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Introduction

* Flavor-changing neutral-current transitions are
excluded in the SM at tree-level due to the GIM

mechanism.
 EXxcellent place to search for New Physics that T o
could interfere with radiative and electroweak
penguin loops.
 Inadditiontob — svv, b — df¢, and b — (s,d)y,
decays, we will report on the first Belle + Belle I
search for B! — yy: b —
’ : . . b W~
No direct interaction e e R e o VAVAVAVAR 4
between the b and d quarks; w d
+ An effective FCNC is B’ yd .
induced by a 1-loop or g 3 h — S.d
penguin diagram. d < < NANNNAN Y




SuperKEKB and Belle |l

Upgrade of KEKB and Belle to achieve 30x peak &£

New final focus

New positron
damping ring

Animation © KEK

0, >-6 mm 0. 10-12 um

0. 100-150 um

KEKB head-on (crab crossing) Nano-Beam SuperKEKB
a»-< > =
O-__ 6_7 mm 2¢ = I1mrad

overlap region = bunch length ¢

KL and muon detector

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

(end-caps , inner 2 barrel layers)

—

S —

EM Calorimeter
Csl(TI), waveform sampling electronics

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

electrons (7 GeV)

Vertex Detector
2 layers Si Pixels (DEPFET) +
4 layers Si double sided strip DSSD |

gy

Central Drift Chamber

Smaller cell size, long lever arm

positrons (4 GeV)

Belle Il TDR, arXiv:1011.0352

® High resolution hermetic detector.

® Efficient reconstruction of neutrals (y, 7, 1).

e World record &, = 4.7 X 10°*cm™%s~!
(With ,By* = |mm).



Datasets ‘R
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https://www.belle2.org/research/luminosity/

Evidence for BT — KT

« FCNC transition with precise SM prediction: inciuding long-distance double

charged current decay*

%(B_l_ — K+VD) — (5-58 + 0-37) X 10_6- PRD 107, 014511 (2023)

- Belle Il is ideally suited to measure B-decays with significant E_ . :
- Constraints from well-known initial state kinematics;

- Lower average multiplicity at the Y (4S5) compared to hadronic collisions. _

-200 -150 -100

Simulated Belle Il event
Bt - K uvp

100




Evidence for BT — KT

* FCNC transition with precise SM prediction: including long-distance double
L@(B-l- N K+I/D) — (558 + 037) X 10_6- charged current decay*

PRD 107, 014511 (2023)

NP Scenarios

- Belle Il is ideally suited to measure B-decays with significant E_ . : P
- Constraints from well-known initial state kinematics;

- Lower average multiplicity at the Y (4S5) compared to hadronic collisions. T < .

Light:
200 50 00\ . » Axions PRD 102, 015023 (2020)
« ALPs JHEP 04, 131 (2023)
100 Simulated Belle |l event | \ - Dark Scalars PRD 101, 095006 (2020)
BT = Ktui 5
) —=
4 [
AMAM/\/
h —4— <4+— 3

< Heavy:

. 7' PLB 821, 13607 (2021)

- Leptoquarks PRD 98, 055003 (2018)
Decay rate can be significantly modified in models with BSM particles




BT — K*vv Analysis strateqgy

ITA

Inclusive Tagging Analysis

Rest-of-event

1) Select signal K= that minimizes 2 (K™ recoil).
Arec

2) Identify rest-of-event object (includes all £_;..).

HTA

Hadronic Tagging Analysis

1) Reconstruct
By, inO(10k)

channels:

[ Tracks J [Displaced Vertices j ENeutral Clusters J

— "~

K+

2) Select signal K.

Comput Softw Big
Sci 3, 6 (2019)

Low purity (0.8%), high efficiency (8%)

High purity (3.5%), low efficiency (0.4%)

Small size of overlap
results in 10%
INncrease In precision
over the ITA result
alone.

