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SuperKEKB

SuperKEKB and Belle Il S
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ol Nano-beam design:
New = Beam squeezing: X20 smaller; Beam current: X2 larger
Target peak luminosity: KEKBx30

P
New beam pipe SuperKEKB
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Amutipueese e | The Belle Il Detector

vertexing, PID, neutrals,

KLong and muon detector: h
3 e electrons, muons and Resistive Plate Chambers (barrel outer layers)

¢ hermeticity. Scintillator + WLSF + SiPM'’s (end-caps , inner 2

/ barrel layers) J
/ [ EM Calorimeter:
\ . Csl(Tl), waveform sampling i\\\\\\\\\\\\\ :

s ~ 10.58 GeV Add / modify RF systems ‘
for higher beam current ' : ication
electrons (7 GeV) — - ystem (barrel)
( Aerogel RICH (fwd)

Low emittance positrons
to inject

Damping ring ’ o
—_—

Vi &

Low emittance gun

>
li Positron source Beryllium beam pipe

2cm diameter

New positron target / ;
capture section

positrons (4 GeV)

Eo

. B
Central Drift Chamber \
He(50%):C2Hs(50%), small cells, long leve
arm, fast electronics (Core element), d

Low emittance electrons
to inject




| Belle and Belle Il Datasets

 Belle (1999 - 2012) In December 2024
¢ BE"E " RUN'I (2019 - 2023) WORLD RECORD: 5 1)(1034 Cm—zs—l
* Belle Il RUN-II (2014 - 2025)

Belle 1l Online luminosity Exp: 7-35 - All runs

° ° ° 17.5 4~ : T I e e e S L Ry L
Integrated luminosity of B factories Integrated luminosity 600
- B Recorded Weekly
fb™' P T — " -1
(1200 ) >1ab! g fBRecordeddt 575.47[fb™] . .—T
! ' l On resonance: Ty o
I—KEKB ——PEP-I| Y(5S): 121 fb_i § 7 B DRy (S e
_ L] Y (4S): 711 b~ £ i 2
1000 GELLE Y(3S): 3 fb~1 g 400 g
] Y(ZS): 25 ﬂ)—l 5 100- ................................................................................... g
-1
800 Y(1S): 6 fb (] i =
Off reson./scan: g 300 E
- 100 ﬂ')_l - 75 alsssaisssnsiisaiasisasissnnsssansaanastasassunssisassniiasodalliilsiciiiaann l E
600 ’ 5 g
; = - 200 €
B t ~ 550 fb! g B o i s s A | %
i = i)
400 [———rte —— Bl — e T On resonance: =5 ‘ o
/ Y (4S): 433 ! ks p Y F——— | R— 3 100
Y(3S): 30 b et
200 3 Y(2S): 14 !
/ﬁ Off resonance: 0.0 - 0
~54 b
o PR M N PR T R R " " L ’\9:19'
1998/1 2000/1 2002/1 2004/1 2006/1 2008/1 2010/1 2012/1 Date

Most data at or near the Y(4S) resonance, and 19.6 fb~1 near Y(10753).
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| International Belle Il collaboration

»““""‘.’T"”’"»i
Philippines

Beihang: Beihang Univ.(BUAA)

Fudan: Fudan Univ.

HNU: Henan Normal University

HUNNU: Hunan Normal University
IHEP-China: Institute of High Energy Physics(IHEP)
JLU: Jilin University

LNNU: LiaoNing Normal University(LNNU)
NNU: Nanjing Normal University

Nankai: Nankai University

SEU: Southeast University

Shandong: Shandong University
Soochow: Soochow University

Be"e " now h as grown tO 1229 iJsTTch: :mv ;fScienc:j?ndTechnologyofChina(USTC)
: Xi'an Jiaotong University
researchers from 28 countries/regions.

ZZU: Zhengzhou University




| Belle Il physics
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| Belle Il physics

Bs physics
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T physics

Belle Il Data

The Belle Il Physics Book:
[PTEP 2019 (2019) 12, 123C01]

Acp in Charm

Charmed baryon
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Hadronic, leptonic, and
semi-leptonic B decays



| Strategy for CP measurements

BB-pair entanglement — B-meson flavour is opposite to its pair at time of decay, then
oscillates in time.

CP-side

Boost

direction
My =/ (v/5/2)? - p "
AB =B —~/3/2 Tag-side

All results today involve hadronic tagging, except for R(D**)) and B — Kvv.



| B - p*p~

Goal: Branching fraction (B), polarisation (f;), CP asymmetry (S and C), ¢, measurement

This decay gives stringent constraints of ¢, due to small contribution from loop amplitude (b—d).
Mixing-induced CPV param.

