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SuperKEKB collider World record instantaneous luminosity: 5.1 X 103* /cm?/s

Belle Il detector

* Asymmetric e*e~ collider
e Vs=M(Y(4S))=10.58 GeV
* Design luminosity : 6 X 10 ¢cm2s’!
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* Improvements from KEKB
* Nano beam scheme
* Higher design beam currents
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Nano-Beam SuperKEKB
o,~10pm,c,~60nm
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K-long and Muon Detector (KLM)
Belle 11 Detector Alternating iron and detector plates

Near-hermetic multipurpose detector Scintillator / Resistive Plate Chamber
At SuperKEKB collider Muon ID efficiency 90% at 2% fake

Particle Identification

Aerogel RICH in the forward endcap
Time-of-Propagation counter in the barrel \\\
K/n ID : K efficiency 90% at 1.8% = fake

Trigger and DAQ

e LI Trigger rate 30 kHz (design)

* New trigger line for low-
multiplicity events

* Independent CDC and ECL
trigger modes

* Software based HLT

7 GeV e

Vertex Detector (VXD)

Inner 2 layers : Pixel

Outer 4 layers : Double side strip
o(Track impact parameter) ~ 15 um

4 GeV e?

- Electromagnetic Calorimeter (ECL)
* CsI(TI) crystals + Waveform fit

* Electron ID eft. 90% at <0.1% fake
* Energy resolution 1.6-4%

* 94% of solid angle coverage

Central Drift Chamber (CDC)
91% of solid angle coverage

o(pr)/pr ~ 0.4% xp;
dE/dx resolution 5% (low-p PID)
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Belle 11 Collaboration

1208 members
124 institutions
28 countries

America

Japan

Russia

Europe
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Belle II run 1 (2019-2022), run 2 (2024 -)

Belle Il Online luminosity Exp: 7-35 L. =975 fb!
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The Belle II experiment provides very wide field of researches

By now 82 results were published
on various topics distributed

(bit arbitrary):
CKM elements 7
CP violation and CKM unitarity- 16

triangle phases

Direct searches for BSM particlesin 8
various scenarios

Search for lepton flavor violation 9
Bottomonium and charmonium 21
physics, b and ¢ hadron decays

Exotic hadrons 1
QCD, hadronic cross sections 4
Lepton flavor universality S
Particle parameters 6
Detector, methodics 5

Some latest results

Measurement of the t-lepton mass

Search for the lepton-flavor-violating t= — e T1£1~, I7 K
Search for an Axion-Like Particle in B - K™ a(- yy) decays
Determination of |V, | using B = Dlv, decays

Evidence for Bt - K*vv decays

Measurement of B* — t*v, branching fraction with a
hadronic tagging method at Belle |l

Measurement of the time-integrated CP asymmetry in D° —
KK decays using opposite-side flavor tagging

Test of lepton flavor universality with measurements of R(D*)
and R(D™) using semileptonic tagging at the Belle Il
experiment

Measurement of the e*e™ - mtm~° cross section in the
energy range 0.62-3.50 GeV

In this talk we discuss only two different directions of studies — rare electroweak
decaysand precise measuremerts ofothe hridronterereoss seettons 6



B* - T'v_ (2502.04885)

This 1s the purely leptonic B decay which can be easily
calculated within SM:

- -2
G2 mpm? m?2
+ +, )= KB 2 2
B(B — T I/T)— 3 T 1—m% fB|Vub| TB

The experimental value of the B(B—7v,) can be used for independent evaluation of
the V.

On the other hand, a difference of B(B—tv,) from SM calculation would indicate
a presense of NP.

This analysis requires a reconstruction of both, tagging and signal, B mesons.
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B

tag
B

tag

Fully reconstruct B,

selection

is reconstructed in the hadronic final state
(semileptonic also possible)

in thousands of hadronic decay
modes using “Full Event Interpretation” (FEI)

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

Comput. Softw. Big Sci. 3, 6 (2019)

Further cuts on Btag

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

Belle 1l preliminary
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B, selection

Signal B* — ttv_decay reconstructed with an e, u*, nt, or p* - ntn®
* Veto events with additional tracks

* Assign all non-B,,, ECL (calorimeter) clusters (passing photon quality cuts), to the
“rest of the event” (ROE).