See talk by S. Moneta
for HTA result.



arXiv:2311.14647 [Accepted by PRD]

BT — K v ITA

1y BDT,(b)
= 1-— b)db
- Train t tive BTDs. Signal effici hecked with N(BDTS) /BDTQ v
rain two consecutive s. Signal efficiency checked wi 0.99 0.94 0.96 0.0% 1.0
BT — J/wK™"decays: _ :
» Remove J/y and correct K™ kinematics to match K*vb. 3000 ‘—I—-iJ—
| . Belle II :
6000 L0 Belle IT [ Ldt = 362fb™" 0, [Ldt=(362+42)fb! HEE B +_%K %
= ’ g 5 é BB
= 5000—/ 4 1000 - \ %3 2000 : B+p-
= = < e .
4000 / = N —o— ~ : : B Continuum
O je \ - - :
= /| 8 ﬁm& < t Data
< 3000 S U A\ ;
S L/ 0.0 0.5 1.0 O 1000
= 9000 [ BDT, (BDT; > 0.9) AV
O 4
[ BT — K .J/v¢ simulation ¢ BT— KT .J/y data \
1000 7/ [ 3Bt — K+ J/¢ simulation ¢ BT — KT J/&p data \
) ; B+._.> f( Ty v simulation ! : 0
0.0 0.2 0.4 0.6 0.8 1.0 5
BDTj — -
e SRR SRR
Detailed studies described in arXiv al - : : :
_ . 0 . ] . _5 _ | | ] | | ] | | ] | |
Contribution of B — X (K; X) corrected using z#-enriched SB. 1 4 8 9251 4 8 251 4 8 251 4 8 25
. KY . . .
. Modeling of € deiecﬁon in the calorimeter corrected using qgec [GeV2 / 64]
ete™ - yp( - K{K}). = s/(4c*) + Mz — \/sE3 /c*
- Closure test: A (B LIRS 7Z'+Kg) = (25 + 05) X 10_5. (2C, c;rgpiatglgé/;iz;f; ng Bins follow theoretical predictions JHEP 02, 184 .



https://arxiv.org/abs/2311.14647

BT — K™ vy Combination

ITA

- B =[27+£05+0.5] %107
- Significance of the excess 3.5¢0

« 2.90 deviation from SM

* Perform likelihood-level combination:

- Include correlations among common systematic uncertainties;

- Common data events excluded from ITA sample.

arXiv:2311.14647 [Accepted by PRD]

15.0
Belle II e SM
[ £dt = (3624 42) fb! — HTA
—— ITA

Combination

HTA

— 0.9+0.8 -5
. B = [1.1709408] 5 10

- Significance of the excess 1.1o0
- 0.60 deviation from SM

OO I . ! ! !
0 2 4 0 8
_ BBT - K'vp)
 Bo(BY > Ktvp)  Bsw=497x107
Excludes LD diagram
SM Average
0.497 + 0.037 g0

Belle 1T (362 fb™!, combined)

2.3+ 0.7 This analysis, preliminary

Belle 1T (362 fb !, hadronic)

1.1+ 1.1 This analysis, preliminary

HTA
In agreement with all
previous measurements

Belle IT (362 fb!, inclusive)

2.74+0.7 This analysis, preliminary

Belle 1T (63 b, inclusive)

1.94+41.5 PRL127, 181802

Q

Q

ITA

1.86 tension with Belle -|» Belle (711 bl semileptonic)

1.0£0.6 PRDY96, 091101

Py Belle (711 fb !, hadronic)

2.941.6 PRDS87, 111103

BaBar (418 fb™!, semileptonic)

0.2+0.8 PRDS82, 112002

BaBar (429 fb'!, hadronic)

1.5+ 1.3 PRD87, 112005
| ] ] ] | ] ] ] | ] ] ] |

2 4 6 8 - IlO
10° x Br(BT—K " uvp)

2.30 tension with BaBar -|»

Overall compatibility
x*/ndf = 5.6/5

Belle reports ULs only;
9B estimated using
published # of events & €.


https://arxiv.org/abs/2311.14647

B™ — K vv Implications

Many papers have 20 |
been written to
interpret this O
result 2
VR
I
~
-
*
'« 10-
cj\ ' B LU region
Q EFT region _
- W excl. B(B® — K*%p) |
m B (B+ — K+VD) Bellell
_ ¢ SM
) ———————
0 10 20 30
5B (B+ — K+VD) . 10° PRD 109, 015006 (2024)

> Lepton [flavor] universality (red) does not intersect with
Belle Il data (yellow) below the grey band (90% CL
excluded).


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.015006

BT — Kvv Implications

Many papers have
been written to
interpret this

Ne)
result S
—~
Y
~
- 1
%
< 10-
OT B LU region
Q EFT region
\m-/ W excl. B(BY — K*vp)
B(BT = K"v0)p
_ ¢ SM
O I s L T
20 30

20-

B(BY = K'vw) - 10°

PRD 109, 015006 (2024)

> Lepton [flavor] universality (red) does not intersect with
Belle Il data (yellow) below the grey band (90% CL

excluded).