5}

pul Events/0.01 GeV

Events / 0.025

Pull

Probability distribution

-

Helicity angle distribution

[arXiv: 2412.19624]

F Longitudinal polarisation fraction

P(At,q) = e Ssin(AmaAt) ! il 9[1(1 _ f)sin26,+ sin? 6
t,q) = {l+q sin(AmgAt = = —[— — fr)sin“6,+ sin“ 0 -
’ 41go [ I"dcosf,+dcosf,- 4] 4 R £
—C cos(AmgAt)] }, +f1 cos® 6+ cos? 0,,-] y
Direct CPV param. 4/
== Long. signal -=- Self-crossfeed qq B8 T { Data
==+ Trans. signal  ===-- Peaking backgrounds BB — Total
»0 | Belle IT preliminary s 150 F Belle I preliminary 1 g 150 F Belle IT preliminary -
£ dt = 365 b 1 & b [z dt = 365 m! 1 & b [z dt = 365 m! i .
oo [ = 1St/ | ¢ mo:_/* i | Extend MLfitto 6 obs: AE, m 1,0, T, and cosf ,+ to
100 { S | 1= ]
550 fett o Py i 5 oso T 'y extract Band [
50 = L4 | = t 1Y
= E TS~ 1 2 =TS~ ]
0 =l 9 — — £ 9 —
0 =0 - NP | _'._.-5 = 0 .I_..,.l_-_-______. N Il = . g
-3 B PR T &'_3:!.. I 15 m_B_'. | . .
-0.1 0.0 0.1 0.6 0.8 1.0 0.6 0.8 1.0 ReSUIts (Prellmlnary)
AE [GeV] M0 [GeV/c?] My [GeV/c?]
Belle II preliminary i Belle II preliminary E I Belle II preliminary 0 — ST — +023 + 029 -5
200 /Ldt=365 ! . - 000 i /Edt=365ﬂf‘ 1 = 000 [ /Edt=365ﬂ)" %(B p p ) (2.88—022 = 027) X 10
g ~ 400
oo [ 1 H < £ = 0.9210024 + 0017
Mot ] E 200 S & 200 L= Y72l o025 — 0015
g : _ g "-—':-‘-‘-hl—- 1 _o--;r_‘_v-:-" _ (3) '-—
Spr e BT w T ESE
00 02 04 06 08 1.0 -1.0 -05 0.0 0.5 -1.0
Tc cosf,




[arXiv: 2412.19624]

| B - p*p~

\%A+— + Aoo = Ao
1 - _ _
Extend ML fit to At to extract S and C: Constraining ¢, vate e = Ao
100  Perform isospin analysis based on the amplitude
w0 Belle I preliminary ¢ po tag - of longitudinally polarized B — p'p/, Ajj
2 f/ﬁ dt =365 g & Egl « Constrain using this measurement + World
S o0 Averages (BaBar, Belle, and LHCb)
é 20 E 4 Belle II preliminary B—pp ( WA + Belle II (2024))
@ 20 f ) = 2611 '
0F 5
: _( o)| 5+4.8 )o 40
‘qg 0.3 ¢2 —3.2 I S S R
0.0 . .
03 : Dominated by systematics from 5 T —
< = TR TRV USSR S RN BTN SR 000 20 a0 60 8 100 120 140 160
6 -4 -2 0 2 4 6 S

Second solution of ¢, excluded by ¢,

At [ps]
and ¢; measurements

S=-026x0.19 £0.08

C=—002+0.12+0.05 Good agreement with previous BaBar (2007) and Belle (2016)

with equivalent BaBar and ~50% of Belle equivalent luminosity !
10



https://www.doi.org/%2010.1103/PhysRevD.76.052007
https://www.doi.org/%2010.1103/PhysRevD.93.032010

I Search for BT —» r"‘vT [arXiv: 2502.04885]

* Precise BF value is important to check consistency with SM predictions / constrain new physics
BB — 1) > BB — uv) > BB — ev)
>

* Potential modes to precisely measure |V, |
* Challenging (particularly, T mode) due to undetected neutrinos in the final state

Results (Preliminary) 30 significance
Validate simulations/efficiency/modelling using control channels B —
* *0
X¢v,B -» D™, and B - D*%¢v,, then BB - tr1) = (1.24 £ 0.41 £0.19) x 10~
. . . 2 extra
Simultaneous binned ML 2D fitto M. , Eg~' e
— —————— — N N T B N I M L g W - r T T T 1T T T T T T T
| Belle II Preliminary —— Sig x30 77771 Fit Unc. | iBelle II Preliminary — Sigx30 227 Fit Unc.j _E_i_,_ Belle II (365 fb~1, hadronic)
zsoo}fﬁdt=365 fb~! == i‘)‘tg + Data : 4000§f£dt=365 fo~! _ ?(l)‘tg + Daia ] i 1.24 £0.41 +£0.19 Preliminary _

