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Recent results from Belle |l

Dark sector and rare decays searches at Belle |l

XIX International Conference on Interconnections
between Particle Physics and Cosmology

Robin Leboucher beyond Belle Il collaboration




SuperKEKB and Belle li
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Belle (1999-2010):

. Integrated luminosity =~ 1 ab!

Belle |l (2018-present):

=5.3x10°* em™2%s~!

.Integrated luminosity = 914 fb~!

‘Run 1 (2019-2022)

‘Run 2 (2024...):

.Stable data-taking at 5 X 10°* em =251
*Focused on physics data-taking

*Since 2024 sudden beam loss the PXD has remained OFF

4.0 -

w w
o wn

N
u
!

Total integrated Daily luminosity [fb~1]
= = N
(@] U (@]

©
wn

©
o
L
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https://en.wikipedia.org/wiki/KEKB_(accelerator)
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Why dark matter searches at Belle |l ?

'“_."Q-
N N

A B factory, but not only:

Nypz ~ 380 x 10°
N._. ~ 390 x 10°

A unique place for dark sector searches:

- Excellent vertexing and track reconstruction

. Good particle identification (lepton ID, /K separation)

- Special triggers for low-multiplicity

- Single photon, single track...

» Good missing energy reconstruction:
» Clean collision environment
*Hermetic detector (90% solid angle coverage)

w EXxcellent for decays with neutrals and/or missing energy

Central Drift Chamber (CDC)
He(50%)C2H6(50%), small cells, fast electronics

Robin Leboucher - Recent results from Belle Il - PPC 2026


https://en.wikipedia.org/wiki/KEKB_(accelerator)

Which dark matter searches at Belle Il ?

Dark matter is the most compelling question in
particle physics- What is the particle nature of

dark matter?
[arXiv:2209.04671]

dark quarks?

dark forces?

dark
higgs?

dark leptons?

Belle Il has access to many portal candidates to
the hidden-sector dark matter:

» Vector (dark photon, dark boson...)

- Pseudo-scalar (axion-like particles)

»Scalar (dark Higgs)

*Neutrino (sterile neutrinos)

Low-mass and feebly coupled portals to the SM
= |ntensity frontier (e.g. Belle 1) well-suited

Robin Leboucher - Recent results from Belle Il - PPC 2026 - 31/08/2026

Dark Sector Candidates, Anomalies, and Search Techniques

zeV aeV feV peV neV ueV meV eV keV MeV GeV TeV PeV 30Mg
| | | | | | | | 1 1 I 1 1 I 1 1 I 1 1 l 1 1 | )) |
< I I I I I I I 1 1 1 1 1 1 1 1 1 1 I ‘( I >
<€ - > >
QCD Axion WIMPs
: ﬁ, <
Ultralight Dark Matter Hidden Sector Dark Matter Black Holes
<€ > <—
Pre-Inflationary Axion Hidden Thermal Relics / WIMPless DM
<> <€ >
Post-Inflationary Axion Asymmetric DM
<— >
Freeze-In DM
«—>
SIMPs / ELDERS
@
Beryllium-8
€
Muon g-2
€<
Small-Scale Structure

<€ > <>
Small Experiments: Coherent Field Searches, Direct Detection, Nuclear and Atomic Physics, Accelerators Microlensing

I I I I I I I 1 1 1 1 1 1 1 1 1 1 I )) |
“TT T T 1T 1T | — | — | — | — | T
zeV aeV feV peV neV ueV meV eV keV MeV GeV TeV PeV 30Mg

[arXiv:1707.04591]



https://arxiv.org/abs/1707.04591
https://arxiv.org/abs/2209.04671

Which type of signatures ?

