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• Towards Measurements of |Vub| and |Vcb|

• b → s ll tra ns itions  

• Dark matter searches

• τ phys ics and prospects

• Matter ant imatter asymmetr ies
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➢ Exper imental conditions

➢ Recent results

➢ Outlook and conclusions



Direct production of new particles

Energy frontier Intensity frontier

Complementary Pathways to New Physics
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Presently no unambiguous evidence for Beyond Standard Model (BSM) physics at the high energy frontier 
Intensity frontier offers indirect sensitivity to very high scales: recent observation of “Flavour Anomalies’’

Indirect sensitivity through loops



Ambitious Next Step at Luminosity Frontier: SuperKEKB
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Damping ring (e+)



SuperKEKB and Nano-Beam Scheme
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beam-beam param. x1

vertical beta function x 1/20

beam current x1.5

Nano-Beam scheme (P. Raimondi):
Squeeze beta function at the IP (βx*,βy*) and minimize longitudinal 
size of overlap region to avoid hourglass effect

Strong focusing of beams down to vertical size of ~ 50 nm requires 
very low emittance beams and large crossing angle (83 mrad) 
we Need powerful and sophisticated final focus system (QCS)
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LER / HER KEKB SuperKEKB Effect

Energy [GeV] 3.5 / 8 4.0 / 7.0 boost x 2/3

Crossing angle 2fx [mrad] 22 83

βy* [mm] 5.9 / 5.9 0.27 / 0.30 L x 20

I± [A] 1.64 / 1.19 2.8 / 2.0 L x ~1.5

εy = σy x σy’ [pm] 140 / 140 13 / 16

ξy ~ (βy*/εy)1/2 /σ*x 0.129 / 0.09 0.09 / 0.09 L x 1

Luminosity [1034 cm-2 s-1] 2.1 60 L x 30

)



SuperKEKB Achievements
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Now we are here
(End of Phase-3 2019b)

DAFNE

CESR-C BEPC-II

SPEAR

CESR

TRISTAN

PEP-II

LEP,BEPC
PETRA

KEKB
mm-world

µm-world

SuperKEKB

FCC-ee

CEPC

Design value

Year

Ramping up machine performance proves more challenging than initially hoped for

-short beam lifetime, injector power limit, low bunch-current limit, vertical beam size blow-up (crab-waist scheme)
Despite these difficulties: world record reached in instantaneous luminosity of 3.12 x 1034cm-2s-1 on June 22nd
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Plot adapted from Y.Suetsugu

Phase 2

Phase 3

β*y

VEPP-2000

Integrated luminosity: 213.49 fb-1



electrons  
(7GeV)

positrons  
(4GeV)

KL and muon detector:
Resistive Plate Counter (barrel) 
Scintillator + WLSF + MPPC (end-caps)

Particle Identification
Time-of-Propagation counter (barrel) 
Prox. focusing Aerogel RICH (fwd)

Central Drift Chamber 
He(50%):C2H6(50%), small cells, long 
lever arm, fast electronics

EM Calorimeter:
CsI(Tl), waveform sampling

Vertex Detector
2 layers DEPFET + 4 
layers DSSD

TDR: arXiv :1011 .0352

Trigger a n d DAQ

Belle II Detector
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Event types
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Reconstruction of Undetected Partic les
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Comput. Softw. B i g Sc i . 3 (2019) 1 , 6

Ful l reconstruction of Bt a g d e c ay in O(10.000) di f ferent de c ay cha i n s  
with a sequence of BDTs → Ful l Even t Interpretation (FEI)

 All rema in ing part ic les in the even t be long to Bs i g (→ hermetic i ty)

 4 -m om en tum of B s ig → 4 -m om en tum of undete cted p a rtic le s



D0, D+ lifetime
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D0 and D+ Lifetime Measurement

-
-

Preliminary results consistent with, and more precise than, respective world averages 
Demonstration of excellent vertexing capabilities of Belle II

Select high-purity samples of D -tagged D0 → K−π+ and D+ → K−π+π+ decays 
Fit the distribution of the decay time with accurate modelling of the resolution

dominant systematic uncertainties come from residual mis-alignment (D0) and 
from background modelling (D+)
results not yet limited by systematics Year
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Source Uncertainty (fs)