ROE

The two most discriminating observables based on the
ROE are the total residual energy from neutral clusters
in the ECL (E£¥?) , and the square of missing four-

momentum (M2, ) calculated using the known beam
energies and all the reconstructed objects:

p;;liss — (ZEgeam'OrOrO)'pzag 'p;ig 'pEOEr
MZ

*k
miss ~ (pmiss)2
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Signal extraction

The branching fraction B(B—>7v)) 1s
obtained from a simultaneous binned
maximum likelihood fit to all of the
four 1" categories. The PDFs are 2D
histograms of M2 ... and EE£{7® with
10x10 uniform binning, W1th

—10 < M7, < 26 GeV /c* and
Xra< 1 GeV.

Eg
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Signal

Background

PDFs for the leptonic and hadronic modes
(Simulation)
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Fit 1D projections
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Results

94 + 31 signal events
IV bSIM ISVNIIJI

:I I I I I | I I I I I I I I
4, BelleII (365 fb~!, hadronic)
1.24 £0.41 £0.19

4— e BaBar (417.6 fb™!, semileptonic)

1.7 08 £0.2 PRD 81(2010)051101

__+ BaBar (426 fb~!, hadronic)

1
|
1
1
1
1
1
1
|
! 1.831933 £0.24  PRD 88(2013)3,031102
1
1
1
1
1
1

_o Belle (711 fb~!, hadronic)
0.72%337 £0.11  PRL 110(2013)13,131801

F

Belle (711 fb~!, semileptonic)
1.25 £0.28 = 0.27 PRD 92(2015)5,051102

"0 2 4 6 8
B(BT = 7tv,) (x107%)

27.08.2025

World average BR goes from
1.09 £ 0.24 x 10~ to
1.12 +£0.21 x 1074

Leads to:
Vo (Tv) = 4.197038 x 1073
Relative uncertainty: +9% —10%

Compare [HFLAV]:
V,incl=4.064+0.12 4+ 0.11 X 103
V,,excl=3.764+0.064+0.19 X 103
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Rare B decay B—>K vv

4 i
v
70 ){ / ft
Wt o v N
rﬁ%ﬁ. W+ 5" B 55 W-
_ (g u,c,t _22 o 3 u,c,t s B
b -t -t < s } -— - —f S
- U - U

Flavour-Changing Neutral Currents (FCNC),
are suppressed 1n the Standard Model (SM)

The branching fraction of B—Kvv was calculated via SM with high accuracy
(arXiv:2207.13371) B(B—Kvv)=(5.6 £0.4)x107¢

In case of a difference with experimental value this would indicate some
extension of SM.

This 1s not observed yet due to low branching fraction, high background

contributions and no peaking variables to separate signal
27.08.2025 13



— : arXiv :2311.14647]
B—-oKvv analySIS F?é[%og, 112006 (2024)

Two branches of the analysis : inclusive tagging (eff = 8%) conventional hadronic tagging (eff = 0.4%)
o background suppression is based on the events properties with multiple variables combined

o classifier output is used as (one of ) the fit variables, with signal and background templates from
simulation

o Use multiple control channels to validate simulation with data

inclusive ta hadronic ta
n(BDT;) 9 9
0.92 0.94 0.96 0.98 1.0 125
, i i i Belle IT preliminary BT K v
3000 ] - 100 [ Ldt= 362" 1 BB
! Bellell prefnnzna.r} : — L ; r——
” 2 JLdt= dﬁ2+12)§b1 - "Bt Kb =
3 ' I-'—, Bl Continum "5
o : ] t Data -a
ra : =
= 1000 H =
S
0
i =
— F J L
= — -
A : : : = 0
-5 ! 1 i 1 1 i ! 1 i 1 ! oW r
-1 4 8 2501 4 B 251 4 8 2501 4 8 25 5t 1 I | 1 I
0.4 0.5 0.6 0.7 0.8 0.9 1.0
Q.rtx [{’EVQIIC‘;E

n(BDTh)

* 4
27.08. 56’55 4c4 + My~ VsEi/c 14



Evidence of B—>K vV

Max . likelihood fit to data using signal and

bkg templates  SM Average
B. . = (2.7 £ 0.5 (stat) + 0.5 (syst)) x 105 ——+—
Baq = (1.1303(stat)”  (syst)) x 1075

o For inclusive analysis, evidence for
B—Kvv branching fraction within 3.50 and
30 from SM

o For hadronic tag, the result is consistent
with null hypothesis at 1.10 and and 0.6c
from SM

