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Introduction >

* FCNC processes are forbidden in SM at tree level.

. . £t
BSM particles could enhance decay amplitude as Y v, 70 .
“loop” allows heavy mass exchange. W w7
_ u,c,t o u,c,t
» new tree level interaction b — h —5.d bh < +—d
» reduce GIM cancellation in loop corrections cere L
EM calorimeter /'“ K, and p detector

U ID efficiency=90%
1 mis-ID rate=5%

\

o(E)/E=2%~4% 7

» Exploit our available dataset, 387 M (Belle Il) +

772 M (Belle) BB pairs, to look for enhancements in
FCNC due to BSM contributions

'..._: ~ Magnet ]

» Today'’s topics:

- radiative: B — K*y, B — py, B’ - 144

[Drift chamber
o(p7)/pr=0.4% .
Particle identification |
‘ K ID efficiency=90%

1 mis-ID rate=5%

. electroweak: BT — K v, b — df¢
BY - K™z, B’ - K{z¢ (LFV)

Vertex detector
o(vertex)=15um

All results are new since last Blois meeting 5 DESY.



p-factory basics B

Belle IT

» SuperKEKB collides 7 GeV-¢~ on 4 GeV-e¢T in a Difference between Invariant B mass with
submillimeter region expected and energy replaced by
observed B energy beam energy
B production threshold from point-like colliding i o ;_ ”
particles, e*e~ — Y(4S) — BB: ;_ | comem |
kinematics well constrained E_ - sienal
. _ ' BB background
* Hermetic detector: full event reconstruction “ ;.
* Promising with multiple neutral particle final states 1
03 -02 -0.1 0 0.1 0.2 0.3 5.2 5.22 5.24 5.26 5.28 5.3
AE (GeV) M,,. (GeV/c?)

* Inclusive and missing energy decays rely on B-tagging:




Radiative penguin B decays
y b—»—g- ) > NANANAN Y
wr B’ : d Yyd
} — H’E’E <«—35.J g% d
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Measurement of 5 - K*y =

1
» Less precise & measurement: more o Belle Il (365 fb )
[B—Kyp-TB-Ky)  _TB =K% -TB" = K™y

reliably predicted CP (Ap) and Acp = o TB oKy ™ TS K% 1T B =K
isospin (Ag,) asymmetries B* — K*[K%*y

)

N
o
o

. . . . % Belle Il L E:ta E Belle Il ; ::z)i?ta
» |sospin violation evidence (3.10) =150 [ Preliminary -8 KKy | o) Prelmnay - 8 KKl
o ! _ 1 q Background @ i _ 1 q roun
n Belle e e | B | Jass i Bk
§ 100 - gzoo -
0 . | °
+ Suppress large 7" (17) from gg background |, + ool
. | b e o
and fit to M, . and AE N TR
L N (U, S N BT |
90.3 -0.2 0.1 0 0.1 0.2 0. g.23 5.24 5.25 5.26 5.27 5.28 3.29
AE [GeV] M, . [GeV/c“]
Aqp(BY = K%)= (=32+24+04)% _ : be -
CP( }’) ( ) ¢ 2200; ¢ Data DB — K +[Kg77_]7 ¢ Data
* S [ Belle —Fi 2 | Berte  Fi
ACP(B+ N K +7/) — (— 1.0 i 3,0 i 0,6) % %150:_ Igrelllimlilnary —-B'ta K*'[K(S)“-}Y §300 B srelllimlilnary L ;_t% K*-[K(s)ﬂ:']’y
% : det: 365 fb- -CI;.€|§I?3ackkgrounc:(lJI g I Ldt = 365 fb- qq Background
Ap, =(0.1£20£1.0x1.2)% ool Rl - i BB Background
Consistent with WA and SM so [ty t DU )
30% less precise than world’s best 3 _-7 N\ T
Wlth half Statistics 3 02 01 0 0.1 0.2 0. 823 524 525 526 527 528 529

AE [GeV] M, . [GeV/c?]