D0 K -π + D + K -π +π +

Statistical 1.1 4.7

Resolution model 0.16 0.39
Backgrounds 0.24 2.52
Detector alignment 0.72 1.70
Momentum scale 0.19 0.48

Total systematic 0.8 3.1

Belle II

τ(D0) = (410.5 ± 1.1 ± 0.8) fs

τ(D+) = (1030.4 ± 4.7 ± 3.1) fs

World average  

(410.1 ± 1.5) fs

(1040 ± 7) fs1.75 1.8 1.95 21.85 1.9
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https://arxiv.org/abs/2108.03216



|Vub|, |Vcb| and R(D) prospects
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Towards Measurements of CKM Matrix Elements |Vub| and |Vcb|

Long-standing discrepancy between inclusive and 
exclusive determinations of CKM matrix elements
|Vub| and |Vcb|
Analysis of inclusive and exclusive semi-leptonic B
decays using both tagged and untagged approach

|Vub|: B Xul ν, B π(ρ ,η) l ν ( l = e , µ )-
- |Vcb|: B Xc l ν, B D(*)l ν ( l = e , µ )

Tagged approach exploits Belle II Full Event
Interpretation (FEI) algorithm
- hierarchical multivariate technique (>200 BDTs) 

to reconstruct the B-tag side (semi-leptonic or 
hadronic) through O(104) different decay modes
results in significantly increased tagging 
efficiency compared to Belle

-
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HFLAV Average

P(χ2) = 8.9%

|V |: GGOUub
|Vcb|: global fit

∆χ2 = 1.0 contours
Inclusive

HFLAV
2021

Comput Softw Big Sci 3, 6 (2019)

https://hflav.web.cern.ch M.Bona: UTfit 2021 SM update
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Inclusive and Exclusive b→(c,u) l ν Branching Fractions
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A large variety of different 
analysis strategies will help 
to resolve the remaining 
discrepancies

Alternative approaches, such
as the recently proposed use
of q2-moments, are expected
to further enhance sensitivity
to Vcb

FEI hadronic tag excl. B0 D*l ν

Untagged inclusive Xu l ν

Untagged exclusive B0 D*l ν
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Prospects for R(D(*))
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First paper on B physics: B+→K+νν 
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First paper on B physics!

• “Search for B+→K+νν decays 
using an inclusive tagging 
method at Belle II”

• FCNC with missing energy in the 
final state,  searched for at BaBar
and Belle using hadronic and 
semileptonic tagging methods 

• New method used with early BelleII
data: inclusive tagging method 
exploiting kinematic, event shape 
and vertexing  variables

b⟶s𝜐𝜐𝜐𝜐 searches, 
unique to BelleII

Same level 
precision with 
10 times less 

statistics
17

https://arxiv.org/abs/2105.05754



Belle II and flavour anomalies : R(K(*))
• B factories measurements + LHCb latest  results 

points to tensions with  SM predictions on lepton 
flavour universality in b➝sll and b➝cl𝜐𝜐

• What can Belle II say on those modes: R(K(*))

1
8

R(K) perspectives R(K*) perspectives

• R(K) measurement 
statistically limited 
in the short term,

• main syst from 
leptonID data-MC 
corrections

• ~ 20 ab-1 needed 
to reach 5𝜎𝜎 level

18



Dark sector studies
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L µ − L τ model:
► Z’ does not interact with 1st generation

leptons
► includes dark matter candidate
► potentially addresses (g− 2)µ anomaly
Search for resonance in mass of system recoiling against muon pair:

0 1 2 3 4 5 6 7 8

ZM [GeV/c2]

10−4

10−3

10−2

10−1

1

g

Lµ-Lτ (obs.) 90% CL UL

Lµ-Lτ , BF(Z' inv)=1 (obs.) 90% CL UL

Lµ-Lτ expected UL

Lµ-Lτ , BF(Z' inv)=1 expected ULLdt = 276 pb-1∫
Belle II 2018

(g-2)µ±2σ

► Simulations: can probe
µ(g− 2) band with ∼ 50 fb−1

Phys. Rev. D, 89, 113004. June 2014

Belle II, Phys. Rev. Lett. 124, 141801. April 2020, 
BELLE2-NOTE-PL-2020-012

Lµ – Lτ model:Z’ to invisible
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.89.113004
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.141801
https://docs.belle2.org/record/2028/files/BELLE2-NOTE-PL-2020-012.pdf