= Combination of two analyses provides I S

first evidence of the decay at 2.70 from : 4 3 ‘1 8 10
SM 10°x Br(B™—K " vi)

Belle II (362 ib'!, combined)

23 +0.7 This analysis, prelirainary

Belle II (362 fb'!, hadronic)

L1411 _.'m; analysis, preliminary

Belle IT {362 bl inclusive)

37 +0.7 This analysis, preliminary

Belle I (63 fb!, inclusive)
1+ 1.5 PRLLET, 181&02

Belle (711 fb!, semileptonic)

10406 PRDSE E1101

Belle (711 fb!, hadronic)

29+ 16 PRDSET, 111103

BaBar (418 fb!, semileptonic)

02408 PRDE:, 11002

BaBar (429 fb!, hadronic)

L5415 PRDET, 112005
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Search for B—X_ v v decays
Flavour-Changing Neutral Currents (FCNC)

SM calculation: BSM =(2.9 = 0.3)x 107> [JHEP02 (2015) 184]
o B< 6.4 % 104 at 90% C.L. [ALEPH, EPJC 19 (2001) 213]

o using Belle II sample of 362 fb!
o Hadronic B- tagging
o Sum-of - exclusive from 30 decay modes (~90% of inclusive )

BB B
iy K*
Krn |K*n¥ Kgﬂro K*7r0 Kg’zri
Kon|KtnFr0 KgWiW:F Kg’irowo KtpFpt Kg’ﬂ’iﬂ'o K*7070
K3rn|K*anFatnT Kgﬂ‘iﬂ':Fﬂ'O K*nF 7070 |K*aFqatg0 ngﬂ'iﬂ‘:'zﬁi Kg'rrifrowo
Ki4rw K:I:W?ﬂ'i7T¥7T0Kgﬂi7TZF7Ti7T:FKg7Ti7T:F7TO7TO Kiﬁxwiwﬂriffgwiwﬂriﬂo K*EnFptn0570
3K |[K*KTK) K+*KTK*
3Kn|K*KTK*nT KEKTKr" K*KTK*r0 KQK*K¥r*

27.08.2025
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* Background suppression with a BDT

( include sum of remaining energy in ECL)
* Signal extraction: template fit to the
BDT output x M(Xs) plane

* Validation:

- off-resonance sample for qq background
- Sideband in for BB background

- B — XsJ/y control sample

® Results: no significant signal observed

Upper Limit (90% CL): =

(2.5% 1075 (0.0 < My_ < 0.6GeV/c?)
UL(B -» X,vv) ={ 1.0x 107* (0.6 < My < 1.0 GeV/c?)
| 3.5 X 10~% (1.0 GeV/c? < My )

all mass region: B(B —-X,w) < 3.6 x 1074

Events

data/MC

0.0 <M <0.6GeVic * 0.6 <M < 1.0 GeVic * 1.0 < MY < 2.0 GeV/c ?

800 : : B'B
E_Belle I = S °§D

4
~ | Ldt=365.41b : : P
700 - - pr—

_+_ = dd

—s§
600 —cc

== SIGNAL
-+ data

500

T

400

300

IIIII llllllllll.lllllllll

200

100

2 4 6 8 10 12 14
bin index

Omm-\lbnco_.'_.h:bhbt o

The most stringent upper limit on B—Xs v v decay

27.08.2025
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Precise hadronic cross sections - Muon anomaly, a =(g-2) /2

Two approaches for estimating the HVP contribution:

d theory(SM)= d QED'l' d weak_l_ =] had Dispersion relations (w/ inputs from ee — hadrons data)
K L L L Latti
attice QCD
2 K(s)
04 K(s
had
a = — ds R(s
a 3772 f S (s)
4m2
R(s) = og(ete™ = y — hadrons)
QED 116 584 718.931(104) T T Gletem - ptpd)
Electroweak 153.6(1.0) o
FNAL 2023 —A—
HVP (e*e_, LO +NLO + NNLO) 6845(40) T~ 73 %, Experimental av
HLbL (pheno + lattice + NLO) ~ 92(18) T ~7% — .
Total SM Value Section 116 591 810(43) B —— >
Exp. (E821) - SM 279(76) % = S
BaBar H o H

The table is from: FNAL 0.001 165 920 71.5 (14.5) (2025) H———o———H e
“The anomalous magnetic moment of the muon in the Standard Model”, s 1% 190 . f’fmgnogéo w5 20 o1

L. AOY&EI}%QB?;, PhYSiCS RGpOI’tS 8877 (zozq}nlj_l_lrggosov ConferengfrenElsgrdgtar/PRII1F091312002 (2024)



HVP measurements at Belle 11

In comparison to Belle:

= New low-multiplicity trigger effectively distinguish
ISR events from e*e™ and yy subjected to prescaling.

