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The mass range of current interest 
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Oct. 27, 2006 DNP APS Nashville 

Searching for a U boson with  
a positron beam   

Bogdan Wojtsekhowski
Thomas Jefferson National Accelerator Facility

¤  The light dark matter  
¤  Properties of a U boson 
¤  Design of the experiment and expected sensitivity 
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Oct. 27, 2006 DNP APS Nashville 

The case of the Light Dark Matter 

   The 511 keV line in the spectra of photons 
 

Photon energy spectrum Location of the source

P. Jean etal, Astron. Astrophys. 445, 579 (2006)
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Oct. 27, 2006 DNP APS Nashville 

From September 2006, NASA/SLAC  

DARK matter directly observed in gravitational experiment
What is the nature and parameters of the constituents?

We will discuss the process:
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Oct. 27, 2006 DNP APS Nashville 

From September 2006, NASA/SLAC  
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Oct. 27, 2006 DNP APS Nashville 

What facility is needed for the search ? 
 

A �very� low energy s ~ 10-20 MeV:
- includes large part of mass range
- allow to look for signal in U+γ mode
- lead to increase cross section ~ 1/s
- allow to use a fixed target approach

The answer: a positron beam of 100-400 MeV 
incident on the liquid hydrogen target 
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Options for e+e- experiment  at low s 
 

         A “very” low energy s ~ 10-500 MeV

a)  Search in existing data from good detector => 
limited mass resolution at low s

b) 5 MeV x 5 MeV collider of e+e- =>
very low luminosity

c)  Sliding beams of e+e- (200 MeV x 200 MeV)=>
need specialized accelerator with two rings 

d)  Positron beam and atomic electrons, m <  70 MeV

e)    A head-head collider for the mass range 100-500 MeV  

m ⇠
p

4 · E+ · E�
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from W. Panovsky’s article in BEAM LINE

For Ecm=100 MeV L ⇥ 1026 � 1029cm�2/s

Dashed line is
L � E2

cm

Luminosity of the colliders 
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from W. Panovsky’s article in BEAM LINE
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from W. Panovsky’s article in BEAM LINE

For Ecm=100 MeV L ⇥ 1026 � 1029cm�2/s
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from W. Panovsky’s article in BEAM LINE

For Ecm=100 MeV L ⇥ 1026 � 1029cm�2/s

Dashed line is
L � E2

cm

 Ring+ERL
Belle-II

MMAPS

Luminosity of the colliders 
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up to 5 GeV x 0.3 GeV

An electron beam of 100 mA
in the ERL is focused to match 
the e+ CESR beam

detector

       A new concept: Very Asymmetric Collider  
             CESR+ERL 

In 2015
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       A new concept: Very Asymmetric Collider  

In 1988
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In 1994

       A new concept: Very Asymmetric Collider  
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       A new concept: Very Asymmetric Collider  
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up to 5 GeV x 0.3 GeV

An electron beam of 100 mA
in the ERL is focused to match 
the e+ CESR beam

detector

       A new concept: Very Asymmetric Collider  
             CESR+ERL 

In 2015



October 26,  2016                                                 Bogdan Wojtsekhowski, Messina workshop                                         19 

     0.5 GeV x 0.1 GeV

The mass up to 400 MeV 

An electron beam of 100 mA
in the ERL is focused to match 
the e+ DAFNE beam

       A new concept: Very Asymmetric Collider  
             CESR+ERL or/and DAFNE+ERL 



October 26,  2016                                                 Bogdan Wojtsekhowski, Messina workshop                                         20 

VAC for precision physics

   A Very Asymmetric Collider @ Cornell with a positron 
   beam of the ring and an electron beam of ERL could be 
   the ultimate device for discovery and study of 
   the Dark Photons in the mass range up to 1-2 GeV.
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Luminosity 
l  Luminosity comes from charge (particles/bunch Ne, Np), current 

(collision frequency fc), and beam size (σx, σy) 

l  If beam-beam interaction is strong enough and bunch charges 
asymmetric, the “weak” bunch can be disrupted, providing 
enhancement of luminosity (HD) 

l  For linac-ring systems (Bisognano et al., LINAC’88) 

 

l  Can evaluate luminosity for example system concepts 
-  Cornell-BNL Cβ + CESR e+  

-  DAΦNE e+ + JLab-style ERL at 100 MeV 
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Conclusions 

l  High energy e+ on low energy e-  provides novel 
avenue to high luminosity 

l  CESR e+ on Cβ a promising possibility for 
realization of proposed system configuration 

l  DAΦNE e+ on a JLab-like ERL offers similar 
opportunities! 