35001 . it
- ] o, BaBar (417.6 fb~!, semileptonic)

2000r 3000F + 5 i 1.7:£0.8 £0.2 PRD 81(2010)051101
£ g ] i
B [.2500 ] it _,  BaBar (426 fb~!, hadronic)
_,g 42 ] ] i 1.831333 £0.24  PRD 88(2013)3,031102
g g 2000F 3
& Qo :
1000 15000 * ] —o Belle (711 fb~!, hadronic)
I i ] i 0.72%337 £0.11  PRL110(2013)13,131801
I 1000 . i
500 : ] i, Belle (711 fb~1, semileptonic)
500F — - i 1.25 +0.28 +£0.27 PRD 92(2015)5,051102
] [ r d | R 1
L - 1 r 4 ] b 1
[ L L T I I‘..‘.i]l . R U RS ST SRS
8.0 0.2 0.4 0.6 0.8 1.0 97 =5 0 5 10 15 20 25 0 2 4 6 8

EEEE® (GeV) M2, (GeVZ/ch) B(B* —7tv,) (x107%) 11



I R(D) alld R(D*) R(D(*)+) _ B(EO — D(*)+7'_’7¢)

BB’ — DWti i)
* In SM, the W boson couples equally to 7, u, e = Lepton-Flavor Universality (LFU)

e Ratio measuremnts provide strigent LFU tests: branching fractions, angular asymmetry, etc.

* Normalization (| Vyp |) cancels

e Part of theoretical, experimental uncertainties cancels

" 68% CL tontours

Goal: R(D*) and R(D™*) measurement using semi-
leptonic tagged approach (First results)

Reconstruction: : :

* Use semi-leptonic FEI to reconstruct the B, R R KD)-032 20026,

. . B R(D*) = 0.254 +0.005 g& 5)();325% .

* B, is reconstructed from D™, leptons, and leptonic R e -
T decays

Combined deviation from SM stands at 3.30

12



I R(D) and R(D") [arXiv: 2504.11220]

Signal eXtraCtion Results (Preliminary)

2D binned log-likelihood fit to z; and Z4iff = 2 = Zpkg

The three classification scores are denoted as 3, 3y, and Zyy, for
semitauonic, semileptonic, and background events, respectively.
Input BDT variables: angular, momenta of £ and D™, and E, extra.

R(D') = 0.418 £ 0.074 (stat) & 0.051 (syst)
R(D*") = 0.306 + 0.034 (stat) & 0.018 (syst)

9500 Belle II [cdt=365fb1
m B%-D * Ty, D*te 250 0.45 1
Belle Il had. tag
Em 5Dt post-fit + SsM[28] — 2024 (22
s This work 39.3% CI SM exp. R(Xr)
_0 - R, . 0, : T
9000 | E =D * v, _— u‘o';:’:;"efaz: % Cl ___ Belle Il had. R(X) [23]
pm BO-D* v, 200 : HFLAV 2024 [24]
B B°-D"" * v, +B%-»Dy, IV, inD*!

B B%-D™" * [V, + B°-Dy,,t tV; in D™+

B BB and Continuum Bkg. in D *¢
B BB and Continuum Bkg. in D**¢

/ /s Uncertainty
¢® Data

1500 |

—_
at
O

1000 |

—_
o
S

Number of events

Number of events

200

ot
(e}

0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55
0 R(D)

0

0 2 4 6 8 10 12 14 16 18 20
, « Results are compatible with SM within 1.7¢
Z4if VS. Zr bin number 13



rare B decays



|B—>Kv17

Belle Il is measuring the rare decay of .
a B meson, created by SuperKEKB, ’"

into a K meson and two neutrinos. ‘

neutrino

up quark

The high-precision calculability of the probability of this decay
makes it easy to validate the Standard Model.

Penguin diagram Box diagram

<
EW‘

s

c,t
h — <
u >
b)

« The process is known with high accuracy in
the SM: B(B - Kwv) = (5.6+0.4)x107°
[PRD 107, 014511 (2023)]

e Extensions beyond SM may lead to
significant rate increase.

