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We propose an experiment to search for a new particle, the U/Aʹ-boson, 
by measuring the missing mass spectra in the positron annihilation in flight 
with an atomic electron with one final particle (photon) detected. 
The missing mass reconstructed from the energy and angle of the detected photon 
will provide the means for the search for any type of secondary particle produced 
in the reaction -“production experiment”. 
This experiment has the potential to discover a dark matter particle and 
has a unique feature: The search sensitivity has no impact from the uncertainty 
in the boson decay mode and branching value. 
The proposed search for a narrow peak in the missing mass spectrum will 
allow us to find or put an upper limit on the new particle coupling with 
normal matter (electron/positron). 
The projected statistical sensitivity for the reduced coupling constant 
f2/e2 reaches 2×10−8 with 55 days of run at a positron beam current of 50 nA. 
The result will be very important in dark matter parameter analysis. 

Bogdan Wojtsekhowski
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PR12+23-005 
 

Scientific Rating: N/A 

 

Recommendation: Deferred 

 

Title: A Dark Photon Search with a JLab positron beam 

 

Spokespersons: A. Gasparian, N. Liyanage, B. Raydo, B. Wojtsekhowski (contact) 

 

Motivation: The proposal aims at a search for the A′-boson in the mass range from 15 to 90 

MeV using the missing mass method. The A′-boson is the kinetically mixed dark photon. 

Knowledge of the A’ boson mass and its coupling to an electron (or an upper limit on this 

coupling) is of large interest to the dark matter research field. The proposed sensitivity might 

allow the collaboration to resolve the question whether there is a connection between the 

hypothetical X17 particle and the A’-boson. 

 

Measurement and Feasibility: The proposed experiment is to be carried out in Hall B using 

detectors and equipment that have been employed with success in the PRAD experiment E12-11- 

106. A positron beam with energies of 2.2, 4.4 and 11 GeV and a current of 50 nA will impinge 

on the atomic electrons of the target material. The signal process is e
+
 e− → γ A’ and the main 

background comes from e
+
 e− → γ γ. The experiment will detect a single photon and search for 

the A’ in the missing mass spectrum. 

 

Issues: While some physics background has been simulated for the proposal, the committee feels 

that a full Geant4 simulation of the measurement is needed to assess the sensitivity of the 

experiment. This should include a study of how the foreseen veto will exclude possible signal 

events. In addition, a more detailed discussion of the reach in comparison to competing 

experiments is needed. 

 

Summary: The PAC finds that the proposal presents an exciting and important search 

experiment. It encourages the proponents to resubmit this proposal after addressing the issues 

noted above. 
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Motivation:
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2006 tech note
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The processes which could have a U-boson

ge-2, gµ-2
p,h decays to Ug
p,j,y decays to g + invisible

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

Upper limit for the coupling constant   |feU|2  < 2 10-8 (mU)2
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e2 < 10-4 at 10 MeV 
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2013 summary of the searches

S. Andreas, C. Niebuhr, A. Ringwald, arXiv:1209.6083

e 
= 
g e

A’
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g-2 of muon and electron

Missing particle in e+e- to gA’ 

Decay to SM (e+/e-) -  
 Beam Dump
 Mass reconstruction
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S. Andreas, C. Niebuhr, A. Ringwald, arXiv:1209.6083
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From the NA64 review 
arXiv:2003.07257v1 [hep-ph] 16 Mar 2020 
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NA64 recent analysis
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This experiment concept

<latexit sha1_base64="qtEU3ZAitPBtIUykDx3WRX1uZgU="></latexit>

the photon energy and angle allow to calculate
the missing mass:

M2
A0 = 2m2

e + 2me ⇤ (E+ � E�)� 4E+ ⇤ E� ⇤ sin2( ✓�2 )

• A positron beam on a hydrogen target (e+e- annihilation)
• Selection of the one-photon final state events
• Search for a bump in the missing mass spectrum 



Hall B positron beam experiment
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§ NEW for PAC52 – 
§ sweeper 
§ dump 
§ Geant4 MC

§ 50 nA positron beam on 5 cm long LH2
§ High resolution part of PRAD calorimeter
§ fADC - based DAQ with programmable trigger



Calorimeter radiation load
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Calorimeter parameters
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O 10 cm (+/- 0.4 degree)

68 cm x 68 cm
+/- 2.8 degrees

2.5 degree



Mass resolution
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Beam dump
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Neutron radiation impact
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1011 n/cm2



Neutron radiation in Hall B
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Neutron radiation prediction
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Expected rate in the calorimeter

6/3/2024 HPS collaboration                  B.Wojtsekhowski slide 22

O 10 cm (+/- 0.4 degree)

68 cm x 68 cm
+/- 2.8 degrees

2.5 degree

0.5 1 1.5 2 2.5
 [deg]θ

1−10

1

10

210

310

410

]2
R

at
e 

[k
H

z/
cm

Magnet OFF:
= 500 MeVthresE
= 1000 MeVthresE

Magnet ON:
= 500 MeVthresE
= 1000 MeVthresE

 = 11.0 GeV
beam

Background Rates, E



Projected detector rates
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High rate capability DAQ



Projected sensitivity and beam time request
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Uniqueness of the missing mass method

1. Sensitivity does not rely on specific decay 
mode of A’ : e+e-, or hadrons, or semi-dark …
100 times more sensitive than (gµ-2) 

2. Good mass resolution allows us to make a 
productive search for a signal with a 55-day run

3. Does not require new detector development

4. The sweeper dipole designed (copy from CPS)

5. The beam dump calculated in FLUKA and Geant4

two-sigma level
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Compare with the previous proposal
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two-sigma level



Projected sensitivity and beam time request
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Beam time request

two-sigma level

Uniqueness of the missing mass method
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100 times more sensitive than (gµ-2) 
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Summary
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• Proposed search for the A’-boson in the process of e+e- annihilation 
will use a missing mass reconstruction method which allows observation 
of A’ independently of its decay mode(s) and its mass accurate measurement. 

• Experimental results will lead to an unambiguous conclusion about the
coupling constant of the A’-boson and e+e- in a mass range 15-90 MeV.

• Key new item of this experiment is a 50 nA positron beam.

• Existing PRAD experimental setup is the main part of the required detector.

• Required DAQ high-rate capability is achievable using currently developed
components. DAQ will be constructed for already approved PRAD-II experiment.