http://10.1103/PhysRevLett.119.191802

D
Measurement of b — py 5
Belle I
2 2 Belle + Belle I
« CKM suppressed than b — sy: |V, [/ V.. |7 = 0.04 _
PP v 1 VialP /1 Vi) (711 + 365 fb )
" . (-)
» Sensitive to flavor dependent new physics 2I'(BY = p%) — (B - p*y)
_ [~ R0 0 + +
. Suppress 7(17) — yy from gg background 2I'(BY — p%) + [ (B* — p*y)
. . Belle Belle i
- Signal extraction fit to My, M,,., and AE o »r G »E N
§ -~ Belle B'—p*y  (preliminary) § - Belle Il B"—p*y (preliminary)
= 20 ;_JLdt=711 fo = 20 ;_JLdt=,365 flo-1
+ +.) — +2.02+1.00 —7 S ok S ok
BB — pTy) = (12877755777 X 10 " " M\Jh
0 0, — +1.33+1.00 ~7 "L 1l * " T iz
L@(B ~ p }/) - (7.45_127_080) X 1() Oi.iwtl:“ }’.r:\ L Og ﬂL : ﬂl»ﬂl» PRI £
+ + B 152+13 5.2 5.21 522 5.23 5.24 5.25 5.26 5|2\Zb:(2é‘|g\2/3c25)3 5.2 5.21 5.22 5.23 5.24 5.25 5.26 5|2\Zb:(2ég\2/5;025)3
ACP(B =P }/) o (_8'4—15.3—1.4) 7o = 18¢ + = 18
0486 = 165 (preliminary) Te"eB%pT 2 16 (preliminary) T"e 1B —pmy
_ +11.04+8. g 145— Ldt=711 fo g 14 F Ldt= 365 fp-1
Ap=(14.27,,7757) % S CE = 1# LT
& el LN |
Most precise measurement ___,_f:_\t% i
] . : ;_ i __ -—"“‘"l" ra ', ~— ,n ;E.j; L T
A; consistent with SM at 0.60 03 0201 0ot ez



http://arxiv.org/abs/2407.08984

0 D
Search for b~ — yy <5
Belle II
- Double radiative with By = (1.4J_r(1)'§) x 1078 Belle + Belle |1|
| (694 + 365 fb™ )
- Reliable prediction: non-hadronic final state Tas| Bl flgocan' osew
. Saof e TR,
» Suppress off-time photon background |
=20f
» Dominant 71'0(7]) — yy from gg background 15}
Fit to M, ., AL, shape classifier 10
5
3 (BO ) B(BO ) (5).;44 525 526 527 528 G |/5.29
=77 — 7Y e (GEVED
(at 907 CL) gm Belle f Ldt = 694 b Signal
Belle (54___32 T 05) X 0_8 < 9.9 x :_0_8 g, N By :Eﬁckground
Belle 11 (1.7757+0.3) x 10°° <7.4x1078 £ "+ Data
Combined (3.772% £0.5) x 10~° < 6.4x107°®

Consistent with SM
Five times better limit than the current world best

ﬁp#ﬁ;

0_||
0 01 02 03 04 05 06 0.7 08 0.9,

Shape class1ﬁer DESY



https://link.aps.org/doi/10.1103/PhysRevD.110.L031106
https://link.springer.com/article/10.1007/JHEP12(2020)169
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Belle II

Electroweak penguin 5 decays

1% 2
0
Z y , 12 2
W W
U, t - u,c,t
H — < <— 3 ) — < <+

DESY.



Evidence for BT — K v

- More reliable than b = s V¢ ~: no photon Belle 1l (365 fb_l)
exchange factorization. By = (5.6 £ 0.4) x 107° )
2 / 3 /

X

- BSM may significantly increase its 98 - - f fW
» Challenges: 3 body kinematics with 2 neutrinos [ — ot s b ng!
> u u
* no signhal peaking kinematic observable
Inclusive tag

 high background with one prompt track

— , ) +
» Relies on missing energy information € Y (45) €

Belle Il is ideally suited / \,

remaining
/ S:lg\ charged
K+ . and neutral
- Increase signal efficiency by 35 % over ” L particles

conventional exclusive tag approaches

DESY


https://doi.org/10.1103/PhysRevD.107.014511
https://doi.org/10.1103/PhysRevD.102.015023
https://doi.org/10.1103/PhysRevD.102.015023

PRD 109, 112006 (2024)