An Axion-like particle, a

► couples to bosons. Here focus on a → γγ
► could be a “portal” or “mediator” to connect SM to Dark Matter candidates if

a

ma ∼ O (1 GeV/c2)

DM

DM

a

∗
γ

γ

γ

γ

e+

−
e

Axion-Like Particles: a → γγ

21



► 445 ± 3pb−1 of data taken in 2018

► Search for bump on large
ee → γγγ background

► Require that the photon t/∆ t are all 
consistent with each other

► No tracks from the interaction point
► 0.88√ s ≤mγ γ γ ≤ 1.03√ s

► No significant excesses observed

► Even with a small data set, results 
exclude previously unexplored parts of 
phase space.

Belle II, Physics Review Letters 125, 161806 (2020)

Axion-Like Particles: a → γγ

22

- -

Low ALP mass spectrum

High ALP mass spectrum

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.161806


Dark Higgsstrahlung
Dark Photon (A’) mass could be generated via a spontaneous symmetry 
breaking mechanism, adding a Dark Higgs boson (h’) to the model:
- Dark Higgsstrahlung process: e+ e - → A’* → A’ h’

Belle II expected sensitivity on ε2αD

At Belle II we are exploring the invisible h’ decay 
(mh’ < mA’), constrained only by KLOE:

Babusci et al. (2015), arXiv:1501.06795

e+ e - → A’* → A’(→ μ+ μ - ) h’(→ inv.)

Very promising results even considering
only the 2019 data set (9 fb-1):
- accessing an unconstrained region
beyond the KLOE coverage;

- probing non-trivial ε2αD couplings.

Preliminary  
systematics  

estimate

KLOE

23



τ physics and prospects
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𝛕𝛕 mass measurement

The measurement is performed in the decay mode 𝛕𝛕→ 3𝝅𝝅𝝂𝝂 (3x1 prong topology), 
using a pseudomass technique developed by the ARGUS collaboration:

* The distribution of the pseudomass is fitted to a empirical edge function to  
estimate 𝛕𝛕 lepton mass.

m𝛕𝛕=1777.28 ± 0.75 (stat) ± 0.33 (syst) MeV/c²

Public Belle II note
→arxiv.2008.04665

Accuracy of lepton 
universality measurements.

26

to be reduced

https://arxiv.org/pdf/2008.04665.pdf
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Belle II have compatible results with previous
experiments and comparable sys. errors with
previous B factories BaBar and Belle.

~300 fb⁻¹ statistical precision as Belle/BaBar.

arxiv.2008.04665

𝛕𝛕 mass measurement
The goal is to the best m𝛕𝛕 precision among pseudomass measurements.

https://arxiv.org/pdf/2008.04665.pdf


Tau lifetime

❖ Proper time related to the decay length and the 
momentum.

e⁺e⁻ → 𝝉𝝉⁻𝝉𝝉⁺
𝛒𝛒𝝂𝝂

𝝅𝝅𝝅𝝅𝝅𝝅𝝂𝝂

l𝜏𝜏 and p𝜏𝜏
to be reconstructed 
from measurements.

Production vertex→ intersection of the 
direction with the plan y=IPy.

x5 higher efficiency than
Belle using 𝝉𝝉→ 3𝝅𝝅𝝂𝝂 x 𝝉𝝉→ 3𝝅𝝅𝝂𝝂 topology.

Competitive results at 150 fb⁻¹!

3x1 topology
● Important parameter in the SM.

● Test of the lepton flavor universality (LFU).

● World best measurement by Belle (711 fb⁻¹):

𝛕𝛕𝜏𝜏 = ( 290.17 ± 0.53(stat)±0.33(sys) ) fs

Measurement strategy:
❖ Proper decay time distribution.

Proper time resolution

Fit to extract 𝛕𝛕𝛕𝛕

(𝛒𝛒→ 𝝅𝝅𝝅𝝅⁰)

Epiphany conference talk

𝛕𝛕 lifetime
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.112.031801
https://indico.cern.ch/event/934666/contributions/4155576/attachments/2192153/3705262/epiphay_2021_tau_lifetime.pdf


LFV

Two ordersof magnitude of improvement @ 50ab⁻¹.