= Two independent triggers based on the Tracker and
Calorimeter which provide efficiency estimation from
the data

= Almost 100% efficiency for energetic ISR

Two channels are under study now.

ete” >

Target 0.5% precision using 363 fb-!data

Try to following BaBar methods as a base line

ete” >’

Mass range : 0.6-3.5 GeV,

Target precision : oa,,(3m) ~ 2%

At present the results is published 1n arXiv:2404.04915
and by PRD and accepted by PRD.

27.08.2025

Cross section (nb)

10°

—
o
[

—
o

=

. Energy Scan

w,iw ny m "

P* 'I .+ '."'.'.,

'II

2 | f |“"”'| I”‘” i

{ BABAR
BESIII

| SND (15)

| SND (03)

{ SND (02)

| CMD-2 (06)

| CMD-2 (04)

| CMD-2(98)

{ CMD-2(95)

{ DM2

{ ND

1.4

22nd Lomonosov Conference on Elementary Particle Physics

1.6

1.8

S22 24
Vs (GeV)

19



e+e_ —> TC+TC_TCO analySiS Event selection

Two tracks + > three photons : e"e— T Y5 — T VYY1

: ) 1
Data.set :2019 %021 1911b Tracks : dr < 0.5 cm and |dz| <2 cm and p; > 0.2 GeV/c
* Blind analysis . . Photons : E > 100 MeV + at least one photon
* Study of analysis methods using MC and must be energetic ISR (ECMS>2 GeV in barrel ECL)

validation using 10% data.

. Fi?al confirmation under way using full data
set.

* Key items

* Trigger

* Background reduction and estimation

* Efficiency corrections

* Unfolding

n” reconstruction
Invariant mass of two photons within 0.123-0.147 GeV/c?
Y*4c(3my) < 50 is used for the cross section measurement

Belle Il Simulation
1.05 <M, < 2.0 GeV/c®

— n*nnly
— Y

2 L
10 — n*nnn0y

-

o
w
|

» Four-vector kinematic fit (4C-KFit)

» Fit to positions and momenta

» Constrain to initial e*e” four-momentum
» Select small ¥2 to extract signal-like event

Entries per 1 unit of x2

E L. NI N I AN SN ERFAVN AP SR W
0 20 40 ©60 80 100 120 140 160 180 200

25 (2m3Y)
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Result: cross section below 1.05 GeV
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Results: 3wt contribution to auHVP

a,(LO,HVP, 3m [0.62- 1.8 GeV]) = (48.91 + 0.25stat

+ 1.07syst) x10710

BABAR alone [PRD104 11 (2021)] 45.86+0.14+0.58 -3.2+1.3 (6.9%)

Global fit [JHEPOS 208 (2023)]  45.91+0.37+0.38

23.0+1.2 (6.5%)

Source Systematic uncertainty (%)
Efficiency corrections 1.63
Monte Carlo generator 1.20
Integrated luminosity 0.64
Simulated sample size 0.15
Background subtraction 0.02
Unfolding 0.12
Radiative corrections 0.50
Vacuum polarization corrections 0.04
Total 2.19

6.5% higher than the global fit result with 2.56 significance

This difference 3x10°'% corresponds 10% of Aa,=a (Exp)- a (SM)=25x10-1

27.08.2025
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Specific luminosity x103! (cm~2s~1/mA?)

Belle 11 near-term and and longer-term upgrades

The next run - Resume data taking in
November 2025 for a long run of 7 months During Long Term shutdown 2 (LS2)

(~2030)
12+ JA/2A
: 2x10% L=2.4x10% New final focus
10} " S P Upgrade or new subdetectors
A Belle II near-term and and longer-term

upgrades are reported 1n the
Conceptual Design

Report (CDR) published 1n June 2024:
arX1v:2406.19421v2

% 500 1000 1500 2000 2500 Possible after LS2 upgrades:
— Higher energies— Y 55, Y 6S physics
10%cm™s™! corresponds to ~1ab™"/ — Beam polarization— electroweak physics:
year (for 8 months data taking period) sin2 OW, left-right asymmetries
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Conclusion

The Belle II experiment provides very wide field of researches including:

¢ precise measurements of CKM elements, phases and CP violation

¢ B mesons decays with missing energy B—K(*)vv,K(*)tt,K(*)tl,t1,11,

D(*)tv,tv,uv..