» Two consecutive classifiers with signal kaon, event shape

195 _ Belle IT preliminar_}lf E Z
and non-signal reconstruction information meo| B
- Signal efficiency validation with BT — J/wK™ ; 75 e
with modified kinematics to match signal £ 50 o e
| | | . i} Off-resonance
» Various background yield correction from S
off-resonance ( X 1.4), K, efficiency ( X 0.83) .
R SN
. Closure test: Z(BT —» Kzt = 2.5+ 0.5) x 10™>; R ]
PDG compatible: (2.38 = 0.08) x 107> i [Gev?/ct
1.0
- Major systematics sources in terms of signal strength (u): N R e L
. background yield (16%) s
éfti) O ® ¢
- limited sample size for fit model (9%) :;';04 : : ’ ’ :
- Analysis cross-checked with hadronic tagged BT — K'uvo: "2 eve” = yp( — KiKy)
T

companion B from hadronic decays

10 K} energy [GeV] Y.


https://doi.org/10.1103/PhysRevD.109.112006

B+ —_— K_I_UE: fit PRD 109, 112006 (2024) Q(B

Belle II

- Fit in bins of dineutrino mass (qfec) and classifier output

Signal discriminator

0.92 0.94 0.96 0.98 1.0
3000 fentmt ,
| . Belle I preliminary :
f[,dt:(362+42)fb‘1 B B K uvp
% . BOEO
= 2000
,Cg I BTB-
.'8 B Continuum
c% ¢ Data
O 1000 '
0
5 B . .
=S | SO SN R S L .
ay - : : :
_ 5L | | 1 | | 1 | | 1 | |

1 4 8 92511 4 8 251 4 8 25k 4 8 25
¢z [GeV?/c?]
11 DESY.


https://doi.org/10.1103/PhysRevD.109.112006

B™ — K vi: result B

Belle IT

15.0
, ol o SM
5 +0.9+0.8 —5 i B
L% — (2.7 i 0.5 i ().5) X 10 E L@ — (1'1_08_05) X 10 — (Combination

Excess significance: 3.5¢ . Excess significance: 1.1o0
SM deviation: 2.9¢ . SM deviation 0.60

« Combination: excluded common events from
iInclusive sample

SM Average

0.497 4+ 0.037 1.3+0.4

 — Belle 11 362 fbr L. combined)
0.7 This

Combined: % = (2.3 £ 0. 5_'8 Z) X 107>

Significance of the excess is 3.5¢
2.l o deviation from SM

(3
Belle H (362 fb . hadronic)
(5

Belle II 362 fb L inclusive)

Q

Q

Belle H (63 fb L inclusive)
,127, 181802
Belle (711 fb 1. semileptonic)
0

® Belle (711 fb 1. hadronic)

29+1.6 PRDS7, 111103

BABAR (418 fb-!, semileptonic)

0.2+£0.8 PRDS82, 112002

BABAR (429 fb . hadronic)

First evidence of B — K 'vv

e o e —— i —— _______________.1.

~ .b5+1.3 PRDS7,
0 2 4 6 8 10
10° x Br(BT—K " uvp) v


https://doi.org/10.1103/PhysRevD.109.112006

Search for b — df ¢~ B

Belle (711 fb~ )

Belle

« Boy < O(107°)

Belle

“o 25 — = 25 —
» Probe lepton flavour universality s, (P B? — wl™! 2| O B® — wlt/
- LHCb (3 fb_l) observed final states %15- IO %15- tro4
with 77 in muon modes g 10 11 & 10 ¢
5 # . - * 5 I H .
- Suppress peaking J/y and y(25) ! N ;

o

0
-0.15 -0.1 -0.05 0 0.05 01

background and fit to AL and M, . T T [eevie? AE [GeV:
_ Belle - Belle
2.l (0BT =t S L [0 BT = ptetes
= N e
%20 £ 20
S i -
W0 | * * | * 10 |
0 0
5.2 5.22 5.24 5.26 5.28 -0.15 0.1 -0.05 0 0.05 0.1

AE [GeV]

DESY


https://link.springer.com/article/10.1007/JHEP10(2015)034
https://doi.org/10.1103/PhysRevLett.133.101804
https://doi.org/10.1103/PhysRevD.86.114025

BY — plete™

BT — ptete”
BT — pTutp”
BT — pt0te~

b — df ¢ : result

B (107°) S (107°)

<105  0.0t%2 +0.1
< 94 19__%45L + 0.2
< 48 13728 +0.1
<30.7 —217553+0.2
<9249  T7HR2 406
<220 647071 +05
< 79 — 58;“;2 + 0.5
< 59 0.41%:2 + 0.1
< 3.8 — 231_%% + 0.2

< 54 Oli—?g + 0.1

<455 2361146111

< 467 —38.27215 +34

13.07153 £ 1.1
251__%2 + (0.2

< 38.1
< 18.9

N
o

Events / [2.5 MeV/c?]
o

Belle

(a) BY — ntte~

10 f T et |2 1
? [
5 |
r'S # ’
O -
52 5.22 5.24 5.26 5.28
- M, [GeV/c?]
Belle

N W
o0 O

Events / [2.5 MeV/c?]
o S

—_i
o

5

O—_l__l_—_

5.2 5.22

p

4

(c) BY — w0t~

N

|

5.24 526  5.28

M, [GeV/c?]