Very active effort within Belle Il to provide results
for other b — svv channels.

Belle SL tag

TABLE L.

PHYSICAL REVIEW D 96, 091101(R) (2017)

Results

(a) Observed signal yield (corrected for fitting bias) in each
channel. The first error is statistical and the second is

systematic.

Channel

Observed signal yield

Significance

Ktuvp
KgyD
K*Tvp
K %up
y ARV,
7
prup
pOUD

17.7+9.1 3.4
0.6+42+14
162 +7.4+1.8
-20£3.6+1.8
56+ 15.1£5.9
02+56+1.6
6.2+123+24
11.94+9.0£3.6

1.90
0.00
2.30
0.00
0.00
0.00
0.30
1.20

(b) Expected (median) and observed upper limits on the
branching fraction at 90% C.L. The observed limits include the
systematic uncertainties.

Channel

Efficiency Expected limit

Observed limit

Kt vp
KgyD
K*tvp
K %up
AR,
v
prup
pOUD

0.8 x 107
1.2 x 107
2.4 x 107
2.4 x 107
1.3x 107
1.0 x 1073
2.5 x 107
22x 107

2.16 x 1073
0.91 x 1073
0.57 x 1073
0.51 x 1073
2.92 x 1073
1.42 x 1073
1.11 x 1073
0.82 x 1073

1.9 x 1079
1.3x 107
6.1 x 1073
1.8 x 107
1.4 x 107>
0.9 x 1075
3.0 x 1073
4.0x 107

= DD W b~ o0 o N

OO

02 04 06 0.8
Eco (GeV)

(d) B — K*%w

1 1.2


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.015006

Search forb — dft¢~

FCNC processes with multiple charged particles in final state with

Bb - dete) < 6(1079).

2
+ p— - + p— Via
b — df "¢~ suppressed relativeto b — s by -~ 0.04.
Vis

NP signature may be uniquely observed in b — d£ "¢~ if sensitive to
quark flavors.

LHCb has observed final states with muons and 7™ but none with neutral
mesons (3 fb™!):
BBt - ztutu™) =(1.78 £0.23) x 107%,
No hint of any
BB’ - pPutp~) =(1.98 £0.53) x 107%, discrepancy

far...
BB — rtrutu) = (2.11 £ 0.52) x 1078, o

JHEP 10 (2015) 34, PLB 743 (2015) 46

Probe of LFU in b — d{ "¢~ possible with results from e and u final states.

S

|
£+ A
yoo A
W v W=
u,c,t _
< - < d
Today

11



b — df*¢~ Analysis strategy

 BDT trained to suppress dominant ee~™ — gg background:

- Trained separately for each decay channel and optimized using Punzi’s FOM.

Suppression of peaking B backgrounds:

- J/yand w(2S) mass veto;

- Photon conversions and ﬂgahtz decays suppressed with g2, > 0.045 GeV~.

e Control channel B — J/w(£ "¢~ )r used to calibrate signal:

Events / ( 0.00833333 )

BT — Jly(u u )"

300
250 —
200 —
150
100

50 |

Belle preliminary

Peaking background
from BY — J/wK™

| 0.05‘ —
AE [GeV]

0.1

Events / ( 0.01)

B = Jly(utu)n"

Belle preliminary

T 005 0.1
AE [GeV]

Measured A consistent within PDG uncertainty

channel

B

PDG B

0.975 4+ 0.090) x 107°
1.091 +0.119

x 100

0.990 x 10~
0.991 x 106

o
D
N—"
N
-
/N /N |—/—™ —/~

)
)
)
)

2.397 +0.118) x 10~°
2.140 + 0.174) x 10~°

2.337 x 1076
2.340 x 10~°
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b — dfT¢  Results

» 2D fit to AE & M, . to extract signal yield.

