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Physics with a GeV positron beam
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Dirac analysis of the process
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High resolution e-m calorimeters at JLab allow the design 
of an experiment for a sensitive search of the U-boson (A’)

No assumption about the A’ decay

Hall B – PRAD-II -1600 crystals 
Hall C – NPS - 1080 crystals 
Hall D – 1600 crystals (under construction)
Each calorimeter will use fADC-based DAQ
High energy and coordinate resolution, pulse width ~40 ns

Using 100 nA of 11-12 GeV positron beam in Hall B, or C, or D
U-boson search will cover mass range up to 100 MeV

The proposal for U-boson (A’) search will be on the list for PAC51 
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Internal report on U boson search, 
summer, 2006

U boson analyzed by P. Fayet, Phys. Lett. B 95, 285 (1980), Nucl. Phys. B 187184 (1981). 2/15/23 Positron Working Group 6
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Many, 108 -109 , pulses!

The charge is as with

0.1 µA x 10 seconds
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Why start the positron program with P3?

• It is a cost effective plan: 10M vs. 100M 
• It will be first time a cw positron beam
• It will have a tiny energy spread
• It will have 3.4 GeV energy (great for the TPE and the A’/X-17 boson)
• It will be in parallel to the electron beam 11 GeV program
• It could be delivered to the halls via the existing beam lines
• It has a clear prospect of reaching higher beam energy when ready (10 GeV)
• It needs a modest funding for the P3 stage
• It ought to be done when the opportunity exists

2/24/21 Positron-2021, B.Wojtsekhowski

A concept with the focus on staging of the project

• It is a cost effective plan: $10M vs. $100M 
• It will be first time a cw positron beam
• It will have a tiny energy spread
• It will have 3.4 GeV energy (great for the TPE and the A’/X-17 boson)
• It will be in parallel to the electron beam 11 GeV program
• It could be delivered to the halls via the existing beam lines
• It has a clear prospect of reaching higher beam energy when ready
• It needs a modest funding for the P3 stage
• It ought to be done when the opportunity exists
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Previous reports/proposals 
on U/A’ search with e+ beam  

• Searching for the dark matter U boson with a positron beam, at Mini-symposium on Identifying Dark 
Matter II: Axionic and Sterile Neutrino Dark Matter, DNP/APS meeting, Nashville, October 25–28, 2006. 

• JPOS 2009 - arXiv:96.5265
• SLAC, 2009 – option with SLAC damping ring
• Cornell, 2013 – BNP, VEPP-3, J. Instrum. 13 (02) (2018) P02021

• Cornell, 2013 – positrons for A’ search in CESR
• Positron source for solid state research, arXiv:1404.1534 arXiv404.1534
• Cornell, 2015 - Very Asymmetric Collider, NIM-A 1049 (2023) 168035 

• SLAC, 2016 – Cornell project MMAPS
SLAC 2009 => PADME now taking data with 50 Hz pulsed e+ beam

• JLab, 2021 3.5 GeV positron beam with extra arcs in “between” existing
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Positron beam with PRAD calorimeter in Hall B
No assumption about the A’ decay

B. Wojtsekhowski and A. Gasparian

1.1 kW
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Hall B 11 GeV 

Luminosity: 0.1 µA x 15 cm LH2 ~ 4 x 1035 cm-2/s

which is 400 times that of VEPP3,  ~ 106 of PADME,
~ 40 times that of Cornell’s

DAQ for clusters: 100 kHz of single high-energy hits

Hall B 2.2 GeV 

Positron beam with PRAD calorimeter in Hall B
No assumption about the A’ decay
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Self tagged photons for hadron physics
Positrons for the energy tagged photons

B. Wojtsekhowski and L. Pentchev
(Dated: November 29, 2022)

The annihilating photons produced by the positrons on the Be target have a large advantage in
counting rate relative to the tagged photon beam method. For example with the 5 µA positron
beam intensity, the gain is about 10+, considering that an intensity of 108 is the upper limit for the
tagged beam intensity. The annihilating photon energy could be accurately reconstructed using a
correlation of the photon energy and emission angle, which is obtained from the transverse coordinate
of the event vertex at the target.

I. MOTIVATION

The study of photo-production of the excited cc̄ and the recently discovered XYZ states [1, 2] with mass range 4-6
GeV presents an important field of hadron study which will became accessible at JLab with the positron beam. The
primary process for production a few GeV states will be photo-production of the hadron final state using photons
of known energy. For a traditional photon beam, the rate limitation comes from the flux of tagged photons due to
operation of the electron tagger on the level of 108 per second. The intensity is also very limited near the end-point.
We propose using positron annihilation in which the photon energy is correlated with its emission angle and could
be reconstructed from the transverse coordinate of the event vertex. The reaction for the two-photon final state is
shown in the left panel of Fig. 1.

Hydrogen target

Annihilation photonPositrons

8.7 cm Be target

FIG. 1.

II. ANGLE-ENERGY CORRELATION FOR THE ANNIHILATION PHOTONS

In the annihilation process the energy in the electron-positron cm. system is
p
2 ⇤me ⇤ Epositron and is about 140

MeV for a 22 GeV positron beam. The use of positrons for a photon source for nuclear physics experiments was
discussed in Ref. [3]. The resulting size of the photon cone is about 0.14/22 ⇠ 0.4 degrees. Using a 500 cm distance
between the annihilation target and physics target, the diameter of the photon beam could be estimated at 6 cm.
With achievable accuracy of the vertex coordinate of 0.6 mm, the projected photon energy accuracy is 1%. The
scheme of the layout is shown in the right panel of Fig. 1.

III. COUNTING RATE OF THE PHOTON BEAM

The energy in the center of mass system
p
s =

p
2m2 + 2E+m, where m is the electron mass and E+ the positron

energy, and the emission angle of the final photon ✓� with respect to the direction of the positron beam defines the
value of the photon energy E� . In the case of two-photon production: Elab

�(��) ⇡ E+(1 � cos ✓cm� )/2.

The total cross section of the process for E� > E+/2 is:

� =
⇡ r2e

2(E+/me)
· [ln 2 (E+/me)� 1] (1)

For a selected 500 cm distance between the Be (annihilation target) and LH2, where XYZ states will be produced,
the Be target length of 8.8 cm will be used (resulting in 0.5% contribution to the energy resolution).
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Intensity vs. photon energy
Access to the high mass states

10.2 10.4 10.6 10.8 11 11.2 11.4 11.6 11.8
, GeVgE

0
20
40
60
80

100
120
140
160
180
200

 y
ie

ld
/1

80
 M

eV
cc

Aµpositron beam 1 
AµGlueX 0.3 

Resonance production rate

(100 PAC days)

Total integral is larger by x10
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Self tagged photons - experiment layout

electron
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proton
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Annihilation photons for TCS

positron beam

15 cm 
Be target

brem. 
beam

CPS

photon

Advantage is large intensity near the end point
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Summary

• The productivity gain relative to the GlueX tagger vs. a 1 µA positron beam 
(ann. photons near the end point 10 (20)%) is 20 (10) times

• Special advantage for study of the XZ states, some accessible with 13 GeV

• Advantage for high sensitivity search of the narrow states 

• Positron is a bright plan for hadron physics at JLab
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