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Theory
Dark photon = bosonic mediator of a “dark interaction” 

between dark matter (and SM) particles

A dark photon could explain the muonic g-2 anomaly!

Minimal model:

at low energies:

Free parameters (to be measured):

ε (strength of the mixing)

m
A
 (mass of the dark photon)
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Belle II perspective

 Barrel ECL without
projective cracks in ?

g

 Better cover of ECL gaps with KLM

20 fb-1

@ Phase 2

 Lower threshold of the trigger
g

 Higher CM energy
g

(@BaBar, lower trigger only @ 2S, 3S)
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Belle II perspective

20 fb-1

@ Phase 2

50 ab-1

@ Phase 3 ?

Will it be possible to use the single photon trigger
during the Phase 3 with the final luminosity?

This could be the only chance for us to do this measurement...
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Exp. signature
Only 1 photon in the detector

Needed a single photon trigger!

Signal: a “bump” at a
given energy of the detected photon
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Trigger + Evt. selection
Two triggers for single photon:

1) ECM > 2 GeV
2) ECM > 1 GeV, ECM (2nd cluster) < 0.2 GeV

Common features: 18.5° <  < 139.2°, no Bhabba, no θ γγ

Event selection requirements:
- cluster in barrel ECL and E > E( )θ

- no clusters with ECM > 0.1 GeV
- no tracks with pT > 0.2 GeV in CM

- no KLM clusters outside a 25° cone around the photon or 
back-to-back
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Backgrounds
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After selection
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ECL ineffiecies

KLM can cover 
the ECL 

inefficiencies!
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KLM studies @ Roma Tre
Main goal(s):

- map of the KLM efficiency for the photon detection
- comparison data/MC: how much reliable are

the geometry and simulation of the KLM?

Info contained in the KLMClusters data objects:
- time

- vector with cluster position
- momentum

- position and momentum errors
- # of layers with a cluster hit

- innermost layer with a cluster hit
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KLM studies @ Roma Tre
Main goal(s):

- map of the KLM efficiency for the photon detection
- comparison data/MC: how much reliable are

the geometry and simulation of the KLM?

Info contained in the KLMClusters data objects:
- time

- vector with cluster position
- momentum

- position and momentum errors
- # of layers with a cluster hit

- innermost layer with a cluster hit

- requested this morning to Leo
additional info about

the shape of the cluster
(number of 2D hits per layer)
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KLM studies @ Roma Tre
Map of the KLM efficiency for the photon detection:

in principle, already available from MC photons generated with the ParticleGun

#MCPhotons with ? 1 KLMCluster / #MCPhotons generated

0 < E < 10 GeV
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KLM studies @ Roma Tre
Map of the KLM efficiency for the photon detection:

in principle, already available from MC photons generated with the ParticleGun

#MCPhotons with ? 1 KLMCluster && 0 ECLClusters /
#MCPhotons generated with 0 ECLClusters

0 < E < 10 GeV
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KLM studies @ Roma Tre
But there is a “problem” with the simulation:
there are no informations at the mDST level

that tell us if a photon “reached” the KLM or not,
in order to apply the correct normalization.

NB: the function hasSeenInDetector(Const::KLM) 
returns always 0 for photons,

even if they have a KLMCluster associated
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KLM studies @ Roma Tre
But there is a “problem” with the simulation:
there are no informations at the mDST level

that tell us if a photon “reached” the KLM or not,
in order to apply the correct normalization.

NB: the function hasSeenInDetector(Const::KLM) 
returns always 0 for photons,

even if they have a KLMCluster associated
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KLM studies @ Roma Tre
Datasets available during Phase 2:
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KLM studies @ Roma Tre
Datasets available during Phase 2:

For systematic studies:
g

?(mu mu) accepted: 0.8 nb
?(mu mu gamma) accepted: ~ 0.008 nb

mu mu gamma events: ~ 150000 (Phase 2)

e e gamma events are “less clean”,
but more abundant!
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KLM studies @ Roma Tre
I learned during the last days
how to use correctly gbasf2,

so I will start as soon as possible to look
at the mu mu and mu mu gamma events

from the MC production, in order to measure the 
KLM efficiency with the Phase 2 data.
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KLM studies @ Italy
The Napoli group (with Francesco Di Capua)

will join us for these analysis and studies
(the activities need to be defined)
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Brief overview of
the other low multiplicity 
analyses during Phase 2
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Overview
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Overview



 Dark photon   Invisibles→ G. De Pietro 24 

Overview
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Search for monopoles
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Search for monopoles
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Search for monopoles

Few results for lowcharge monopoles:
during Phase 2 Belle II will be 
competitive with present results!

We have monopole simulation in basf2
from release010000 :)
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Backup slides
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Dark photon
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Search for dark photon

Dedicated experiments + Multipurpose experiments
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Theory
Dark photon = bosonic mediator of a “dark interaction” 

between dark matter (and SM) particles

A dark photon could explain the muonic g-2 anomaly!

Minimal model:

at low energies:

Free parameters (to be measured):

ε (strength of the mixing)

m
A
 (mass of the dark photon)



 Dark photon   Invisibles→ G. De Pietro 32 

Production
Several production mechanisms at e+ e colliders:

I will focus on e+ e annihilation

ε = 1
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Visible decay
Two different scenarios: visible vs. invisible decay

If mχ > ½ mA: dark photon decays into SM particles
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Invisible decay
If mχ < ½ mA: dark photon can decay into DM particles

Main decay if the coupling with DM isn't suppressed

No suppression:

αD >> αε2
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No direct comparison between results
reguarding visible and invisible decay

Many other results related to hadronic decays
and different models/mechanisms

Visible decay (→ l+ l) Invisible decay

Experimental status
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Dark photon   Invisibles→

BaBar and NA64 ruled out the possibility to explain completely
the g-2 anomaly introducing a dark photon

(assuming light DM: mχ < ½ mA)
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Dark photon   Invisibles→

But:
- it can still partially explain the g-2 anomaly (+ other NP)

- it's still an important portal to light DM
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