* Very challenging experimentally, not yet
observed

15



| Two ways of tagging

Hadronic tagging (HTA)

K=o g2,

- Inclusive tagging (ITA)

Ki
\ g2,

Efficiency

g2, : mass squared
of the neutrino pair

Other
tracks and clusters

in the event Purity, Resolution

<

B

tag

— hadrons,e.g B - DUnrn

* New technique from Belle Il with inclusive ROE (Rest of Event) tagging (X 10—20 efficiency,

but large backgrounds)
e Add some ML/AI (boosted decision trees or BDTs) to help suppress the large backgrounds. 15



| First evidence for B - Kvv

I

I

e Extract signal from maximum likelihood fit !

. . . 2 !

[ J * .

Inclu5|v.e tag: in b|.ns of qfec and N(BDT5,) .

* Hadronic tag: in bins of n(BDTy},) |

I

B(B - Kwv) = (2.7 + 0.5(stat) + 0.5(syst))x10~> (inclusive tag) :

B(B - Kvv) = (1.1%g3(stat)*)2(syst))x10> (hadronic tag)

Inclusive tag n(BDT.) Hadronic tag I

0.92 0.94 0.96 0.98 1.0 195 I

; : i elle reliminar B 5K v ,

0 Belle 11 prehmlnary : 3.50- — 100 ]}’gldtligfi;fb_l Y o 375 i

E [Ldt= (362 2) 1" - oK | o ' i -

§ E = B'B° } - 1 1 e I

£ 2000 =il 8 : do ; :

% B Continuum fg ,

c% { Data "5 |
. -

O 1000 % :

o |

I

0 0 :

E . : : : E ¢ !

_5-1 4 8 251 4 8 25F1 4 8 25F1 4 8 25 _%.4 of5 0?6 of7 O.IS 019 1.0-

G [GeV?/c] n(BDTh) .

[PRD 109, 112006 (2024)]

Combination and comparisons with
other measurements:

B(B —» Kw) = (2.3 +0.7)x107°
Significance: 3.50

~ SM A\[']ell'age
0.497 +0.037 340
i —— Belle IT (362 fb™!, combined)
1 2.3+0.7 This analysis, preliminary
: I
E__O.I_' Bcllo II (362 fb!, hadronic)
E 1 1.1+ 1.1 This analysis, preliminary
: N B( e 11 (362 fb!, inclusive)
1 +0.7 This analysis, preliminary
I
: o Belle IT (63 fbL, inclusive)
1.9+1.5 PRLI127, 181802
I
o Belle (711 b, semileptonic)
1 1.040.6 PRD96, 091101
| Py Belle (711 fb™!, hadronic)
: 294+1.6 PRDS87, 111103
—iel BaBar (418 fb™!, semileptonic)
. : 0.240.8 PRDS82, 112002
= BaBar (429 fb!, hadronic)
H 1 1.5+1.3 PRD87, 112005
R T N O I T T
0 2 4 6 8 10

10° x Br(BT—=K *vp)

The signal is 2.70 above the

SM expectation. 17



I Search for BO - Kg’l'if-l_ [arXiv: 2412.16470]

* Flavor changing neutral current processes are
forbidden in SM at tree level.
* NP models that accommodate the b — ct€ anomalies

predict an enhancement of several orders of magnitude NonSM particle
With T. B°— Koty B’— Kltut
® Never Searched for before N§125 Belle+Belle Il preli-r1ninaryS :gfgsal . %125 Belle+Belle Il preli:ninaryS :(D;|ac:§a| it
. . §10_— Ldt = 711+365 fb - Signal §10? Ldt = 711+365 fb - Signal
° ngh Kg plll'lty (>980/0) g 83_Nsig=-1'8=3'0 ..... Bagckground g 8:_Nsig=2-6=3-5 ..... Bagckground
« Search in 1-prong t decays: T+ — £Tvv, v, ptv gs J : |
* Fit recoil Tt mass (M,) for signal extraction 5 I HLQ § 4
w 2r : i w [
.‘ of VL LT T 2|
0 0 5 i i 1 L a L
BB” - Kerttp™) < 1.1 X 10~ R T M R TR O Ry )
eV/c? eV/c2
0 0,.—,, + -5 B'—> Kor'e' B'— Kore*
L%(B _) KST ” ) < 3-6 x 10 N§»15:_Belle+Belle Il preliminary > —— Data 1015}Belle+BeIIeIIpreIiminary > —— Data
r = -1 — Gilobal fit b =711+ -1 — Global fit
0 5 KOr+p— =5 %14§£dt=_.17.;l+:j5fb - Signal é”i&dt: ok -~ Signal
ST e o S12™ “r— = Background 0'125 : Background
0 0_— + -5 T1of rall;
ABB” - K;t7e™) <0.8%x10 8s 2af
S £ 2 f 2 gf
56 5.l
r | 4r
at 90% CL B gt bt il B
AL T
—_ 0:_'.'..'l'f'.'fl".".'?'l".‘.‘r'.'..'l').'.'l".'.'?'l'f :...l...|...|,.."|...|‘..|...|‘
First search for B? — Kgl'i Pt decays 1 12 14 16 18 2 &.%Ges.;zz) 2112 14 16 18 2 ni'%ees'/;) 5




| search for B®

* Non-SM particles, explaining recent anomalies, would
enhance BF upto 0(10°) due to presence of two s