At Belle Il we can look for different decay signatures:

Visible decays Missing energy Displaced decays
Rare resonances Invisible final states Long-lived particles
ete™ = yA' (= utu) B = hX. (not talked today)

eTe” = ya( = yy)

Wy,
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Search for ALPs in ete™ — ya( — yy) at Belle Il

Submitted to PRL (arXiv:2607.07800)
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https://arxiv.org/abs/2607.07800

Belle 1T

Search for ALPs in ¢ e —> }/a ( — }/]/ ) Submitted to PRL (arXiv:2607.07800) (@A

Search for an axion-like partlcle inete™ — ya( — yy) e 7
for 0.17 < m, < 9.8 GeV/c”

Motivations: J
. The ALP couples to the SM y with strength 8ayy

* ALP can also couple to dark matter
» Can explain the relic density

Dataset: et Y

2 408]%_1 at 10.58 GeV and below at Belle |l BESIIL Phys. Rev. D 110 L031101 (2024)

Focus on the mass region where ALP decay is prompt,
and the two photons are resolved.

Resolved: angle between the two photons larger than
calorimeter resolution

invisible

Merged: angle between the two photons smaller than
calorimeter resolution = only one merged photon seen
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.110.L031101
http://www.apple.com
https://arxiv.org/abs/2607.07800

Search for ALPs in ete™ — ya( = yy)

Selection:
* 3 high-energy photons and nothing else

.M, close to 1/ s + kinematic fit

* Neural network on kinematic properties to discard SM

e"e” — yy(y)

Signature:
. Peak in the diphoton invariant mass M},},

- Good data-MC agreement (4%, treated as systematics)

Signal extraction:

* Independent likelihood fit scan every 5 MeV

-1, and w resonances are vetoed

Systematics:

* Initial state radiation mismodelling at low masses (8%)

» Selection efficiency at high masses (4%)
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Submitted to PRL (arXiv:2607.07800) [ <Al
Belle IT

F I ; - - I . : . ,
-.— Belle Il (Preliminary) HEll e*e™ - yy(y)

- [Ldt = 408fb~! mm ete —sete (y)
3 m ete” - hO%(y)

]
] Other;
{ Data :

2 4 6
M., (GeV/c?)



https://arxiv.org/abs/2607.07800

Search for ALPs in e"e¢™ — ya( =

, @ —yy) (fb)

e~ - vya

ole™

No excess signal observed:
- Highest local significance: 3.30 for m, = 0.22 GeV/c"2

N N W
o ) o

-
Ul

0.16 <m, < 1.0 GeV/c?

Belle 11
[ Ldt = 408 fb?

(Preliminary)

Expected
Observed |
+20 ]
+1o

2 4
m, (GeV/c?)

- Global significance: 1.40

6

. Set upper limit at 95% CL on o(ee™ — ya( — yy))
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between 0.17 < m, < 5 GeV/c”

D
Submitted to PRL (arXiv:2607.07800) [ <l Al

Belle II
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10-3 —NAG4 \ :
BESIII~ | r :
(w(25)) '
‘« BESIII |[° -
X U/w)
_ N CM 1
1074 \\\\\ Belle Il Al Y
i \\‘\ FASER (this work) ]
N N N
' \\‘\\/NuCaI Belle II (Preliminary):
TSl \\_E137 | Ldt = 408 fb~1
1(y_5 \\ o \ . \ \ T | , \ ! L1
102 101 100 101!



https://arxiv.org/abs/2607.07800

Search for dark photon in e7e™ = yA'( = u—u™) at Belle Il

Preliminary (to be submitted to PRL)

Robin Leboucher - Recent results from Belle Il - PPC 2026 - 31/08/2026
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o - sl
Search foreT e — yA'( - ) Preimnary - (SR

Search for a dark photon particle in ete™ — vA'( — ,u_,u+) B
for 0.2 < my < 10.3 GeV/cr2 \\ ~ISR

Motivations:

- Straightforward model v
- The dark photon couples to the SM photon with the strength ¢ Y

- Dark photon can also couple to dark matter and explain the relic / .

density

Dataset:
552 b1 at 10.58 GeV and below at Belle I

w Run 1 + Run 2 (2024) =

Robin Leboucher - Recent results from Belle Il - PPC 2026 - 31/08/2026



SearCh fOr €+€_ —> A,( —> - +) Preliminary

Belle II

Method (BESIII): Phys. Lett. B 774 252-257 (2017)
- No direct reconstruction of the initial-state radiation y,¢p

