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Light Dark Matter 
searches with positrons

M.Battaglieri
INFN

(on behalf of JPOS-LDM)
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★ Experimental limits

Direct Detection

1 MeV                                                              1 GeV                 MZ                           10 TeV
WIMPs

Want to 
look 
here!

Light Dark Matter

Dark Sector or Hidden Sector (DM not directly charged under SM interactions)

Can be explored at accelerators!

Light Dark Matter

• Low mass elastic scattering on heavy nuclei produces small recoil 
• eV-range recoil requires a different detection technology
• Directionality may help to go behind existing limits at large masses

• Direct Detection is difficult

Light Dark Matter with a (almost) weak interaction (new force!)

covers an unexplored mass region extending the reach 
outside the classical DM hunting territory

• High intensity

Accelerators-based DM search

• Moderate energy
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Dark Photon Signatures

Vector mediated Light Dark Matter

• Vector-Portal: DM-SM interaction mediated by U(1) gauge-
boson (dark photon or A’) couples to electric charge

• Secluded: no constraints by cosmology for accelerator based 
experiments.  Any ε allowed

• Visible decay: final state contains SM particles

• Invisible decay: A’ decays to Dark Sector invisible particles

A’ interaction scenarios
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Light Dark Matter @ JLab

e+e- collidersFixed Target

Cross-Section

Luminosity

Process

✴1/MA’ .vs.1/Ebeam

✴Coherent scattering from Nucleus (~Z2)

• high backgrounds
• limited A’ mass

• low backgrounds
• higher A’ mass

Fixed target vs. collider 
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JLAB positron beam
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A’ Production mechanisms - e±

The Weizsacker-Williams approximation (A’-strahlung)

• The incoming electron ‘see’ a fast-moving cloud of effective photons to scatter from 
• Photons are almost on-shell (low Q2) → transverse photons ~ e- γReal scattering
• Same treatment as the regular bremstrahlung
• Regularisations occurs in the case of interest MA’ >> Me- 
• Effective photon flux χ is critical, accounting for nuclear effect using FF

• NON-RESONANT 
annihilation

~ ε2 α2

• RESONANT 
annihilation

~ ε2 α

• Two-body process
• A’ forward-peaked 

along e+ direction 
• EA’ = ER = m2A’/2me

• A’  along (e+e-) 
direction 

A’ Production - positrons 

~ ε2 α3

• Known and used 
• Collider (missing mass experiments)
• Thin target experiments (visible decay) 

e+e- ➞ g’ g ➞ mm g
➜ BABAR, BELLE, KLOE, CLEO
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e+ annihilation on fixed (thin) target
invisible

7

Missing mass search:
• Independent of A’ decay mechanism
• Bump hunt (monophoton@collider)

• Need a positron beam

• Beam: e+ from LNF LINAC, 550MeV, multiplicity ∼ 20k e+/bunch, bunch 250 ns, frequency 49 Hz.

• Diamond active target 100 μm thickness: position, size and intensity of incoming beam

• Dipole magnet of 0.45 T to deflect charged particles out calorimeter

• Plastic scintillators veto system + high energy e+ veto to detect charged particles bent by magnet

• Electromagnetic calorimeter (ECAL) composed of 616 BGO crystals 

• Small angle calorimeter (SAC) composed of 25 PbF2 crystals
• Already collected 5 1012 POT (expected 1013 POT)
• Next runs focused on X17

PADME

@

LNF

• Limited MA’ accessible
• 1 GeV beam: MA’ < 31 MeV
• 5 GeV beam: MA’ < 71 MeV

LNF

Cornell • Ee- = 5.3 GeV
• EOT ~ 1017 - 1018 year-1

• Ee+ = 550 MeV
• EOT ~ 1013 - 1014 year-1

VEPP3 • Ee+ = 500 MeV
• EOT ~ 1015 - 1016 year-1

JLab
(future)

• Ee- = 11 GeV
• EOT ~ 1018 - 1019 year-1
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JPOS@JLAB

• Main limitation: limited energy in the CM ~ sqrt(Ebeam)
• High energy positron beams are not (yet) available
• The highest energy at JLab (~11 GeV) Max MA' ~ 106 MeV

• Reusable PADME components: target, calorimeter and veto
• New DAQ suitable for a CW beam is necessary

e+ annihilation on fixed (thin) target
invisible

e+ annihilation on fixed (thick) target
invisible

• Active beam-dump experiment (á la NA64 but with positron!)
• Clear signal (peak!) due to the annihilation: MA’ = Sqrt(2 me Emiss)
• Missing energy exp (e+ Z ➝ e+ Z’ A’ with A’ ➝ invisible)
• 11 e+ beam, low current
• Active target (calorimeter)
• Exclusion plots based on 1013 POT
• Detector: ECAL to measure e+ and an HCAL as a veto

HCAL

ECAL
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PADME@JLAB
Snowmass 2021

L.Marsicano, M.Raggi
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JPOS@JLABD.Dean CLAS Coll. Meeting Nov 2022
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Under study: 

JPOS-ThinTarget@Hall-B

• The first interaction with PADME 
Group is currently committed to 
concluding data analysis focusing on 
X17


• LOI for PAC51 due by end of May ’23 
(PAC meeting ~July ’23) may be too 
early