« Main challenge: no signal peaking kinematic observable
due to multiple undetected neutrinos

» Relies on missing energy information and residual
calorimeter energy; Belle II is ideally suited

Combinations of sub-track from 7 lead

- KO0ttt

RBE =18x1073

[arXiv: 2504.10042]

BDT is trained using missing energy, extra cluster energy in EM
calorimeter, M(K *Otr), qz,etc

160 Bellen preliminary mm B-K*OttT— ]

140 | [Ldt=362 fb~! == 5B

{f category: post-fit qq
kel £ 272 Uncertainty

data

100

80

Events / bin

60

40

20

0

O a
g 1,25

5 1.0
8075}

0'5 | 1 1 1 1
0.4 0.5 0.6 0.7 0.8 0.9 1.0

n(BDT)

Twice better with only half sample wrt Belle!

at 907% confidence level Better tagging + more categories + BDT classifer...

o

to 4 categories: £, ' r, i, pX

The most stringent limitonthe B® — K %"t~ decay 4
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| Acin D° — K2K?

Charm-flavor-tag (CFT) DO: exploits the correlation
between the flavor of a D® meson and the electric
charges of particles reconstructed in the rest of the
ete™ — cC event [PRD 107, 112010 (2023)].

same side (ss)

CFT-tag
opposite side (os)
=] -t—C-4— @
K*(5u)

> ¢ —b— DO(ci) <

signal decay

Double the size of sample compered to D*-tag

Fit m(K2K?) and product of tagged flavor q and tag quality r:

Candidates per 1 MeV/c?

700 l} .

; - Bellell Ldt =428 fb™
600F 43 | ]
500 | ; f D_ata

[ 1 —Fit
L 7)) D*—K K
300f — - Background

ot 7

O LYl sAL ( L

T T T T T T T T T T

m(KK?) [GeV/c2]

Candidates per 0.01

1805
160}
140}
120 ff
100

—r 1 1 rrr ] 1117

Belle Il j Ldt = 428 fb™’

40l J a'%}lu
| Psdaleil, ///?///

R

[Preliminary results]

-1

<.

i Method Ace [%]
| D*-tag [PRD 111, 012015] -14+£13+0.1
ﬁ CFTtag ................................................................. T L B
Combination -0.6x1.1x0.1

World’s best determination!

21



I =. branching fractions

Reconstruct

I - ¥*KY?,

=+ ~0+
e > ZEYKT,

Events/4.0 [MeV/c?]

Events/4.0 [MeV/c?]

1000

3]
[=3
=]

Pull
Lbonvas o

300

200

100

Pull
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Belle [ Ldt = 983.0 b1

I~ —— Data

- — Total fit

— —— Total Background
- Broken signal

(c)

preliminary

Adoid
B Raac ~haa

E_- =S M, " —__l_,l—l' ﬂ-
24 245 25 255
M(E%) [GeV/c?
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[ —— Data
| — Total fit
L —T:tal Background (e)
[ SEEs sone preliminary

ety
24 245 25 2.55
M(Z°K*) [GeV/c?]

800

600

400

Events/4.0 [MeV/c?]

200

Pull
Abonas o

150

Events/4.0 [MeV/c?]

B2 - 201t (Scs)

Belle Il [ Ldt = 427.9 fb~!

—— Data

— Total fit

—— Total Background
Broken signal

(d)
preliminary

" 1 " PR ST [ S S S— | IS S S— 1

e e e

24

2.45 2.5 2.55
M(=’r+) [GeV/c?)
Belle II [ Ldt = 427.9 fb~!
[ —— Data
I~ —— Total fit
—_— T:m Background (f)
SroRn signel preliminary

Lo}

24 2.45 25

M(EK") [GeV/c?

2.55

ete™ - EF + anything

Events/ 2.0 [MeV/c?] Events/ 2.0 [MeV/c?]

Events/ 2.0 [MeV/c?]

800

Belle [ Ldt = 983.0 fb~!