T
Belle IT
Belle
S 25 | _
2 (a) BY né+ ¢
0 20 |
~
@ 15
C
2
w 10
5
0
-0.15 0.1 -0.05 0 0.05 0.1
o AE [GeV]
Belle
S _
23r (c) B = 7ty
lg)
.':.. 25 B
o 20
=
g’ 15
Ll
10
5
0
-0.15 -0.1 -0.05 0 0.05 0.1
AE [GeV]

World’s best limits in all channels. First search for oZ¢~, pYete™, pT¢ ¢~ modes

DESY


https://doi.org/10.1103/PhysRevLett.133.101804

K — >
Search for B’ —» K V0t~ B

[PRL 120, 181802 (2018)]

» Suppressed in SM with B¢ = (0.98 £0.10) X 10~

[PRL 120, 181802 (2018)]
» NP models explaining b — c7r anomalies predict a
significant BF enhancement with a t pair in the final state,
involving third-generation fermion couplings

| O Rym&Ry 20
| B Ryw&Rmy 10
i B Br[Bs~>1T1]

| M Br[Bo>K"11]

1 B Br[B->Kr1]

| O Br[Bs—»¢r11]

10*

Br x

BYNBY 5 K0ty <31 x 10 Eslllfel 711 fbo-1 PR 108, 011102 (2023)

BNBT > K*'tT17) <23 x 1073

K+
* Challenges: ‘\/4”—
| | | | | t=/0,m,p
* No signal peaking kinematic observable due to multiple vs . K 4 /*
° ‘\ 0 - |
Large backgrounds \Bsgn =
« Overcome by Btag reconstruction from fully hadronic final states . tf T, p

15 tag Y Y.


http://10.1103/PhysRevLett.120.181802
https://doi.org/10.1103/PhysRevLett.118.031802
https://doi.org/10.1103/PhysRevD.108.L011102
https://link.aps.org/doi/10.1103/PhysRevLett.120.181802

K —
BY — K %t*r: strategy and results

_|_

* Four final state categories from 7' 7 S —— - | e _
. 100 — BelleII preliminary ¢ Df]ata o d 160 |- Belle Il preliminary BO_K*0+ 7= ]
pair: ¢, £'m, nm, pX oo 365 0 P o] fuate 565 fo o5
2 go| tcategory @ | o | ! category: postfit 85 ity
. . . . o~ | 777, Uncertaint [ 7777 Jncertain
* BDT trained using missing energy, : | ~ Signals-107 | £ 100 »» b data
residual energy in calorimeter, s 7l %7/ | 2 e
% . = | b & b
M(K"%), dilepton mass (g?), etc 5w W}:M/f// T ] ! e
g - 77N 7] ‘ 40 ¢
» Signal extraction from BDT score () B s ”| A e
ah | | " L
via simultaneous fit of all categories N e e SO SOOI ww eee = T -+ """""""""""""" -
= | | @ 10 ~¥/*+---‘ Lz A,
_3 S 2 1 3 0.75 E_
% < 1.8 X 10 at 90% CL SPI1 12 13 14 15 A116. 17 18 19 20 %37 o5 o6 o7 o8 oo 1o
¢* [GeV?/c!] n(BDT)
Dominant systematics from simulated Twice better with half the statistics vs. world best
sample size and BF of semileptonic Most stringent limit on b — s77 transition

D** backgrounds

DESY



Search for B — Kgfif + =

® BaBar (428 fb™1) Bt — K¥r/7F | ]
B Belle (711 b~ )BT = Ktete ™| ]

