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Plan of Talk

 Photons from Positron Annihilation: History

 Formalism and key features of annihilation cross section 

 Estimates of annihilation photon yields for Jlab 

 Possible experiments with monoenergetic photons

 Summary and Conclusions



High-Energy Photons at JLab

 Hall D – GlueX, coherent bremsstrahlung 

(in a diamond crystal),

the spectrum is peaked around 8.5-9GeV

(for 12 GeV electron beam)

 CLAS, CLAS12: tagged photons, forward tagger (FT)



Positron Annihilation in Flight

2→+ −+ ee

•Used starting 60s to study photonuclear reactions (LLNL, Saclay) and nucleon 

resonances (Saclay, Frascati)

•Used positron beam incident on a foil: electrons (almost) at rest

•Cross section =0.4 10-25 cm2 (Elab=10 MeV)

•Issue at lower energies: bremsstrahlung tail

•Sample studies for MeV energies: 

Afanasev et al, Proceedings of IPAC’10, Kyoto, Japan,

FERMILAB-CONF-10-691-APC



History



History



CEBAF Summer Workshop (1985)



Schematics of annihilation photon 

source

 From Dietrich, Berman,  Atlas of Photonuclear Cross Sections Obtained with 

Monoenergetic Photons,  Atomic Data and Nuclear Data Tables, 1988



Operational Photon Sources from 

Annihilation

Discussed for CEBAF:

Tamas and Berman, Positrons at CEBAF!, 

Positron Working Group Report, 

Proc. CEBAF Summer Workshop (1995), 

p.462.

Saclay

Livermore



Annihilation: Basic Formalism
Berestetsky, Lifshitz, Pitaevsky, “Quantum Electrodynamics”, (2nd ed. ISBN 0750633719)



Total Cross Section
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Angular distribution in c.m.s.
 Evaluate angular distribution of produced photons in cms. The results for cross section 

multiplied by the relative velocity (see below) are shown in the below plot as a function of the 

invariant τ. As the relative velocity is increasing, the cross section becomes more suppressed 

at large angles with respect to the collision axis z.  The limit of zero relative velocity is 

spherically symmetric, shown in the below plot by a green sphere, while magenta plots show 

angular distributions of produced photons at different values of invariant τ

 Differential cross section at zero 

     angle remains constant with energy

 For Ep=12 GeV positrons on an electron 

at rest: τ=5x104, high-energy photons are

emitted within angular range ~me/Ep

𝑣𝑟𝑒𝑙
𝑑𝜎

𝑑𝛺𝑐𝑚
(𝜃, 𝜙)



Annihilation in Lab Frame



Annihilation in Lab: Numerical 

Examples

Cross section is infinite for vrel=0, but the product vrelσγ (normalized rate) is finite



Positron Beam on Fixed-Target 

Electrons



Annihilation vs Bremsstrahlung at 

12 GeV CEBAF

Bremsstrahlung Annihilation

Calculated by Eric Voutier (2/2025)



Rate estimates
Fixed-target converter.  The rate of high-energy photon production is Rate=L·σan , where luminosity L is given by:

L=rp ρe h,

where rp is a number of incident positrons per unit time, ρe is the volume density of target electrons, and h is target 
thickness. 
Diamond converter: ρe =1.06 x 1024 e-/cm3 , h=20um, ρeh=2.12x1021 e/cm2

Positron current Ipos=100nA, rp= Ipos/1.6x10-19=6.25x1011e+/s
Luminosity L=1.33x1033 cm-2 s-1.
Cross section of electron-positron annihilation at 12 GeV σan =1.03x10-28 cm2=10-4 barn
High-energy photon generation rate= L·σan =1.4x105 photons/s;
Collimation to select the energy range of 0.05 MeV below maximum leaves 2500 photons/s



Summary

 Estimated 12GeV photon rates of the order 105 Hz at 100nA 

and 20um diamond converter

 Collimation to suppress bremsstrahlung leads to reduction of 

rate

 Polarization:

✓     No linear polarization

✓     Circular polarization of annihilation photons matches 

longitudinal polarization of incident positrons

 Further simulations will define photon beam properties under 

collimation

 Use of low-Z materials (e.g. LiH) may reduce brem background



Physics Opportunities

 Reactions that require high-energy photons

    Exclusive

 Meson Spectroscopy

 Baryon Spectroscopy

   Deep-Exclusive

 Time-like DVCS

 Wide-angle Compton Scattering and meson production

 J/ ψ production

 Inclusive

 High-pT photoproduction of mesons in QCD

 Beyond the Standard Model (probing narrow states) 



Conclusions

 Availability of the positron beam at CEBAF makes 

possible a quasi-monochromatic source of photons that 

match the positron beam energy with a width of about 

several MeV

 More detailed simulations are in order 

 Key physics experiments that require monochromatic 

photons at highest available energies should be identified
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