—— Data

C (al) 3
B . — Total Fit i
L preliminary ... Conbatatals
600 5 Background |
a0 ]
200 -— =
ol . :
2 § E‘r%w—*pw S ‘-«'\r‘—-,r-'.r-‘-.‘%
24 245 o 25 2.55
M(pKS) [GeV/c?
Belle [ Ldt = 983.0 fb~!
C '(bl) —+ Data
400 L — Total Fit
C prehmlnary """ Combinatorial
N Background
o =v_ 50, +
300 [ (=AY
0 L
“h2g 245 25 255
M(Ar") [GeV/c?]
Belle [ Ldt = 983.0 fb~!
'(C]. ) - i)atn T
< — Total Fit ]
prehmmar)’ """ Combinatorial |
Background
=0 ATy ]
100 =,
ol— i 1
= 35
& 3 Y T N _.I-I S
24 245 25 2.55
M(=%x*) [GeV/c?]

Events/ 2.0 [MeV/c?] Events/ 2.0 [MeV/c?

Events/ 2.0 [MeV/c?]

200

100

Pull

o O

100

Pull

1

PuII

00—

50

0

2
0
-2

Belle Il [ Ldt = 427.9 fb~!

L ( a2) —— Data
o L. ~— Total Fit
F P relimin ary ++++ Combinatorial

Background

TR T T W W [ T

L L

E»J_L. e B T it B i R J\fg
24 255

245 25
M(pK?) [GeV/c?]

Belle I [ £dt = 427.9 fb~?

v T
- (b2) e
L . = Total Fit
. I.)I'Gllllllllal‘\;’ ++++ Combinatorial |
. Background
- ceee E3—Ay R A

1 X C A A
E.,,‘L,, g, l.rlu,, -~
24 245 25 255

M(Ar") [GeV/c?]

Belle I [ Ldt = 427.9 fb~1

T

" (c2) B 9 ]
: — Total Fit 7
pr ellmlnary ==+ Combinatorial —]

Background -
con AY(—AR")y

._T" ;
E“'v "“-1'] If‘"'r" S B .J_‘—‘Ha

2.45 25 2.55
M(=*) [GeV/c?

1

22



I =. branching fractions

First or most precise measurements!

[Preliminary results]

Zou et al. [4]

Geng et al. [5]

Zhao et al. [6]
Hsiao et al. (I) [7]
Hsiao et al. (II) [7]
Huang et al. [8]
Xing et al. [9]

Liu et al. (I) [10]
Liu et al. (II) [10]
Zhong et al. (I) [11]
Zhong et al. (II) [11]

CLEO Collaboration [12]

Belle and Belle 11

; ‘ ' combined measurements
0.0 0.8 1.6 1 2 0.0 0.1 0.2

BEY - tK)(%) BEF - 2%2%) (%) BE - E°K1)(%)

[JHEP 03 (2025) 061]
. @ (¢)
i WMARNARNE WAl TR

B(Ei—pK) x 10°

B(Ei—An") x 10*

B(E:—=7") x 10°

Zou et.al [12]

Geng et.al [13]
Geng et.al [14]
Huang et.al [15]
Zhong et.al (I) [16]
Zhong et.al (II) [16]
Xing et.al [17]
Geng et.al [18]

Liu [19]

Zhong et.al (I) [20]
Zhong et.al (II) [20]
Zhao et.al [21]
Hsiao et.al (I) [22]
Hsiao et.al (II) [22]

Belle and Belle 11
combined measurement
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The Y(10753) was first discovered in Tt~ Y(nS) final states

I Bottomonium using scan data by Belle [JHEP 10, 220 (2019)].

S 4F
: , — g | Y,(10753) Y(5S) Y(6S)
Conventional bottomonium (pure bb states) & ; " J ”}[
. . . T = -
Bottomonium-like states (mix of bb and BB) @ 2 i l[ it | Hl i
Exotic charged states (Z;)) ® 0 J{] UI%L L{:*L‘H L 1} y .
1?0 3‘51 1?1 3|I)° 3|l;1 3|I:2 3‘D2 - I
Y(6S) | TR 7 B TE RS TRt S SR A
11000 - Q :
Vos) 8 Y,(10753) jpiss)  x(es)
Thresholds: .: ; { i
10800-_._.__._._._ ekl ._._._._._._4_._._._._._._._._._._._._._._4_._,_._?5§§_. (:(J)\ _{1 I{}
I | T T e e L i S Ny
t0s00{ _ " I e of A
rTRIEL] Xo2(3P) ; HU 11
10400 L 5| I
" b2(2P) FUR - O VP VS A VY AU, VUSSR S VS G W VO WP VU VS S W WU G VS i G G
- clealgy ot 8 Y,(10753) Y(5S) Y(6S)
10200 - Y>2(1D) e
o Y(25) ” 5 . L H
10000{ 22 . = 1 WH ‘
e ° N
9800 0 — I l
nn
9600 105 06 107 108 109 1
E., (GeV)
94004 1aS) Y(15 .
Recently, Belle Il collected 19 fb! of unique data around

