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SuperKEKB & Belle II Detector

nteraction
Region  Belle Il detector
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linear injector

positron damping ring
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Csl(Ti), waveform Sampling (barrel)

EM calorimeter

Pure Csl for end caps

; Vertex Detector
2 Layers PXD DEPFET and 4 Layers DSSD

Central Drift Chamber

Smaller cells, long lever arm, fast electronics

e'e”— 11 (0.92 nb)
e'e”—cc (1.3 nb)

KL and muon Detector}

! Resistive Plate Chamber
i Scintillator + WLSF + MPPC

i Particle Identification
i Time of Propagation in barrel region
i and ARICH in forward region

also a ¥ and charm factory !!
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Production and reconstruction of z leptons

Tag side f_ l/{’ 1x1
i 1 U: topology

e 1 pairs are produced back-to-back and boosted in the
CM frame
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® separation into two hemispheres via plane
perpendicular to the thrust axis

e (an reconstruct 1 either via one charged track

(1-prong) or via three charged tracks (3-prong) T_ max (ZZIITFM; SItl)
p¢
e Specific low-multiplicity triggers (not available at
BGHC) 3x1 Tag side ITh Al
topology ; fl/r
e Also exploit untagged analyses to boost the signal L
efficiency . e



7 physics program at Belle 11

®  Precision SM measurements: indirect hints of New ®  Direct search for rare or forbidden processes:
Physics (NP) in SM deviations measurements usually . .
dominated by systematic uncertainty. o charged LFV decays via neutrino

oscillation are highly suppressed and
immeasurably small (about 10°),
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e Enhancement possible in NP scenarios

e Most stringent upper limit set by Belle
(401 fb!) at 90% C.L.PLB 648 (2007) 341

e Ix1 (3x1) prong topology
e Secarch in the 2D plane : (M_, AE)

e Background suppression:
o  Cut based selection
o Residual bkg suppressed using BDT
o  Signal region size are optimized

e no statistically significant excess is observed.-06
e Current upper limits for (at 90% C.L.)

o B(t—en)<9.2x1038
o  B(t—un) <4.2 x10°® (world leading!!)
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https://www.sciencedirect.com/science/article/abs/pii/S0370269307003668?via=ihub
https://www.sciencedirect.com/science/article/abs/pii/S0370269307003668?via=ihub

T—la

Events /0.017

Light, invisible BSM bosons predicted in models (eg: axion like particles) are collectively called a .

Identical visible topology with T—I'vv_(irreducible bkg), search for 2-body bump on SM 3-body decay spectrum.

Belle II analysis (62.8fb™): PRL 130. 181803 (2023)

o look for an excess of events above T — 1_71\/T

spectrum of normalized lepton energy
o Form_ € (0, 1.6) GeV/c?, 95% CL:
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is in (1.1-9.7) x10° range

is in (0.7-12.2) x10™ range

_E,
e )2

El is energy of /in

T rest frame

X = —F<

first result since ARGUS in 1995 Z. Phys. C 68. 25 (1995)
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Belle analysis (800fb™): JHEP08(2025)155

e Selection on 0 0
e ook for excess in PEr
e Form_ €(0,1.6)GeV/c?

B(t —ea)<(0.4—6.4)x10"*
B(t — ua)<(0.2-3.5x10™*

world’s best upper limits
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.181803
https://link.springer.com/article/10.1007/JHEP08(2025)155
https://link.springer.com/article/10.1007/BF01579801
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e New, more sensitive method at Belle II (365 fb!)
o using 2D fit to kinematic constrained M2min and M2InaX in more abundant 1x1-prong events
[PRD 102 115001 (2020)]
o  Signal and background occupy different regions in (M* =, M?
o expected world-leading ULs for < 1.2 GeV!

max )

Upper Limits with Systematics — e-channel
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.115001

r—e2l

e Extending recent Belle Il t —3pu JHEP 09 (2024) 062
to 5 more modes with at least one electron in the final state

NU
e Several NP models could enhance rates up to 1071°— 1078 &
&)
. . (e
e Untagged analysis with 428 fb™! of Belle II data =
2
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¢ 5
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e’ € o  suppressed by data-driven BDT
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% World leading results at 90% CL
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https://link.springer.com/article/10.1007/JHEP12(2025)169
https://link.springer.com/article/10.1007/JHEP09(2024)062
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Charm production and reconstruction at Belle II

e c¢e —occ—D X D.
tag” “frag  sig

e Typically only reconstruct the signal channel

D" (cu)

X
4
o ‘\\\\; e
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D™ (cd)
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X/

e Flavour tagging using:
o D" — D"
o  Charm Flavour Tagger, PRD 107, 112010 (2023)

e Also provides access to charmed baryons
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Charm physics program at Belle 11

®  Precision measurements: ®  Mixing parameters:
Charm lifetimes: o InD’—K n'mw PRD 111, 112011

T T T T T T T T T

Belle Il

1 o (P Asymmetries:

. o D"—a'n’: PRD 112, L031101 (world’s best
Belle *'{ ( 4

o D°—n’1% PRD 712, 012006
\ o D"—K K PRD 111, 012015
BABAR o D° —K, K, (with novel flavour tagging technique): PRD 712, 012017
\1:; o D’ —n'nn’(Accepted in PRD)
N ipel e  Charmed Baryons:
. . o CPV:E "—»X'h'h, A "—ph'h" PRD 113, 032017
World’s highest precision: ¢ ¢
D" : PRL 127, 211801 o  First observations and branching fractions:
D" : PRL 127, 211801 s E°— 2% (h=n"mn,1n): JHEP 10 (2024) 045
D PRL 131, 171803 s =’ Ah(h®=n, n, ): PRD 113,032015
A.": PRL 130, 071802 m = — pK,, A, %" : JHEP 03 (2025) 061
m E'— XK, 2%, E°K" JHEP 08 (2025) 195

Qc”: PRD 107, L031103
e FExotic hadrons:

o D_"(2317)" (Submitted to PRL)
and many more...



Measurements of = °— Ah(h=17, ' z°)

Phys. Rev. D 113, 032015 (2026)

Probe of non -perturbative QCD

o  Both factorizable and non-factorizable contributions are

dominant
o  Important to understand decay dynamics

Singly Cabibbo-suppressed decays

Intermediate states :

o  A-prn, n'or'mm, nonmy, novy,
nor'wn’, n'oyy
Control sample:
o E'-E(-Am)n
BE? - Ap) = (5.95+1.30+£0.32+1.13) x 10~*
BE? - Ay') = (3.55+1.17+£0.17 £ 0.68) x 10~*
0

B(E? - An%) < 5.2 x 1074,

[1]

First observation of Z *—An
First evidence for Z "—An’

Consistent with theoretical predictions
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https://journals.aps.org/prd/abstract/10.1103/q4n8-fqj1

CP asymmetry in E "—X h'h", A "—ph'h” (h=K,n)

. . , 400 p
e Noclear expla'matlon of CPV in charm (BSM, T — .
non-perturbative QCD...??) il | dota ~e g | data | =
s — total fit :100 — total fit
. 0 . . 5 ol background i | == background
e  Separate measurements of ACP in D"—KK, nn indicate A T LA, )
large breaking of U spin symmetry Phys. Rev. Lett. 131, 8gp) T :
091802 (2023), JHEP03(2023)205. 5 5
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e Look for U spin symmetry in : A "—ph™h, 2 "—X*h*h Hef+ DR e We st sl
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. . GE) 0.0
e  First measurement of A, in SCS 3-body charm baryon %_05
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.091802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.091802
https://link.springer.com/article/10.1007/JHEP03(2023)205
https://journals.aps.org/prd/abstract/10.1103/s2gy-c3vh

CP Asymmetry in D° —»a'n"n®

[paper in preparation]

x10°
e SCS three-body decay, interference of several amplitudes < 3 ‘ e Bty JLat= 20
> 25F ot
) . g K:::b natorial
e Signal: D™ tagged sample for D’ »n'nn’. ©  Bf R
S %f
0 0 =
A;r;;;r = ACP ;i Aprod T AZ;””r Sl Agtag 3
3
2
e Control mode: tagged and untagged D —Kn" S
e Simultaneous fit to (Am, m(z'w'n")) in 8 bins of cosf,,,  _
averaged symmetrically around O to remove the &
production asymmetry
S
o A, (D'—n'rnn®): (0.29 £0.27 £ 0.13) % g
o  Most precise measurement till date E
o 34% more precise than BABAR with just 10% < s

140 142 144 146 148 150

more statistics AM [MeV/c?]

Accepted in PRD_arXiv:2510.21224 [hep-ex]



https://arxiv.org/abs/2510.21224

Observation of the radiative decay D_,"(2317)*—D "y

e  Exotic hadrons offer insight into nonperturbative QCD.
o  Mass of Dso* (2317)" is much lower than prediction
o Nature of D_"(2317)" 22

e Determination of R can constrain theoretical models
_ B(D5(2317)" — Dy ")
~ B(D*,(2317)* — DFn0)

e Belle (980 fb!) + Belle II (428 fb™!) analysis:
o  First observation

o  R=[7.14 £0.70(stat.) = 0.23(syst.)]
m larger than theoretical predictions suggesting a molecular state
m  Smaller than the ¢s state assumption under the quark model

m predictions based on the light front quark model and chiral
quark model are in agreement (pure cs)

m  could be an admixture of pure cs and molecular state

arXiv:2510.27174 (Submitted to PRL)
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https://arxiv.org/abs/2510.27174

Summary

e SuperKEKB achieved world record peak luminosity: 5.1 x 10** cm™s!
e Belle II collected over 600 fb! of data

e  World's best sensitivities in LFV searches with taus

e First observations of several charmed baryon decays

e First measurement of A, in SCS three-body charm baryon decays

Stay tuned for more results!!
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