N
o

S o
$
¢
Events / [7.5 MeV]

Events / [2.5 MeV/c?]
¢

@) ]
———
——

oy

(@)
—

&

e World’s best limits for all b —> df_l_f_ %2 502 524 5.26 [GS?Z] 15 01 005 o %25[(3 Vo].1
be LOEV/C e
channels: % < (3.8 —47) X 1078, 30 = 25
o Belle preliminary ?, Belle preliminary +
E 25 1 = 20} T eé
N~
2 2 =
Ny  BYF (107%) B (107%) = | @ 15
815 o
c >
0 1.0 4+2.8 $ 10 * w10y
BY — nete- 0.5, < 4.8 1.3755 £ 0.1 it * * |
B% — nete™ 0.071% < 10.5 0.0759 4+ 0.1 51 ) > |
0 4+ +1.5 +3.4 '
BY = nutp 0.82773 < 94 1.9755 =0.2 Yo 5o Boa 526 528 T 01 05 0 005 o
M, [GeV/c?] AE [GeV]
Bt — ttete™ 0.1f§j‘2 < 5.4 O.lf%g 0 T T — _ _
N§ 30 k elle preliminary E 30 | Belle preliminary O
BY = 70%te~ |—1.8T16 < 3.8 — 23121 402 2 o 25 T ee
- 1.8 136 10 =
BY — nlete” |—-2.977% < 7.9 — 58755405 &, 20 | l * p
B° - rutp” |-053% < 5.9 — 04752 +£0.1 §15-+ * + .fzj
g 10t
. Statistically limited === |
: : . 52 522 524 526 528 015 -01 -005 0 0.05 0.1
but consistent Wlthg M, [GeVic?] AE [GeV]
BT — 71'+//t+//t_ cm. \2 cm. ) 2 AE = ESm. _ pem.
. from LHCb M, = \/ (EED )" = (paa™) = Epy — Eyeam

e rErEasr s rEEErrErEsErrrrrrarrnannrannnnnnannd : 1 8



b — dfT¢  Results

o World’s first limits for o ¢ ~, pT¢ ¢,

O |
and p“e’'e
Ny Bt (1079) B (107%)
B% — wete 1.0715 <220 6.47197 +0.5
BY - wete™ |—0.3757 < 30.7 — 217502 +£0.2
B wwptp™ | 17773 <249 777192 4 0.6
BO N pOe—I—e— 56t§? < 45.5 23 61—?—[4112 N T T Tre—
BT — ptete= | 04723 <189 251118 +0.2
BT = ptete™ |—4.4723 < 46.7 38.27225 4+ 3.4
BT = ptutu~| 3.0730 <381 13.07155 £ 1.1

> Additional information provided with first
measurements of neutral and electron
final states. R — S E

. Statistically limited
> Approaching SM values. . but consistent with |

B = putum
> No sign of lepton non-universality. . from LHCb

---------------------------------------------------------------

Nz 25 Belle preliminary
®
= 20
({p])
o e
Z15F | L
2
uaij 10 1
; TR |
O L ‘L<
5.2 5.22 5.24 5.26 5.28
M, [GeV/c?]
NE 20 I Belle preliminary
E
Te} 15 B
N +
210 *
3 .
: IR
3
by
0 L\
5.2 5.22 5.24 5.26 5.28
M, [GeV/cT]
N§ Belle preliminary
(o)) |
= 30
T} ' dPY
&,
e 20 |
£ > *
O
>
i B
! :
0
5.2 5.22 5.24 5.26 5.28
M, [GeV/c?]
2 2
— c.m. . c.m.
Mbc — \/(Ebeam> (pBO )

0.1

% 25T Belle preliminary
s Wl
1 20
i
L] IR I S|
c
S
w 10
5 ik g
0
015 -01 005 0 005
AE [GeV]
20 I Belle preliminary 0

Events / [7.5 MeV]
o

0.1

-0.15 -0.1 -0.05 0 0.05
AE [GeV]
S’ B .
o) elle preliminary _|_
= 30| P Ct
o)
S,
2 20
)
>
L
10 |

0.05
AE [GeV]

0.1

AFE = Egbm. _ peom.

beam
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Measurement of B — K*y

The first radiative penguin decay. Now a precision measurement.

SM 9B predictions have large uncertainties (30%) related to form factors.

CP and isospin asymmetries are theoretically clean due to cancelation of
form factor uncertainties.

SM prediction of Ap is small (~1%) and those for A, range from 2-8%
with an uncertainty ~2%.