0-+ 1-- 1+~ 0++ L 2+ 27 Vs ~ 10.75 GeV to study the nature of the Y(10753). 75

jPC



-»-Belle data

6 -+ Belle Il data
== Total fit

107 108 109 11

(s (GeV)

: - Belle data
. =Belle Il data
— ==Total fit

]

107 108 10.9 11

-»-Belle data

== Belle Il data
== Total fit

wXpy and e*e” = (Tt 1) 00— Xp) at Belle and Belle I

[Preliminary results]

Y(10753) mass

(10756.1+4.3) MeV/c?

Y(10753) width

(32.2+18.7) MeV

107 108 109 11

s (GeV)

- -=-Belle data
-~ =Belle || data
| —Total fit

The mass and width are consistent
with those from ete™ —» ¥t~ Y (nS)
measuremnt [JHEP 07, 116 (2024)].

0(e+e'—>xb j(1P)w)

o(ete-—Y(nS)ntm)
&~ N

1.5 at /s ~ 10.75 GeV

0.15 at /s ~ 10.867 GeV

This may indicate the difference in the
internal structures of Y(10753) and

Y(10860).

* The (M 1%) 00— Xpj €XCESS Maybe
due the cascade decay of
Y(10860,11020) — Zpm — xp;pT
[PRD 90, 014036 (2014)]. 26



| Evidence of P, (4459) at Belle [arXiv:2502.09951]

15
-~ Data 3.30 D> - OZl suppressed decays of Y(1S) and Y(25)
T LD rich in gluons:
N i ""fol“;lﬁ;“ e  enhanced baryon production
- oo dldepana 11 4~
B 10— -~ no-P simulation I HOARLGG) * PentaquarkS?
- sideband 158MAI0(25) . .
>. I - Select inclusive Y (1S, 2S) — J/WA + X decays,
g I T I then search for P.gzg = J/WA in M(J/YA)
7 E
-:':’ | } - 4.00 local significance with free mass and
g [ T dElT j width
= [ glE -'J ) | |
11 Wl ;T i1 - 3.30 significance with the Gaussian
tﬁ LT‘H‘} constraints from LHCb measurement [Sci.
R N TR . 1L e | Bull. 66, 1278 (2021)]
4.4 4.5 4.6 4.7 : 2Ty
m—m —
M(J/wA) (GeV/c?) 2L+ S e

2
Omo UFO
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Tau and dark sector



oy T decay modes

| T physics

SuperKEKB as a T factory W others
3

& =0
L 3n=mn’v

m*vy
m*2mo

e ete™ collider produce T lepton pairs at high rate

— - > lepton favour/number violation, CKM unitarity, CP
violation, ...

! Advantages at Belle ll: :
1 v High luminosity :
Y | v Good vertexing and tracking capabilities :
|
|

e+ T+ 0 50 1
/ - prong AW Taupair events are produced
4 P to‘%‘/ [ ’7\‘ S back-to-back and each tau is
0‘(6 e —>T'T )= 0.92nb L / L /@g reconstructed via 1 or 3
\~ \ 3t’;1p gl’:;‘f / charged tracks.

o(ete” — BB)=1.05nb
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| Lepton-Flavour Violation in T physics

Lepton flavour violation is only allowed by:

e Neutrino oscillations O(107>°)

far beyond current experimental sensitivities

e New Physics models O(108)

e.g. Leptoquarks for 7= — ¢~ V© deals with R(K*?)
anomalies

[JHEP 09 (2024) 062] T > AA)T:

1.0

0.5

AE [Gev]

-0.5

-1.0

[Preliminary results]

Search for T —» #K°:
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—— Signal region e
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4+ Data (b)

PRD 110, 112003 (2024)
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. B (1t - e(WKY) < 0.8(1.2)x10
0.3 -

AEs, = EX —\/5/2

BYL(t - ppp) < 1.9%x1078

Less data, more restrictive than Belle
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The most stringent constraints 30




I A dark Higgs boson in association with inelastic dark matter
[Preliminary results]

Dark photon A’, dark Higgs h’, and two dark matter states x4, x»

©
=)

o
=)

Events / (0.28 GeV/c?)