* Instead 4C kinematic fit to the dimuon system + unmeasured
photon + beam constraint

= Allows

(Iarge StatiStiCS) X103| | L I | L] I LI I LI I | I LI I I i | I | L
- Worsening the purity of the sample: e"e™ — eTe u"u~, and '
ete”™ — 7777 backgrounds

illl

0 GeV/c2 < M- < 10 GeV/c2

26% of events

==
=
—
-
lll i i Ad il Adod i heddd Adod ol Adod i Al 4
1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 | N . 2 1 1 1 1 1 1 1

—t-

=N

—t

—t

-

J[L\{

4 ' 4 A 4 I

e T T T T T e e 1
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https://www.sciencedirect.com/science/article/pii/S0370269317307797?via%3Dihub

SearCh fOr €+€_ —> A,( —> - +) Preliminary

Selection: Belle II preliminary /Ldt:552 Fb1
. Strict kinematic fit )(2 selection suppresses SM background 1¢s |

JIy

[ 1]
_ Ll eTe upu
Signature: 10°F : =
. Peak in the dimuon invariant mass M S L‘ 3 hhyisk
HH E 104? /HJJI N
_ _ 8 ] UXX
Signal extraction: 102 b ]]1 e
- Independent likelihood fit scanned every 0.56,,, step - eter
0L 7Y
o, ¢, Jy, w(2S), and Y(1(23)S) resonances vetoed 0 | 1, H . HH n . i — 5D
0 2 4 0 8 10 77777 Stat. unc.
M,, (GeV/c?) t Data
dG <€+€_ —> A/}/ISR —> Il/t+ll/t _]/ISR> <104 Belle II preliminary /cdt:552fbl
2 x Phys. Rev. D 80 075018 (2009) RO S
do (e+e— — y*viep = Uty ) = [ s 000m < 10
ISR ISR @) 0.75 E -——- Background AZ;0.600211£0.000014
— ) i + Data Ao =0.000126 4+ 0.000016
S :
S 0.50 F
- i
» Trigger efficiency £ o}
» Particle identification - e o ST
m OOO o | - rag—— | | = =
8 e
2 0 P A A A
T 306 3.08 3.10 3.12

R 2
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.80.075018

Search foree™ = yA(=» u u™)

Remaining systematics:
* Purity (3%)
» Branching fraction (<10%)

No signal excess observed:
. Highest local significance: 3.4¢ at 3.141 GeV/c?
- Global significance: < 30

Set upper limit at 90% CL on mixing strength &:
between 3.0 < m,, < 10.3 GeV/c?*:

Belle II preliminary /E dt =552 fb~!

10~

1072 F

1070 ¢

107§

108 F

Upper-limit on €2 (90% CL)

Expected UL +20
1079 3 Expected UL £1o
- —— Expected UL median
- —— Observed UL
1010 ' ' — | | —
101 100 101
my (GeV/c?)
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Mixing parameter €

102 ¢

—_
Cﬁ
w

10—

Preliminary

D

<[O

Belle II

Belle II preliminary / Ldt =552 b1

BaBar

Belle II
(This work)

iDM Relic target (ap =0.1, m, =0.6m 4/, and A=0.05m,)

6
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Search for lepton flavour violation 7 — £« decay at Belle Il

Preliminary (to be submitted to PRL)
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Search for LFV 7~ — 7 o decay

e In SM, the Charged Lepton Flavour Violation is allowed through weak
charged current and neutrino oscillation

o Order O(107>°) = no Flavour Violation in current experiments

¢ \/arious New Physics predict Lepton Flavour Violation at observable
rates O(107% — 10719

_ _ . s
e c.g leptoquarks forz= — ¢ VO related b — ctr anomalies 1g
N
By
%) — - D
5 ch IP XA Il Ihh BNV - S
%10_55' o* . eeeo ® . o ’ o = :]I
= B °® ¢ . o ’ P, o. E ..
S 10 * o =
P , . .+ ¢ CLEO lg
£ L v . Ty Ty 1+ ATLAS =
S 107 ¢ :'Ax Yy ’ R v Y T —| » CMS .
U i T S L AU B« LHeb Among the 50 modes probed in the past, Belle Il has
J e R ST S C LT “s+uu” v BaBar already set limits on the following ones:
10° — — i
2 F = T~ — £~ a new boson candidate for dark matter
) ool Nt &Y .77 — u~p pu~ most accessible
E rojections — — . .
: : -7~ — £ @ linked to b — ctv within the Leptoquarks
- models