Belle observed evidence of isospin violation at 3.10. rrL 119, 191802 2017)

In addition to &, —
targets include:

Events/(3MeV)

New for
Moriond 24

Long way since the first
CLEO result in 1993

1 . I 1 I 1 ] T T T
B <y PRL 71 (1993) 674-678

6; K—'rroy -
O kg y

ORI

5240 5260 5.280 5300
M(K™y) (GeV)

Ol
5.200

5.220

15



B — K*»y An aIyS i S St rategy Kg kinematics betyvegn sign.al

and control mode in simulation

(Normalized to unit area)

| 0.0 p+.0 x0_+ S |
» Reconstruct K* - K"n~,Ken”, K" n", K;m™. 3 008 b ki
é 0.07 B*— K*+[K°S:rc+]y
 Classifiers to reject boosted photons from asymmetric g ol
. S O f Belle II
) — yy and n — yy decays, and continuum events. 2 004} simulation
© 0.03f
: . See Niharika Rout’s talk on 0.02 |
and Belle Il for details 0 Hon R NS
00.5 152253354455
Kg momentum [GeV/c]
Significant effort at Belle Il to improve Kg reconstruction =
and systematics: = oif o
| | n 0 g 0.08 | s
» Studied using D™ — K 7™ decays: 5t .
! simulation
> Kinematic region of the signal well covered. el
0.02 |-
. . . . 0 £ |
> Determine systematic error (1.4%) in bins of K flight T R Taser
length for signal range of p € (0.5,3.1) [GeV/c]. K flight distance [cm]

16



B — K*y Resulis

RBIBY - K] =(4.16 £0.10+£0.11) X 107
BBt - K 1y] = (4.04+0.13+0.13) x 107
RB[B — K*y] = (4.12+0.08 £0.11) x 107

ApBY > K% =(-32+£24+04)%
Acp[BT - Kty =(-1.0x3.0£0.6)%

AcplB - K*y] =(-23x19+0.3)%

AAqp=(22+38+0.7)%
Ap, =(B.1%£20+1.0+1.1)%

» Consistent with WA

and SM.

> Similar sensitivity wrt
Belle due to improved
Kg efficiency and AE

resolution.
< 150
—| Kgnoy ¢ Data
S | Belle Il — Fit
= | Preliminary —-B? - Kgnoy
O 100 | Ldt = 362 b’ qq Background
3 - f - I BB Background
'c% N
@)

50

0.2

0.3

AE [GeV]

(op} Qo o
o o o
o o o

Candidates / (4 MeV/ch

I
o
o

200

BO, B+

_ ¢ Data K +7z,' _}/
- Belle Il — Fit

[ Preliminary —-B® 5> KKy

i J’ Lt 362 fi qq Background

I BB Background |/ \
/

0
5.23

5.24 5.25 5.26 5.27 5.28 5.29
M, [GeV/c?]
—~400 0+
&
% | ¢ D.ata KS” }/
= | Bellell — Fit
$300 (- Preliminary  —-B* - K'[K 7]y
3 I ) BB Background
5200 |
[y]
O
100 |
o__o o—20 o .
¢ v . - \
0_' T I S EE————— :-—-J—A-;
5.23 5.24 5.25 5.2 5.27 5.28 5.29
M, [GeV/c?]
—~400
« + 0
% [ ¢ Data K n y
= [ Bellell — Fit
300 | Preliminary —-B" - K'[K'ny
g I j Ldt = 362 fb” qﬁ_Background
3 ) BB Background
5200 |
[v)
@) B
100 H*
l v 3
;—_\
0

528  5.29
M, [GeV/c?]

17



Measurement of B — py

Belle Il datasets: 711 fb~! 362 fb~!
|Vl
Suppressed relative to b — sy by —— ~ 0.04. PRL 101, 111601 (2008
‘ Vts ‘ , v
Targets: , )
Vib v Vid

. %(BJ“O — p+’o}’), ACP, and the isospin asymmetry
with CP-averaged 9'’s:

(—) b i d
" 2T(BY — p%y) —T(B* — pty) }i\ﬁ< o
L= (—) Vu’IS w Vud

c;I'(BY = pPy) + I(B* = p*7) ‘ ‘

20 tension between WA WA __ /an+16 SM
and SM prediction AI _ (30—13) 7o AI =(5.2x2.8)%

PRD 88, 094004 (2013)
18



B — py Analysis strategy

Belle simulation

0.09
0.08
0.07

 Challenge due to large backgrounds from continuum: 0.06
0.05

* Driven by 72'0(}7) — yY, where one ¥ has 0.04

asymmetrically large energy. zgz

- Train 2 MVA classifiers to veto 7'/ 1 and to further 0'001

reduce continuum. 0.