N W
o o o

2
<)

+
put, ot Kt

o
o

S
=)

Belle Il [£dt=365 fb?
[ Preliminary
Reco Channel: h'(-»n*tn)x2(—»e*e™)

ete -yy
ete" > BB
ete”-qq
ete"osete ete™ |

=
o

ete >ttt (y)
mn MC stat. unc.
¢ Data

2.0 2.5 3.0
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pointing

B o

1
I
in °

5
%
N
7N
X1 0 “
--------- "\
_________ .
+ o
.
€ X1
\\
\\
/
N
\\

non pointing €

cut-and-count strategy in My, (x*x7)
distributions

No signicant excess found

8 events observed consistent with
expected background

Convert UL at 90% C.L. of

olee™ = xxh')xB(x, = xiete)x
B(h' = x*x~) to mixing angle 6

4 tracks in the final state
2 forming a pointing dispaced vertex

mising energy

Looking for simultaneous production of A’ and h’

£
1) 10~ [ S - ]
1072 . LHCDb
10-3
-4
+0 Belle Il
(this work)
-5 ap = O.lﬂ
10 PS191 eE=1.5%10""71
BaBar m(x1) = 2.5 GeV/c?
m(A’) =3m(x1)
107°¢ Belle Il fﬁdt: 365 fb~* Preliminary Am=0.4 m()ﬁ) 3
107 10° 10!

m(h’) (GeV/c?)
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Summary

- Belle Il and Belle hold a unique data sample. A number of interesting
measurements have been already performed in different fields, such as

* First evidence for B — Kvv, first search for B —» K%t¥#7¥, and most stringent UL for B —
K*Ot*t™
* World’s best determination for Az in D® = KIKY, first or most precise measurements for

some charmed baryon decays
* Properties study of Y(10753), unique in Belle Il

e 1 factory! Precise property measurements and search for NP

- Only 1% of target luminosity collected so far. Stay tuned for more exciting

results from Belle 1.
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Thanks for your attention!
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Exclusive: B — nlv,B — plv, B — DOy, etc

I CKM matrix EIement %“IVXMZXIFI“(QZ)I2 Form factor from LCSR, LQCD

Belle Il important task: Inclusive: B — Xulv»B — Xcll;

Constrain CKM unitarity triangle & test SM B Vol PO aim) +2bat ] From OPE

"IH_'4-8:' LSS | 'A' ol e | T 2'_| P ':

(f_) ’T_] ) Vu d Vu S Vub E_o :j 5: E:;::: :vj 'l':f:’lfiécmu :é

Vea Ves Ve 2 Tt B

Ve Ves Va A

36F S -

34F Excl.; ./ =

32fF -

= HFLAV &

2.8 ;- | | | | P(xijzzzz:.wol —i

(1.0) T 36 38 40 4 4

[Vl [107]

ub__¢- Several measurements carried out by Belle and Belle II:
Biv

|V.,] - Angular coefficients of B — D*[v Belle: PRL 133, 131801 (2024)

i (v, | ~Vulfrom B — (,p)ly simultaneous analysis  New from Belle |
4l imultaneous inclusive and exclusive [Vu| Beje: PRI 131, 211801 (2023)

¢ | Vi |
ub . A . i

w / V] - Ratio of inclusive b — ¢ and b — u decays Belle: arXiv: 2311.00458
cb
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must exceed 1 GeV. The cosine of the angle between the
B meson’s momentum and its visible decay products in
the c.m. frame is defined as

2 2
2EbearnEY —Mmp — My

2|ps| Py

cosfpy =

, (2)

where FEj.,,, is the beam energy, mp is the B meson
mass, and |pg| is its momentum, computed from m g and

Epeur. Here Y = D™/ represents the system of visible

(Normalisation) | mem Bo-D** v,

. mmm BB and Continuum Bkg. in D**/

mmm 5°-D"" * W, + B°-Dyyt (% in DL |
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. 2
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| Data-taking plan at Belle Il

Peak luminosity [x10°°cm2s!]

N

Peak luminosity

- w/ QCS upgrade
6 i [ in LS2

w/ QCS upgrade

5 :— [ = inLs2

inLS2

Integrated luminosity (delivered)
_ w/o QCS upgrade ]

inLS2

_ w/o QCS upgrade

~N
S

=)
S

n
S

A
S

: “330

Jan 2024 Jan 2029

Jan 2034

Integrated luminosity (delivered) [ab™']

 Until 2026, about 1 ab™?!

data, comparable to Belle

e Until 2029, about 4 ab™ 1!

data.
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