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Introduction
The processes which could have a U-boson

ge-2, g-2
 , decays to U

  decays to  + invisible

C.Boehm, P.Fayet, Nuclear Physics B 683 (2004) 

Upper limit for the coupling constant   |feU|2 < 2 10-8 (mU)2

2 < 10-4 at 10 MeV 

No specific restriction on 

U/A’ decay mode!
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A Worldwide Effort of Dark Photon Search

• Different Search Techniques:
• Bump hunting, beam dump, displaced 

vertex, rare decays…

• Search by different decay channels:
• Search in visible decay (A’->e+e-): 

APEX, HPS, X17 search, DarkLight…

• Search in beam dump: BDX, SLAC…

• Search by invisible and semi-invisible 

decay: NA64…
• …

Eur. Phys. J. C (2021) 81:959 
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Dark Photon Search with Single-γ from e+e- Annihilation

• Using e+e- annihilation with positron beam and atomic electrons in LH2 

• Selecting one-photon final state events and search for bump in Mx spectrum

• Independent of A’ decay mode

• Require detection of forward-going photons with high resolution
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Dark Photon Search with e+ Beam at JLab
• Proposal (C12+24-005) approved by PAC 52 for 55 days with A- rating 

➢ C1: depending on e+ beam availability

• 50 nA e+ beam at 2.2/4.4/11 GeV on 5 cm long LH2

• Experimental setup largely based on existing PRIMEX/PRad/PRad-II apparatus

• With an additional sweeper dipole magnet and a local beam dump

• fADC - based DAQ with programmable trigger, 20 MHz

sweeper dipole 

magnet:
~1.2m long, with 

2.8o aperture 
dipole magnet

local beam 

dump:
Multiple layer 
(W/Concrete/Poly)
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Experimental Apparatus
High resolution PbWO4 calorimeter 

(HyCal)

68 cm x 68 cm

+/- 2.8 degrees

Gas Electron Multiplier 

(GEM), used for photon 

position calibration

dE/E ~2.5%/sqrt(E) 

dx ~ 2.8mm/sqrt(E) 

2.8 deg
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Radiation Damage and Resolution
• At extreme forward angle, background rate and radiation very high, exceeds 

1000 Rad/hr without sweeper magnet

• Ideally < 30 Rad/hr for PbWO4 to maintain good resolution

• A sweeper magnet of 2 T*m field integral to reduce radiation to ~10 Rad/hr

• More data on radiation effect on resolution will be available this year with the 

upcoming Hall B X17 search experiment (summer 2026)
Conservatively estimated based on simulation
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Local Beam Dump and Neutron Shielding

Sweeper magnet, Bdl ~ 2 T-m

Calorimeter

Beam dump power < 550 W

5 cm LH2 target

Beam 50 nA

Geant4 model of the A’ search experiment

Additional poly 

shielding around 

the setup
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Local Beam Dump and Neutron Shielding
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Local Beam Dump and Neutron Shielding
Simulation study done also by L. Zana from JLab Radcon group

The value (108 n/cm2) is 2000 times below the value recommended in the published studies of the 

radiation impact on the electronics.
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Background Simulation

• Background distribution simulated with both 

physics generator and beam-on-target 

simulation with Geant4

• Results quite consistent

• Sweeper magnet reduces background rate by 

factor of 10

Luminosity 7 x 1034/cm2/s

𝜃 = 0.5𝑜 − 2.5𝑜

Eb = 11 GeV, threshold 0.5 GeV

Eb = 2.2 GeV, threshold 0.2 GeV
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High Rate Capacity DAQ
• Expected cluster rate ~20MHz for cluster energy > 200 MeV

• Require fADC250 and online filtering logic

• Resulting data rate ~1.1 Gb/s, well within limit
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Invariant Mass Resolution

Assuming 𝜀2 = 0.01 Assuming 𝜀2 = 0.01
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Projection
• Proposal approved (C1) with 55 days