P’y

(00) IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|

Improved performance at Belle Il
with TOP and ARICH detectors

- Large background from B — K*y decays (K — «
mis-identified):

: _ | High Kaon
K ID efficiency (data) A identification

:
;

|
o> g
A
O
@,
=}
2.8 e
>
o
<
O

0 4+ — : | ; | 5 | efficiency
‘For p” — w7, the m with the larger kaon 0.8 gt i i ety | ancl low
: o : : : B dt — 208 -1
identification is redefined as a K. - Jre=2s’ g Kfake

o
N

__ ................. .................. .................. .................. rate in full
v nmis-ID rate (data) | momentum
— S e IR S S — .| range

M, ., to extract the signal. WYYV Yy Vyyy

. vl 1 | - L1 1 1 | | I | 1 1 1 1 | 1 1
o5 1 15 2 25 3 35 4 45
Momentum [GeV/c] 19

-Include My as a fitting variable, along with AE and

K ID Efficiency/nt mis-ID rate

o
N
|




B — py Results

 \World’s most precise measurements.

c\T(; = t\’lc-; 60 —
S i - Belle B—pY (preliminary) S - Belle B°—p% (preliminary)
A - - 06 S 20 (L1 " S 0P oo
» A consistent with SM at U.00. 3 b % of T o
g : ‘5 30 ;—
% (B+ + 12 {7+2.02+1.00 10~ - 5 ?‘+ IR ISE!
BT — ) = ( ST . ) x 10 e T T T
( P ~1.92-1.17 _ 4 10 ;#*4
0 0 N e eamde 5o T T
_ 5.2 5.21 5.22 5.283 5.24 5.25 5.26 527 5.28 529 5.3
B (BO — poy) = (7.452'333%8) x 107’ M, (GeV/c?) M, (GeV/c?)
A Bt > pty) = (=8.41152+1L.3) ¢ Ng e B—>p (preliminary) T Belle Il B%—pCy (preliminary)
CP P Y= T_153-14) 7° s :_det = 2 s i sl
™ - B T ™ :
‘ B 5 40 [
_ +11.0+8.9) S 15 f 1 S F
AI (B — ,0}/) R (14°2—11.7—9.1 Te g = ‘~, [ *§ 30 |- ++
. 5 | l LT Tl wls ,‘
5 . B E mﬂ‘» T f . ' 10 -+ -{- M“:
Dominant systematics: of 4 s 0? S
. . . 5.2 5.21 522 5.23 5.24 5.25 5.26 5.27 5.28 5.29 25.3 5.2 5.21 56.22 5.23 5.24 5.25 5.26 5.27 5.28 5.29 25.3
» AB: Selection, peaking K*y yield M, (GeV/c?) M, (GeV/c?)

- Ap: Peaking BB Ap

. Aj: Uncertainty from f, _/f;, and lifetime ratio of B* to B".

PRD 107 L031102 (2023), PTEP 2022, 083C01 (2022)
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SearCh for BO — yy Full B ||

Belle Il datasets: 694 fb~! 362 fb~!
- _ +1.4 —8
» Very rare decay with By = (1.4777%) X 107,
' JHEP 12, 169 (2020) h» - W > ANANAN Y
. . q d
 Highly CKM suppressed relative to B, — yy. 20 v d
R S
» Challenging due to 2y final state; large d — < !
backgrounds.
b > ——/\ N
o q
Previous searches Limits B’ w- i Y q
L3 (73 pb~!) <39x107 i - q
Belle (104 tb~1) <62x107’ d > —» 4
BaBar (426 tb~1) <3.2x1077
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B? — yy Analysis strategy

» Signal reconstructed from 2 highly energetic photons with

E, € (1.4,3.4) GeV.

- Peaking background in M,,. from combinations of back-to-back off-

time photons — suppressed using photon timing cuts.

Veto candidates from asymmetric

* Dominant (90%) background contamination from e

0

and 7 decays.

e — qq.

* Event shape variables used in a BDT for discrimination.