10710

'''''

PToNe TIPS E RIS LY Y60 L N Rl bk CLLLTR N bk KL KB DLt -7~ = A(A)r~ violated the Baryon number

arXiv.2203.14919] = condition for matter/antimatter asymmetry
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https://doi.org/10.48550/arXiv.2203.14919
https://doi.org/10.1103/PhysRevD.77.073010

D

Search for Lepton flavour violating 7= — £~ « decay S— S|

Belle II

Search for a beyond SM invisible particle o JU

Assumed to be light (m, < 1.6 GeV/cz) and spin-0, e.g. an axion-like Tag
particle (ALP)

> A
V 4

4
The signature is similar to the SM decay t~ — ¢ vi, but . f ,tthmst
............... T
Dataset: 1+ —f —
€

b,y
I
b,y
b,y
b,y
I
I
....
I
b,y
b,y
b,y
I
I
b,y

.365 fb~! at 10.58 GeV at Belle I

Event signature:
* 1 electron or muon + ALPs assumed to be invisible on the signal side

1 charged particle on the tag side
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Search for Lepton flavour violating 7= — £ a decay  reiminay Q(B

Belle II

Signature:

: 9) 9) L — AR _ I ,
- Peak in the plane M> . , M [Phys. Rev. D 102 115001 Bellell zzggiﬁa{; e = B
< | e e ] £t e e aape
(2020)] . 2 2 2 g 6-— + E—>ea: mZzLGgeV;CQ; §2~5;— + :_:Z_Z: 22;1:682\/;22_;
. Event-based variable such M. < m;, < M, . s | Sal
» Expressed in terms of the event kinematic variables S =
M2. — g _
min , max
2AO S 1.8; ............................................................................................................................................................................................................................
1.0 j};;f;f%}ﬁ*&;&;ﬁ&?ﬁ‘;;*;;Q;;;;;;;;;;;;:é;;:}f.em """""""" ————y
g 08 .......|

 Built from event kinematics alone: the minimum and % % % - -5 -0 -5
maximum values of m, kinematically allowed (a) e channel: M2, (b) e channel: M2

max

Background rejection: 2 0 -t B o w4 RS eyt 8 o st
- Optimised selections on ten variables to achieve 7-pair ; ks loGye ) T e LGV

purity of 98.8% (99.6%) S 05| P 1S Lo
Signal extraction: ; :
2D binned maximume-likelihood fit

5 L N A Rt o 50 i rmsereect
B OB
—35 —30 —25 —20 —15 —10 —5 0
M2, [GeV/c*?
(c) p channel: M2, (d) p channel: M2
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.115001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.115001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.115001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.115001

Search for Lepton flavour violating 7~ — £~ a decay  reimmy [

Belle II

No signal excess observed

Set upper limit at 95% CL on B (T_ — f‘a) | SB (T_ — f‘DLﬂI/T)
between m, < 1.2(1.4) GeV/c”2 in both electron and muon channels

Despite:
» using ~50% less data than Belle [JHEP 08 155 (2025)]
» using the 1x1 topology alone instead of 1x3

X 10_3 < 10—3
5 I I I I | I I I I | I | 1 5 I I I I | I I I I | I | I
I Belle 11 (Preliminary) Expected UL +20 Belle 11 (Preliminary) Expected UL 420
i 1 Expected UL 1o | I . Expected UL +10 |
I fﬁ dt = 365 tb -==+ Expected UL i - fﬁ dt = 365 tb ——— Expected UL
4 B B(T_ — 6_()4) /B(T_ — G_EGVT) ==@==()bserved UL B 4 B B(T_ — Iu_a) /B(T_ — M_DLLVT) ==@== (Jbserved UL 1
| o Belle (800 1) | | @ Belle (800 fb') |
— | et | — |
o | 3 O |
> 3 - > 3 .
(@) = (@) |
- TJanuns F--""" O., +
< i o... O 0 <
+ = =% y o
R o E
=2 o - =
@R L1, A @F
— - —
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https://link.springer.com/article/10.1007/JHEP08(2025)155

