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Motivation:

in 2006
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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 



U-boson detectability, and LDMP.Fayet,  arXive:0607094 (2006) 

The process which could have a U-boson
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“Old” summary of the searches

S. Andreas, C. Niebuhr, A. Ringwald, arXiv:1209.6083
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X17 signal in nuclear reactions

212 citations on 2016 paper according to PRL
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X17 signal and dark photon space
Currently X17 is an urgent problem

Hopefully, it will be resolved, may be
by PADME (beam energy scan)
and/or by the X17/PRAD

The proposed A’ experiment 
with 50 nA positron c.w. beam will be 
able to resolve the puzzle due to 
universal sensitivity, higher luminosity

J.Feng etal.,
Phys. Rev. D 
95, 035017
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NA64 recent analysis
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Belle-II recent analysis
arXiv:2212.03066v3 

e2

= 
e 

e+e  - ->  g + A’ with
invisible decay of A’

100 GeV e on Z -> e Z A’
with active ECAL target

m-e2 range in
this proposal
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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 



Experiment layout
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5 cm LH2

§ 50 nA positron beam on 5 cm long LH2

§ High resolution part of PRAD calorimeter

§ fADC - based DAQ with programmable trigger



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

68 cm x 68 cm
+/- 2.8 degrees

2.5 degree



Expected rate in the calorimeter
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Mass resolution
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the photon energy and angle allow us to calculate
the missing mass:

M2
A0 = 2m2

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



Projected detector rates
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Hz

e2 = 1 x 10-7

need 2x109 events ~ 2x105 sec



Concept of this proposal
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the photon energy and angle allow us to calculate
the missing mass:

M2
A0 = 2m2

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

e2 = 0.01



Concept of this proposal
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High rate capability DAQ
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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 60-day run

3. Does not require new detector development
(PRAD + two traditional MWPC)

two-sigma level



Projected sensitivity and beam time request
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Uniqueness of the missing mass method
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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 60-day run

3. Does not require new detector development
(PRAD + two traditional MWPC)
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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). 

• 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.



Backups
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Options for e+e- experiment at low s

A “very” low energy s1/2 ~ 100 MeV

a) Search in existing data from good detector => 
 problem with resolution at low s
b) 50 MeV x 50 MeV collider of e+e- =>
 very low luminosity << 1030 cm-2/s
c) Sliding beams of e+e- (200 MeV x 200 MeV)=>
 need specialized accelerator with two rings 
d) Positron beam and atomic electrons  

The focus is now on a positron beam of ~2-11 GeV 
incident on the hydrogen target 
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High rate capability DAQ
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High rate capability DAQ and data flow

DAQ in this experiment operates as 
an advanced multi channel analyzer-  
and allows a high event collection rate



Calorimeter data in PRAD vs. our MC
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PRAD data A’ experiment simulation



Detector calibration
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Most events are from the processes of e+e- elastic scattering and 
two-gamma final state: ~1014 of 1-hit and ~1013 2-hit events with 
exact energy-angle correlations.
These events will be used for energy calibration of the calorimeter 
blocks and for check/correction of the position related 
systematics. 
Systematics is also suppressed due to the locus for events for 
given mass of A’ mass:

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

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

M2
A0 = 2m2
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PADME
Slide from the report by   
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