= Probability integral transformation:

P

(o

=,
N 4

e 5GeV pp ~ 0.3GeV

ete”— Y(48)— BB

ete — qq with ¢ =u,d,s,c

Belle Il simulation

107"

N 3
; RN gy B s EXNN
NN BN NNNN
AR AL AL
NN

06 07 08 09 1

Significant improvement in
AFE resolution in Belle I

8 i . .
= °L" Belle simulation
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B" — yy Results

- Simultaneous 3D unbinned ML fit to My ., AE

/
and Cypr-
- Combined signal yield = 11.0%92.
- 2.50 significance.
B(B” = v7) B(B” = v7)
(at 90% CL)
Belle (5.4757% +£0.5) x 10~° <9.9x10°°
Belle 11 (1.737 4+ 0.3) x 107° <T74x107%
Combined (3.71%34+0.7) x 10~° <6.4x107°
u Expected
B <44%x1078

» Higher observed significance than expected (1.20).

» Sensitivity approaching SM prediction.

> Uncertainties are comparable between Belle and

Belle Il even though smaller dataset.

> 5x improvement over previous best UL.

W
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N
(6)
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o
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o
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- Preliminary

o
BELLE
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0 = = Background
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O Ut I OO k Run 2 is underway

* Robust radiative and electroweak <O
penguin program exploiting the full N L

20" February 2024

Belle and Run 1 Belle |l datasets.

T

e e eI\
f A

* Many more analyses in the

pipeline.
Expectations for the uncertainties on the signal strength u T
(relative to the SM strength) 2000 M- Target
Decay lab™" 5ab " 10ab ™" 50ab™" 2000

BT — K*vr  0.55 (0.37) 0.28 (0.19) 0.21 (0.14) 0.11 (0.08)

BY — ng 2.06 (1.37) 1.31 (0.87) 1.05 (0.70) 0.59 (0.40) 2000

BT — K*"vp 2.04 (1.45) 1.06 (0.75) 0.83 (0.59) 0.53 (0.38) 1000

B - K% 1.08 (0.72) 0.60 (0.40) 0.49 (0.33) 0.34 (0.23) Base

(Target) 0 ‘_-’ <

20/4/1 21/4/1 22/4/1 23/4/1 24/4/1 25/4/1 26/4/1 [YY/M/D]
Snowmass submission (most up-to-date prospects document)



https://arxiv.org/abs/2207.06307

Extra material



arXiv:2311.14647 [Accepted by PRD]

BT — K*vv ITA Systematics

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 u. 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, is 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 — KT 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 — K2 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



https://arxiv.org/abs/2311.14647

B — K*y Systematics

jor: 362 fb~!
| o * Preliminary
Source KKt |y | KKy | K*T[Kta%y | K*T[Kdrt]y
B counting 1.5 1.5 1.5 1.5 A
£/ f00 1.6 1.6 1.6 1.6 CP
v selection 0.9 0.9 0.9 0.9 Source KYOKTn~ ]y | K¥[KTrVy K*+[Kg7r+]7
7 veto 0.7 0.7 0.7 0.7 Fit bias 0.1 0.2 0.2
n veto 0.2 0.2 0.2 0.2 Signal PDF model 0.1 0.1 0.1
Tracking efficiency 0.5 0.5 0.2 0.7 KDE modelling 0.1 0.4 0.2
7wt selection 0.2 — — 0.2 BCS 0.1 0.5 0.2
K™ selection 0.4 — 0.4 — K™ asymmetry - 0.6 -
K g reconstruction — 1.4 — 1.4 Tr _asymmetry N N 0.6
7V reconstruction — 3.9 3.9 — K "™ asymmetry 0.5 _ _
2 selection 0.2 1.0 0.2 1.0 Total 04 0-9 0-7
CSBDT selection 0.3 0.4 0.4 0.3
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
Misreconstructed signal — 1.0 1.0 —
Total 2.6 5.4 4.9 3.2




B® — yy Systematics

BELLE
694 fb~! 362 fb~!

Preliminary

Signal yield
Signal efficiencies

Source Belle (%) Belle IT (%)
Photon Detection Efficiency 4.0 2.7 Source Belle Belle II
Reconstruction Efficiency (€rec) 0.6 0.5 (events) (events)
Nol(l)mber of BB 1.3 1.5 Fit bias +0.16 10.12
/ 20 - PDF parameterization o0 o
CepT requirement 0.4 0.9 1 . —0.48 —0.32
70 /m veto 0.3 0.4 Shape Modeling _|_00£6 +OO£4
Timing requirement efficiency 2.8 — Total (sum in quadrature) 1_0248 _t0:32

Total (sum in quadrature) 5.7 4.1




