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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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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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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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The case of the Light Dark Matter

Scalar  DM particles: χ / χ 
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The processes which could  has U-boson

 ge-2, gµ-2
 π,η decays to Uγ
 π,ϕ,ψ decays to γ + 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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The processes which could has U boson

U-boson detectability, and LDM      P.Fayet,  arXive:0607094 (2006) 
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The processes which could has U-boson

Υ decays to γ + invisible 
BABAR: Binv<  3 10-6      

P.Fayet,  arXive:0812390 (2008) 

universality of couplings leads to restriction on

the coupling constant  |feU|2 < 5 10-8 (mU[MeV])2
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The search for the-U boson in e+e-

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

N.Borodatchenkova, D.Choudhury and M.Drees, PRL 96 (2006)

suggestion: to search in data
from DAΦNE and CLEO; the 
potential sensitivity for 
  the coupling fe

2 ~ 10-6
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The search for new physics in e+e-
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The search for the resonances e+e-
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Another search for the boson
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Search experiment with BaBar data
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Options for e+e- experiment  at low s
 

 A “very” low energy s ~ 10-30 MeV

a) Search in existing data from good detector => 
 problem with resolution at low s
b) 5 MeV x 5 MeV collider of e+e- =>
 very low luminosity < 1029

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 now on a positron beam of several 100s MeV 
incident on the hydrogen target 
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JLab positron beam considerations 
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Ee = 130 MeV, E+ = 20± 1 MeV, θ+ < 15◦

εx = γ x θx

P.Degtyarenko & BW

J+ = J− × (εmax
x )2 ×N+/N−

 Production: ~10-4 positrons per each 
160 MeV electron  into  acceptance SRF 

N+/N− ∼ 3× 10−4
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Schematic of the proposed 
experiment

 Positron beam 
with 1-2 MeV 
spread 

 Thin - 1 cm liquid 
hydrogen target 

 Direct the rest of 
the beam  to the 
dumps

Makes use of high luminosity: 1000 parallel 1-d spectra.

•   Segmented photon detector ~ 1000 modules, ~2% energy resolution. 
•   Parallel DAQ for the total rate of ~50 MHz.  Example from kTeV used CsI
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Singles Rates

 Dominant rate in the peak of two-gamma process.
 Intensity drops 100 times below the peak.
 The rate per module is about 50 kHz

Rates are calculated for the luminosity = 3 × 1034 cm-2 s-1  
Calculations are based largely on the GEANT3 code 
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Basic QED:  e+e- → γ γ   (mono-energetic)
Search for :   e+e-  →  γ U  (peak below main)
Basic QED:  e+Z → γ    (smooth brems.)

The photo-production 

 Detect γ at fixed angle 
with the beam :

  reconstruct the mass             
 Variation with the 

angle:
 control systematic 
 Target Z 
 Hydrogen vs. 12C
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Expected accuracy of the result

fe
2 <  3 x 10-8 e2  (it is 5 sigma), which  is  “100+” improvement

relatively to the upper limit obtained from g-2 results at mU = 10 MeV



SLAC,  September 25, 2009

What is proposed ?
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Positron Beams
 A beam of 25 nA 400 MeV was produced at Saclay in 1980          

 Beam of 1 µA was used for SLC (120 Hz), we need d.f. 100%

 Positron damping ring up to 1.2 GeV, 200 mA  

 VEPP-3 energy of 0.6-2 GeV, 10 mA positrons

Slow positron

e+

30 cm diameter flywheel

e

1 mA electron beam 

30!100 nA positron beam

170 +/ 1.5 MeV

!

positron beam

 45 micron emittance

30 +/ 1.5 MeV

Optics

150 kW 160 MeV dump 

Positron source
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Positron Damping Ring Setup

A BMK

De
etector

Gas Target
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Summary

 Observation of a U-boson signal on the level of 5 sigma 
(statistical), assuming  fe2 = 3*10-9, requires 3 month 
production running (total~ six-month experiment).

 For mU in range 2-25 MeV, this experiment has unique 
sensitivity, which about 1-2 orders higher than (g-2).

 Experiment will explore exciting explanation of the 511 
keV signal, light dark matter and search for particle 
beyond Standard Model.

See also in arXiv:0906.5265
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Spectrometers and 
beam  in the Hall A

Bogdan Wojtsekhowski
Thomas Jefferson National Accelerator Facility

 The HRS spectrometer
 Configuration for Pb-skin with septa magnet 
 H(e,e’K) experiments
 Design and expected sensitivity
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CEBAF Accelerator

● Re-circulating linac design
● Up to 5 pass, 0.3 to 1.2 GeV 
per pass. 

● 6.0 GeV max beam energy
● 100% duty cycle

●2ns microstructure
● σE/E < 1·10-4 (Halls A & C)
● Beam polarization up to 85%
● 180 µA max currentA B C
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Hall A at Jefferson Lab

Beamline
●σE/E < 2·10-4 (absolute)
●Non-invasive 3% 
polarization measurement

Two High Resolution 
Spectrometers originally 
designed for  (e,e´p) expts.
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Hall A at Jefferson Lab
Two HRS Spectrometers
●0.3 < p < 4.0 GeV/c
●-4.5% < Δp/p < 4.5%
●6 msr at 12.5° <θ<150°
●4.5 msr at θ=6° with septum
●-5cm<Δy<5cm

Optics: (FWHM) 
●δp/p ≤ 2·10-4 (achieved)
●δϑ=0.5 mrad, δϕ=1 mrad
●δy=1mm

●Luminosity ~ 1038 cm-2s-1
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High Resolution Spectrometer
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Configuration QQDnQ Vertical bend
Bending angle 45◦
Optical length 23.4 m
Momentum range 0.3 - 4.0 GeV/c
Momentum acceptance -4.5% < δp/p <+4.5%
Momentum resolution 1×10−4

Dispersion at the focus (D) 12.4 m
Radial linear magnification (M) -2.5
D/M 5.0
Angular range HRS-L 12.5◦ - 150◦

HRS-R 12.5◦ - 130◦
Angular acceptance: Horizontal ±30 mrad

Vertical ±60 mrad
Angular resolution : Horizontal 0.5 mrad

Vertical 1.0 mrad
Solid angle at δp/p = 0, y0 = 0 6 msr
Transverse length acceptance ±5 cm
Transverse position resolution 1 mm

High Resolution Spectrometer
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PREX :  Pb   Radius Experiment
Low  Q    elastic   e - nucleus   scattering

E  =  850  MeV

€ 

θ =6

€ 

F n (Q
2)

Neutron    Star

Scheduled for April-May 2010
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2004 experiment H(e,e’K)X
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Design of the “A” search 

Resolution defined by the angle -> 1%

+

-

δ+ = E+θ+ mU from 30 to 100 MeV

m2
inv = (p+ + p−)2 ≈ E+E−(θ+ + θ−)2

minv ∼ E±(θ+ + θ−)
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Design of the “A” search 

100

(10-4)2

~1/1000

from arXiv:0906.0580

Pair in QED =>
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Design of the “A” search 

100
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from arXiv:0906.0580
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Detecting e+e- with MSD 