➢ 15 days for each of 2.2/4.4/11 GeV

➢ 10 days for calibration and commission 

Assuming 𝜀2 = 1 × 10−7

With 2σ
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Potential DPS with LEEPP Program
• In fact, ideas of using e+ beam at low 

energy have been around for decades, 

though mostly not realized:
➢ A’ search using JLab FEL proposal in 2006 

(AIP Conf.Proc. 1160 (2009))

➢ VEPP-3 A’ search proposal in 2012
(JINST 13 (2018) 02, P02021)

➢ A’ search using very asymmetric e+e- collider
(NIMA 1049 (2023) 168035)

• Only realized by PADME/INFN, but with 

limited luminosity

• Searching for A’ in the ~MeV region with 

100-500 MeV high lumi. e+ beam

With 2σ
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VEPP-3 Proposal - 2012
• A proposal to use e+ storage ring and internal target at Budker institute, 

Novosibirsk, Russia

• Positron beam up to 500 MeV, with 30 mA current

• Internal target with areal density ~ 5x1015 atoms/cm2

• Luminosity ~1x1033 /cm2/s
JINST 13 (2018) 02, P02021
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VEPP-3 Detector Concept - 2012

• Experimental setup highly similar to the JLab C12+24-005 proposal
➢ A sweeper dipole magnet

➢ A High resolution CsI(Tl) EM-Cal: dimension 5x5x30 cm3, dE/E ~ 4%/sqrt(E), dx ~ 12mm

➢ An additional veto detector (scint. strips + Shashlik EM-Cal) to reject backgrounds from 

bremsstrahlung and radiative Bhabha

JINST 13 (2018) 02, P02021
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VEPP-3 Projected Results - 2012
• Positron beam up to 500 MeV, 

with 30mA current

• Internal target with areal 

density ~ 5x1015 atoms/cm2

• Luminosity ~1x1033 /cm2/s

• Half a year run with 65% time

utilization

• Sensitive to A’ in mass range 

between 5-20MeV, with 

sensitivity 𝜀2~1 × 10−7 − 10−8
JINST 13 (2018) 02, P02021
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JLab FEL Proposal - 2006
• Positron beam ~ 200 MeV, with 

50 nA current

• 1cm LH2 target 

• Luminosity 1-2 x 1034 /cm2/s

• Can be done with existing 

PRIMEX/PRad setup

• One month for data taking

• Sensitive to A’ in mass range 

between 2-12 MeV, with 

sensitivity 𝜀2~1 × 10−6

AIP Conf.Proc. 1160 (2009)
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Potential New Proposal 2026
• New proposal similar to VEPP-3 and 

JLab FEL can be developed quickly

• Similar technique, based on existing 

PRIMEX/PRad HyCal

• Positron beam 100-500 MeV, with 50 nA

current

• 1-5cm LH2 target 

• Luminosity 1-7 x 1034 /cm2/s

• ~4 months of data taking

• Sensitive to A’ in mass range between 1-

20 MeV, with sensitivity 𝜀2~5 × 10−8
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Summary

• A method to search A’ using positron beam will be productive:
• Require positron beam annihilating with atomic electron of hydrogen

• Searching for A’ independent of its decay mode

• Detectors mostly based on existing apparatus from PRIMEX/PRad

• Proposal (C12+24-005) for CEBAF based experiment approved by PAC52 

with rating A- for 55 days
• C1: depending on e+ beam availability 

• 3 beam energies, 2.2/4.4/11 GeV, each with 15 days of beam time

• Sensitive to A’ in mass range 15-90MeV

• High sensitivity 𝜀2~1 × 10−8

• Same idea can be extended to lower mass region (i.e. A’ mass 1-20MeV) with 

positron beam at a few hundred MeV



Backup
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VEPP-3 Proposal – 2012

• Missing mass resolution better than 2 MeV for A’ mass in range 5 -20 MeV

• Could be improved with HyCal PbWO4 modules, ~2 times better energy and 

positron resolution
Assuming 𝜀2 = 0.01

arXiv:1207.5089v1
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