Search for B — hX, at Belle

Phys. Rev. Lett. 136, 231802 (2026)

Robin Leboucher - Recent results from Belle Il - PPC 2026 - 31/08/2026
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https://journals.aps.org/prl/abstract/10.1103/1rl4-j3np#supplemental

Search for B — hX.

Search for feeble interacting particle in B* — h™X( — inv), with
h* = n*,K*, D, p and BY - DOX( — 1ny)

\)

Dataset:

B
.711 fb~! at 10.58 GeV at Belle

Signature:

. Peak in the momentum of the recoiling hadron £ system B

Selection Strategy:
. Reconstruct the B8 into hadronic decay channels
* using the
- method only possible in B-factories, allowing to exploit the tag side B,

» Used boosted decision trees to remove backgrounds
» Analysis is optimised for the two-body decay
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https://journals.aps.org/prl/abstract/10.1103/1rl4-j3np#supplemental

Search fOr B —> hX Phys. Rev. Lett. 136, 231802 (2026)

No significant excess in any channel

_3 Belle [ Ldt 711 fb™!
World leading 90% CL upper-limits to Br(B — hX) X Br(X — inv) ° Ny e
10744 erx = 2500 mm
And on Br(B — hX) X Br(X — yy) to quantify at what lifetimes such | /. T .
decays would mimic the invisible scenario 10 ] v s = 250 mm
107°

Limits interpreted in several models: ALP-W, ALP-quark couplings and

dark scalar-Higgs mixing parameters
=

Bt — pX

103.

102.

9d

101.

100.

4

2

mg [GeV/c?]

Belle [ Ldt 711 fb!
] BABAR B" - K vi
Bl Belle BY - ntww
B B* — 7*a (This Letter)
B B* — K*a (This Letter)
Bl B* — D7a (This Letter)
[ B’ — D% (This Letter)

104.

é%lcp.

102.

0 2 4 0 2 4
mg [GeV/c?] mg [GeV/c?]
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https://journals.aps.org/prl/abstract/10.1103/1rl4-j3np#supplemental

Search fOr B —> hX Phys. Rev. Lett. 136, 231802 (2026)
*

Belle [ Ldt711fb!

B* - K*X (This Letter)
B* — n*X (This Letter)
mono-y (BABAR)

B — K*vi (BABAR)

K* = mX (NA62)

K+ — nr v (E7T87+E9%49)
h — invisible (CMS)

70 — invisible (NA62)

-1
B+ - K+X Belle fﬁdt 711 fb
- X — invisible
X— yy:
— ec7x = 2500 mm

— ¢17x = 1000 mm
T CTX=500ml‘n
—— ¢1x = 250 mm

JUNnane

ctx = 50 mm

107° : : . , ,
0 1 2 3 4 5

m, [GeV/c?]
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https://journals.aps.org/prl/abstract/10.1103/1rl4-j3np#supplemental
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.112006

Summary

The Belle Il collaboration is competitive in many dark portal searches and signatures.

Thanks to a combination of:
Clean initial states, low pile-up, high precision and high luminosity

Gather multiple up-to-date world-best upper limits on:

. Axion-like particle eTe™ — ya( — yy)

. Visible dark photon eTe™ — yA'( = uu™)

. Lepton flavour-violating 7 — £« decay

- Feeble interacting particle in rare decay B — hX,, (scalar, pseudoscalar, and B-mesogenesis assumptions)

Optimistic future:
» Today's results are only using a partial dataset of Belle Il
. 2025-2026 data-taking period was fruitful, from ~500 f6~1 to 1lab™!
* Plenty of different candidates and signatures to look at:
- Single photon
 Dark Higgs
* Long-lived particles

. Displaced 7 LFV decays W /
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