LFV is strongly
suppressed within the
SM.
Any observation of
LFV is clear signal for
New Physics!

𝛕𝛕 is the heaviest charged lepton Large variety of leptonic and semi-leptonic decays to 
search for LFV(LNV).

N
P

m
od

el
s

Belle II Physics Book

𝛕𝛕 LFV decays
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https://arxiv.org/abs/1808.10567


Matter anti-matter Asymmetries
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Isospin sum rule : 𝐵𝐵 → 𝐾𝐾+𝜋𝜋−, 𝐾𝐾+𝜋𝜋0, 𝐾𝐾0𝜋𝜋+

𝐼𝐼𝐾𝐾𝜋𝜋 = 𝐴𝐴CP
𝐾𝐾+𝜋𝜋−

+ −
𝐵𝐵ℬ(𝐾𝐾 𝜋𝜋 ) 𝜏𝜏 + + −

𝐵𝐵ℬ(𝐾𝐾 𝜋𝜋 ) 𝜏𝜏 +

𝐾𝐾0𝜋𝜋+ ℬ(𝐾𝐾0𝜋𝜋+) 𝜏𝜏𝐵𝐵0 𝐾𝐾+𝜋𝜋0 ℬ(𝐾𝐾+𝜋𝜋0) 𝜏𝜏𝐵𝐵0 𝐾𝐾0𝜋𝜋0 ℬ(𝐾𝐾0𝜋𝜋0)
+ −ℬ(𝐾𝐾 𝜋𝜋 )

+ 𝐴𝐴CP − 2𝐴𝐴CP − 2𝐴𝐴CP ≈ 0

Probes 𝜋𝜋0 reconstruction & PID separation

𝐵𝐵+ → 𝐾𝐾+𝜋𝜋0

ℬ(𝐵𝐵0 → 𝐾𝐾+𝜋𝜋−) = [18.0 ± 0.9(stat) ± 0.9(syst)] × 10−6

𝐴𝐴𝐶𝐶𝑃𝑃(𝐵𝐵0 → 𝐾𝐾+𝜋𝜋−) = −0.16 ± 0.05(stat) ± 0.01(syst)

−1.0
𝐴𝐴𝐶𝐶𝑃𝑃(𝐵𝐵+ → 𝐾𝐾+𝜋𝜋0) = −0.09 ± 0.09(stat) ± 0.03(syst)
ℬ(𝐵𝐵+ → 𝐾𝐾+𝜋𝜋0) = [11.9+1.1(stat) ± 1.6(syst)] × 10−6

−2.2

𝐴𝐴𝐶𝐶𝑃𝑃(𝐵𝐵+ → 𝐾𝐾0𝜋𝜋+) = −0.01 ± 0.08(stat) ± 0.05(syst)
ℬ(𝐵𝐵+ → 𝐾𝐾0𝜋𝜋+) = [21.4+2.3(stat) ± 1.6(syst)] × 10−6

𝑆𝑆𝐾𝐾0 reconstruction

𝐵𝐵+ → 𝐾𝐾0𝜋𝜋+

M.   Gronau 
(Phys. Lett. B 627 (2005)
no.1, 82-88)

arXiv:2105.04111

Sensitive test for non-SM physics

𝐵𝐵− → 𝐾𝐾−𝜋𝜋0

arXiv:2106.03766
𝐵𝐵− → 𝐾𝐾0𝜋𝜋−
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https://www.sciencedirect.com/science/article/abs/pii/S0370269305013274?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0370269305013274?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0370269305013274?via%3Dihub
https://arxiv.org/abs/2105.04111
https://arxiv.org/abs/2106.03766


Isospin sum rule : 𝐵𝐵 → 𝐾𝐾0𝜋𝜋0

33

𝐼𝐼𝐾𝐾𝜋𝜋 = 𝐴𝐴CP
𝐾𝐾+𝜋𝜋−

+ −
𝐾𝐾0𝜋𝜋+ ℬ(𝐾𝐾0𝜋𝜋+) 𝜏𝜏𝐵𝐵0

ℬ(𝐾𝐾 𝜋𝜋 ) 𝜏𝜏𝐵𝐵+ + −ℬ(𝐾𝐾 𝜋𝜋 ) 𝜏𝜏𝐵𝐵+

𝐾𝐾+𝜋𝜋0 ℬ(𝐾𝐾+𝜋𝜋0) 𝜏𝜏𝐵𝐵0 𝐾𝐾0𝜋𝜋0 ℬ(𝐾𝐾0𝜋𝜋0)
+ −ℬ(𝐾𝐾 𝜋𝜋 )