« B(BT — K'ui) excess and b — ¢t anomalies

suggest new heavy particles coupling to 3rd-gen leptons @) B* — Krtu~, B — KOy
il ]
» BSM extensions predict LFV b — s7£ decay > ® o |
rates near current experimental limits i“‘-o
= 3.5
. . . X
* Third-gen couplings + 7 lepton mass increases 301 o
ST ~ 25 -+
NP sensitivity 2
S 2.0
e Challenges: © 15 g c:
5] 1.0 -
* Forbidden decay lm
* One missing v in the final state VATV S LAY A SV
x’\{_ x}'\L x)\{— x)\{_ 07'\{- 0)\{—
* L arge backgrounds ® % % ? S S

- Overcome by B, reconstruction from fully
hadronic final states Brog



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.261802
https://link.springer.com/content/pdf/10.1007/JHEP06(2020)129.pdf
https://arxiv.org/pdf/2209.09846.pdf
http://10.1103/PhysRevD.86.012004

B° - K{r*¢*:strategy and results

Belle + Belle 1l

 Advantage of having only one 7 in the final state, s e (711 + 365 fb~ )

can compute recoil mass of 7

y , 216 [ Belle+Belle Il preliminary — Data
Mrecoﬂ — (p ete- — Pk — Py — tha ) 2’14 Ldt = 711+365 b T_glOball f
g Qqof N=-12E24 Bf:kaground
 Reject main semileptonic B background via 10l
Q
selection on Mo, and other bkgs using BDT ; 81 t
s °f | !
e Fit M_...., for signal extraction i 4f + 1+ |1t
)
0 0 —5 1 12 14 16 18 2 22 24
B(B — KsT ) < 1.1 x 10 M. (GeV/c?)
B(BY — KJt <3.6x107° | _
( ST K First search for B — K{t*£* decays
B(B° - KotTe ) < 1.5 x 107°
B(BO N KS'r . ) <08 % 10~? Limits are among the most stringent limit

DESY
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Summa =

- Radiative and electroweak penguin B decays are
prime processes to probe BSM

PRD 110, 031106 (2024)
» Analyses are possible due to Belle ()
unigue abilities

» Several new exciting Belle and Belle Il results are
shown today with many having world best results

- BT — KTui: first evidence with 2.7¢0
deviation from SM

. B 5> Kt provides the most stringent limit
on b — s77 transition

* Run 2 is ongoing, stay tuned for more luminosity

19


https://link.aps.org/doi/10.1103/PhysRevD.110.L031106
http://arxiv.org/abs/2407.08984
https://doi.org/10.1103/PhysRevD.109.112006
https://doi.org/10.1103/PhysRevLett.133.101804

Backup

DESY



¢ Measurement of B — J/yX &

Belle Il (365 fb )

" Belle Il Preliminary 2024 ¢+ Data
- f L dt = 365 fb- — Total Fit

: 0 + Signal Fit
- Bhad — J/ y[-ee]X ’ =< Bernstein

— Crystal Ball
» — Gaussian

» Useful for studying color suppression in weak decays

« J/y momentum spectrum is sensitive to Fermi motion inside
B meson, a key uncertainty in inclusive V; determination

* QObtain full signal kinematic information from hadronic
tag-side B

Events / (0.0034 GeV/c?)

Pull

e Signal extraction from fit to m(£7¢ ™)

208 3 302 304 306 308 31 312 3.14

M, [GeV/c?]
l%(BO —) J/WX) —_— (0.97 i 0.03 i 0.06) % Lar - Belle Il Prellmmary2024 ¢ J/ll/—’e e~ w/o FSR
S o
BBt — JlwpX) = (1.21 £0.03 £ 0.08) % #
3|
S, i
% 0.8: " +++ +
] I : O + S 0.6
First separate branching fraction measurement of B~ and B S
First measurement J/y momentum and helicity angle in B rest frame | oy
0'8.00 0.250 1.110 1.1451.253 2.20
PP [GeV/c] ;Y
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Belle II

¢ Observation of B — J/vw

-1
» Color-suppressed tree diagrams involving Belle 1l (365 fb ')
b — ccd transitions 30 —
% Belle II (preliminary) B Background
L — 365 fh—! -== B" = J/jw
« Control mode for b — df¢ decays at B-factories = o[, JLA=3651 —
N ¢ Data
» Challenge: low BF and background from B — J/yX &
=
* Reject B' —» J/wX via dedicated selection =
-
av
e Signal extraction from fit to AE -
—0.2 —0.1 0.0 0.1 0.2
AFE |GeV]

First observation and most precise to date
consistent with WA

Systematically limited by Jro—efficiency knowledge

22 DESY.