¢ Sudy of 1 lepton decays and characteristics

¢ Search for dark particles, ALP ets.

¢ Precise measurement of the hadronic cross sections

¢ Study of the exotic hadrons and many other opportunities
By now Belle II collected 575 fb~! and demonstrated high performance
SuperKEKB reached the world highest luminosity 5x103*cm=s-! and on the way to
103cm2s°!
Many analyses of the Belle II data are ongoing
Goal of Run 2: by LS2 (2032), accumulate > 5 ab™!

27.08.2025 2



Back up

27.08.2025
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Belle IT physics program

Collected data:

~375 fb! at Y(4S)
42 tb-1 off-resonance, 60 MeV below Y (4S).

19 fb-1 energy scan between 10.6 to 10.8 GeV
for exotic hadron studies.

Non-SM probes from
semileptonic, radiative, and
leptonic B decays

Direct searches for light non-SM
physics and Dark Sector studies

Snowmass White Paper arXiv:2207.06307v2 [hep-ex]

Precision CKM tests and

searches for non-SM CP
violation in B decays

Precise particle metrology:
Masses and lifetimes
measurements

Charm physics

Tau lepton physics

Quarkonium, exotics, and hadron spectroscopy
High precision measurements of the hadronic

cross section demanded by HVP in muon (g-2)
and other precise QCD tests

27.08.2025 22nd Lomonosov Conference on Elementary Particle Physics 26



Demands on the detector

The requirements for the trigger system are:

Total cross section and trigger rates with L = 8x103° 1. high efficiency for hadronic events;
cm 2 s from various physics processes at Y(4S). 2. maximum average trigger rate of 30 kHz;
Phvsi " b Rate (H 3. fixed latency of about 5 ps;
YSIES process (Cross section (nb) Rate (Hz) 4. timing precision of less than 10 ns;
Y (4S) BB 1.2 060 5. minimum two-event separation of 200 ns;
- 6. trigger configuration that is flexible and
Eladron production [2.8 2200 robust.
rom continuum
(Th 0.8 640
Tt 0.8 640
[Bhabha (Blab>17°) @4 350@)
vy (Blab> 17°) 2.4 19 @
2y processes (Olab>  (~80 ~ 15000
17°, pt > 0.1GeV/c)
Total ~130 ~20000
(a) rate is pre-scaled by a factor of 1/100 '_ J

Beam-related backgrounds are 10-20 x KEKB.
Radiative Bhabha, Touschek scattering, 2-photon

Fake hits, pile up, radiation damage'!
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Efficiency and Systematic uncertainty

o M. = Ni,unfolded
ee—>3m!"i —
EM;) * Lesr(M;) - (1 + 0rga)
Efficiency e=g,; I1(1 +§;,) Data- Source Systematic uncertainty (%)

MC correction §; ~ O(1)%

<1.05 GeV >1.05GeV
Trigger efficiency 0.1 0.2
ISR photon efficiency 0.7 0.7
Tracking efficiency 0.8 0.8

Source Efficiency correction (%)
1.05 GeV/c2 M >1.05 GeV/c2

Trigger -0.120.1 -0.1+0.1 T10 efficiency 1.0 1.0
ISR pl.10t011 detection +IO;‘2:I::I:00.87 +10.2:|::I:00.87 42 criteria efficiency 0.6 0.3
Tracking LAl -1.720. Background suppression 0.2 1.9
n® detection -1.4+1.0 -1.4+1.0 efficiency

Background suppression -1.9+(0.2 -1.8+1.9 MC generator 1.2 1.2
v2 distribution 0.0+0.6 0.3+0.3 Radiative correction 0.5 0.5
MC generator 0.0+1.2 0.0+1.2 Integrated luminosity 0.6 0.6
Total correction -4.6+2.0 -4.6+2.0 :l:“tal ste-l-l;atics 2.2 2.;
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