+ 𝐴𝐴CP − 2𝐴𝐴CP − 2𝐴𝐴CP ≈ 0

−0.44𝐴𝐴𝐶𝐶𝑃𝑃(𝐵𝐵0 → 𝐾𝐾0𝜋𝜋0) = −0.40+0.46(stat) ± 0.04(syst)

First measurement in Belle II data!

−1.6ℬ(𝐵𝐵0 → 𝐾𝐾0𝜋𝜋0) = [8.5+1.7(stat) ± 1.2(syst)] × 10−6

𝐵𝐵0 𝑡𝑡𝑎𝑎𝑔𝑔𝑠𝑠 𝐵𝐵0 𝑡𝑡𝑎𝑎𝑔𝑔𝑠𝑠

𝐼𝐼𝐾𝐾𝜋𝜋 precision is dominated by this channel

−8𝑁𝑁(𝐵𝐵0 → 𝐾𝐾0𝜋𝜋0) = 45+9

Belle II: unique access to this channel !

arXiv:2104.14871

Flavor-tagging technique
in Belle II arXiv:2008.02707

https://arxiv.org/abs/2104.14871
https://arxiv.org/abs/2008.02707


Isospin sum rule – projected uncertainty
Procedure

𝐾𝐾 𝜋𝜋• 𝐾𝐾0𝜋𝜋0 : Dominant uncertainty from 𝐴𝐴𝐶𝐶𝑃𝑃(𝐾𝐾0𝜋𝜋0). Calculate σ𝐼𝐼 with Belle II results
• 𝐾𝐾+𝜋𝜋− ,𝐾𝐾+𝜋𝜋0 , and 𝐾𝐾0𝜋𝜋+ : Take world best measurements, and investigate
future projections with Belle II and LHCb expected luminosities.

arXiv:2104.14871

The projected 
uncertainty on 𝐼𝐼𝐾𝐾𝜋𝜋

Fundamental role of Belle II in improvement of precision ! 32

https://arxiv.org/abs/2104.14871


• Bel le II produced
interest ing a n d
compet i t ive results with
little d a t a a l ready

• The Bel le II phys i c s
program is ver y broad

• New ideas are
ex tend ing  the phys i c s
reach

• Searching for new physics
phenomena. Stay tuned.

Conclusions

33



Back up slides



A comparison with LHCb
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𝛕𝛕 → l + 𝜸𝜸, 𝛕𝛕 → 3 l
Golden channelsIn SM LFV is highly suppressed Br ~ O(10⁻⁵⁴)

Full reconstructed
e⁺e⁻ → 𝝉𝝉⁻𝝉𝝉⁺

1 prong + missing(𝝂𝝂,𝛄𝛄)
𝜇𝜇𝜸𝜸, 𝜇𝜇𝜇𝜇𝜇𝜇 (LFV mode)

Belle II Physics Book

Belle II Physics Book.
BKG free selection w/ 1 ab⁻¹. 
BR(𝛕𝛕 → 𝝁𝝁 + 𝜸𝜸 ) < 2.72 x 10⁻⁸ 
Improvement ~Belle limit/2. 
(no sys. unc. included)

NP model predictions: 
O(10⁻¹⁰-10⁻⁸).

Signal determination as 𝝉𝝉 → 𝜇𝜇𝜸𝜸.

Belle: 2.1 x 10⁻⁸ (782fb⁻¹). 
Belle II: ~10⁻¹⁰.

