —— Data "\3 I Belle+! e reliminai ——Data
B> K%r—put 21  26+35 11+16+0.3|36 E:j_“ff,',j;'j;;‘;;, ! _E.Jba:m E}j_"j,j‘j'{;;‘;;, y _gléba:m
--- Signal --- Signa
BO — KgT+€_ 2.0 -1.2+24 —-0.5+1.1+0.1}1.5 312-'\“"‘-’='1‘212'4 ----- Bagckground eq2thg=28e200 Bi?ckground
B K3r~et 21 —29420 —1.2+0.9+0.3]0.8 gl H
EmEn
90% CL L MH
o""l"l """ AR |'LL»r"'L'|"L"|' """ { i 1 | 1 i 1 l ----- |-"
. . . o -2
Total systematic uncertainty: 22-24% VRIS B Eame, T IRTHRE IR 8 e

First search for B’ — Ks z* I decays
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Search for B’ —» K'¢z*I'(l= ¢, ) @ Belle and Belle Il

2505.08418v1

A simultaneous unbinned-maximume-likelihood fit to
recoil z mass of Belle and Belle Il dataset

Fit results

Y

Decay Bt (x10°) B}){)[;(oxp) (x107?)
OSe: BY —» K*0rte~ | —0.24 +1.46 2 9 (2.8)
SSe: BY— K*¥r—¢t | 1174277 4 (4.4)
OSp: B - K*0r+pu~ | 1.07+1.80 4 2 (3.0)
SSu: B —» K*7—pt | 048+2.61 \ 56 (55)
N—”
90% CL

Leading systematics:
Classifier efficiency and 18-34%
Background shape assumption

Entries/0.050 GeV/c*

Entries/0.050 GeV/c*

BELLE

Belle I

t  Dala

|

Entries/0.050 GeV/c?

t  Data

M2 = M2 = = e s 2
recoil = M7 = (Peve- — Pxo — Pt PBu,)
Belle Belle Il
Belle preliminary [ £dt =711 Belle T preliminary [ £t =365 1!
o
z
8
“
3 75
750
’.'; 2.5
0.0 I 1 Ser 1 o
14 1.6 1.8 2.0 2.2
M, [GeV/c? M, [GeV/c?
BY 5 K*V7r-et Belle preliminary [ Ldt=7111h 20 B K*r—e Belle II preliminary | £dt =365
=== Signal === Signal
-== Backgronnd == Background
5L —— Total fit 15— Total fit

M, [GeV/c?]

First search for decaysof B’ > K"’ 7+ ¢*

M, [GeV/c?]
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. D
Search for B’ - K’z @ Belle ll

2504.10042
hadronic FEI

e SMpredicts Br(B — K¥rz) ~ 107 and new physics enhances it to 10~ [1712.01919] s Btag

Previous measurement Br(B — K“zz) <3.1 x10° @ 90% CL on Belle [2110.03871]

. . . Y(4s)
e Usinghadronic tagging and Belle Il 365 fb™! 1(4S) data o
g0 . \

e  Background suppression tr= e,ﬂ’”,‘g,ﬁ? -

Binary classifiers exploit the event shape, the kinematics of K* and 7, ™ ¢, - e, 11, 7T, P

residual calorimeter energy and missing energy to distinguish the signals from

background

e Calibration and validation

Using kinematics modified B’ — K™ J/y (44 ) to validate the signal efficiency
Using same-flavor control sample to correct the rest-of-event cluster multiplicity

25
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D
Search for B’ - K’z @ Belle ll <2

2204.10042 A binned maximum likelihood fit to the classifier output, simultaneously for four signal categories

Uncertainty

150 F 4 :mu!-.- 3
Tl ‘ﬁ . ! » Signal B=10"?

I
: Fit results
BelleII preliminary /E dt =365 b
2 p . . y — i 13 Data
175 F £€ category 250 ml category 5001 p category 300 | mm category B K07
5 250 BB
| 200 400 5
___A Pk 200 | oy

¥
0.4 0.5 0.6 0.7 0.8 0.9 0.5 0.6 0.7 0.8 0.9 0.5 0.6 0.7 0.8 0.9 0.5 0.6 0.7 0.8 0.9 1.0
n(BDT)

:7(— ) (= )  wl:7(— w) (=) p :1(= pv) (=W pby) TT:T(— W) T(— W)

Br(B® — K*'7r+1~) = [-0.15 + 0.86(stat) = 0.52(syst)] x 1073

Br(B" - K*r777) <18 x10* @ 90%CL

Most stringent limiton B’ > K% z+ ¢
26
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Summary

5

BELLE Belle I

e Belle and Belle Il provide unique environment to measure electroweak penguin decays

which are sensitive to probe new physics

e Recent results shown in this report:

First evidence for BY — K'vv

The most stringent upper limit on inclusive B — Xsv»v = preliminary

The most stringent upper limiton B’ — K 'z 7

v
v
v
v Search for B’ — Ks (K )z *I'(l= ¢, u)

yulan.fan@desy.de 27