30

https://arxiv.org/abs/1808.10567
https://arxiv.org/pdf/2103.12994.pdf
https://arxiv.org/pdf/1001.3221.pdf


Rediscoveries of B→J/ψK0L and B → η′K

37

• The measurement of sin(2φ1/β)
using B0→J/ψK0L complements the
one from B0→J/ψK0S

 signal yield compatible 
with Belle result (no sys.
error yet)

 next to come: precise 
measurement of B0

lifetime and mixing
frequency

• Rediscovery of rare hadronic 
penguin diagram mediated 
decay B→ η′K
 particularly sensitive to 

new physics in the
hadronic loop

 measured branching
ratio in agreement with 
world average

Belle II preliminary
-1∫ Ldt=62.8 fb

Data
B → KL J/ψ signal
Combinatorial background
Peaking background

Rediscovery of B J /ψK 0 L

5.2 5.22 5.28 5.3
0
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35

40
γγ s

0B →η'(→η ππ)K ∫ Ldt=62.8 fb-1

LR>0.7
Data 
Fit 
Signal
Continuum  
Peaking

Rediscovery of B η ’ K
Belle II - Preliminary

arXiv:2104.06224 arXiv:2106.13547

−20 −10 0 10 20 30 40 50 60 70 80
∆ E [MeV]

5.24 5.26
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Probing τ-µ Universality and LFV in Υ(3S) Decays

-
-

The decay widths of a q qbound state into a pairs of 
leptons can be precisely calculated
The ratio of decay widths in τ pairs and µ pairs Rτµ is 
therefore a sensitive probe for New Physics such as

light CP-odd Higgs in 2HDM (Type-II) models 
with large tanβ
New Physics contributions that might resolve 
tensions in R(D*) measurements

Based on Υ(3S), Υ(4S) and off-resonance data the 
Babar measurement exploits differences between 
resonant and off-resonant di-muon processes to 
improve the precision
The result is six times more precise than previous 
measurement and agrees with the SM prediction of 
0.9948 within ± 2σ

The data are also used to derive an upper limit on 
electron-muon flavor violation in Υ(3S) decays: 
ℬ (Υ (3S ) → e± μ∓) < 3.6 × 10− 7 at 90% CL

RΥ (3S)
τμ =

ΓΥ→τ τ+ −

ΓΥ→μ+μ−
= 0.966 ± 0.008stat ± 0.014syst

Phys. Rev. Lett. 125.241801
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`

Result of template fit after continuum background subtraction



μ τL – L model: Z’ to invisible
Measurement done using 2018 pilot run data: only 276 pb-1 usable due to trigger conditions.
Looking for:
- a peak in the mass distribution of the system recoiling against the dimuon pair;
- nothing else in the rest of the event. 90% CL upper limit on the g’ coupling constant

PRL 124 (2020) 141801
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Starting to probe the (g – 2)μ band already with 50 fb-1





L µ − L τ model:

γ/Z

Z I

e

e

► Z` does not interact with
1st generation leptons

► includes dark matter candidate
► potentially addresses

(g− 2)µ anomaly
µ

ν, χ
ν, χ

Search for resonance in mass of system 
recoiling against muon pair:

0 1 2 3 4 5 6 7 8

ZM [GeV/c2]

10−4

10−3

10−2

10−1

1

g

Lµ-Lτ (obs.) 90% CL UL

Lµ-Lτ , BF(Z' inv)=1 (obs.) 90% CL UL

Lµ-Lτ expected UL

Lµ-Lτ , BF(Z' inv)=1 expected ULLdt = 276 pb-1∫
Belle II 2018

(g-2)µ±2σ

► Simulations: can probe
µ(g− 2) band with ∼ 50 fb−1

µ
Phys. Rev. D, 89, 113004. June 2014 Belle II, Phys. Rev. Lett. 124, 141801. April 2020, 

BELLE2-NOTE-PL-2020-012

L – L model:Z’ to invisible
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.89.113004
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.141801
https://docs.belle2.org/record/2028/files/BELLE2-NOTE-PL-2020-012.pdf


► 445 ± 3pb−1 of data taken in 2018

► Search for bump on large
ee → γγγ background

► Require that the photon t/∆t are all 
consistent with each other

► No tracks from the interaction point

► 0.88√ s ≤mγ γ γ ≤ 1.03√ s

► No significant excesses observed
► Even with a small data set, results 

exclude previously unexplored parts of 
phase space.

FIG. 5. Upper limit (95% C.L.) on the ALP-photon coupling 
from this analysis and previous constraints from electron beam-
dump experiments and e+e− → γþ invisible [6,9], proton beam-
dump experiments [8], e+e− → γγ [11], a photon-beam experi-
ment [12], and heavy-ion collisions [13].

Belle II, Physics Review Letters 125, 161806 (2020)

Axion-Like Particles: a → γγ
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.161806
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