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Pushing further
the intensity frontier of polarized electron sources, 

the intensity frontier of low energy polarized positron sources,
and the precision frontier of electron polarimetry.  

P3E-1: High Intensity Polarized Electron Source

P3E-2: High Intensity Polarized Positron Source

P3E-3: High Precision Electron Polarimetry

Participating institutions : IJCLab, JGU, JLab, UH
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- No deliverable over the Reporting Period
- MS75 completed
- Good progress towards MS76 

High Intensity Polarized Electron Source

MS75

MS76

Completed
• Modelling and simulation of ion-bombardment

In progress
• Comparison of simulations and experiments



STRONG-2020 Annual Meeting, November 8-9, 2021

Publication
- JACoW, IPAC 2021

Invited presentation at the
- 2021 International Accelerator Particle

Conference

PhD Research of J. Yoskowitz (JLab/ODU)
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o A new custom software was developed in the General Particle Tracer (GPT) 
framework to simulate electron-impact ionization of residual vacuum gasses 
and then track the secondary particles (ions, electrons) dynamics.
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PhD Research of J. Yoskowitz (JLab/ODU)

Publication
- JACoW, IPAC 2021

Invited presentation at the
- 2021 International Accelerator Particle

Conference

Red circle: Photocathode active area (5 mm diameter)
Green circle: 1st laser spot (2 mm FWHM)
Cyan circle: 2nd laser spot (2 mm FWHM)

o The reduction of the quantum efficiency (QE) of the CEBAF photocathode 
during a 3-month run period, has been measured relatively to the location 
of the beam production point (laser spots).

o The simulation of the energy deposit by the back-bombardment of ions 
created within the anode-cathode gap, closely resembles the measured 
damage pattern.
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High Intensity Polarized Positron Source

MS77

MS78

MS77

MS78

MS77

MS78

- No deliverable over the Reporting Period
- Good progress towards MS77 and MS78  

Completed
• Optimization of positron production
• Characterization of target production constraints

In progress
• Conceptual design of a high power positron production target
• Conceptual design of a low energy polarized positron source
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PhD Research of S. Habet (IJCLab/JLab)

The parameters of interest are the efficiency (e), the average polarization (<Pz>), 
the Figure-of-Merit (FoM), and the positron momentum at maximum. 

Dq = 60°
Dq = 10°
Dq = 4°

• The optimum thickness of the positron 
production target is sensitive to the 
angular acceptance for positrons.

• The optimum thicknesses of  unpolarized 
and polarized positron production are 
different.

Technical Note in preparation

• Positron source performances strongly depends on the angular and 
momentum acceptances of the positron collection system.

T- = 120 MeV   
tW = 4 mm
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A. Ushakov (IJCLab/STRONG-2020)

P3E Team (DESY/IJCLab/JGU/JLab/UH)

Towards a 
Conceptual Target Design…

A 1 mA electron beam of 120 MeV deposes an average 
17 kW power inside a 4 mm W target.

o The concept of a rotating positron production target has been characterized 
in terms of: the Peak Energy Deposited Density (PEDD), temperature rise, 
and radiation damage.

• A rotation speed of 5 (23) m/s is required for operation 
with a 1.50 (0.15) mm beam spot.

• A 15 cm diameter target would allow 5000 h operation 
without target change.

Invited presentation at the
- 2021 French-Ukrainian Workshop
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Publication
- Bachelor Thesis of T.  Lengler

Invited presentation at the
- 2021 ILCX Workshop on Potential

Experiment

T. Lengler (UH/Hereon)

P3E Team (DESY/Hereon/IJCLab/JGU/
JLab/UH)

o Ti-6Al-4V alloy targets have been irradiated with a 3.5 MeV electron beam at 
MAMI, under PEDD and thermal load conditions similar to ILC expectations.

o Structural damages are characterized with the HEMS beam line at PETRA III 
using a 87.1 keV photon beam.

☛ Our goal is to perform similar measurements with 120 MeV electrons, using  
different target materials (pure W, alloys) under exposure conditions similar 
to JLab expectations. 
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Invited presentation at the
- 2021 International Spin Symposium

Target
Conical Solenoid
Solenoid
Quadrupole

Dipole
Collimator/dump
RF Cavity

Conceptual Design Report planned for late 2022

o A new software has been developed to allow for the tracking of the spin of 
particles within the GPT framework.

o GPT is combined with a Multi-Objective Genetic Global Optimizer to obtain
the best performances of a polarized positron source suitable for CEBAF.

P3E Team (IJCLab/JLab)
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e+@JLab

• The e+@JLab EPJ A Topical Issue comprises 20 contributions from a 
community of 230 physicists from 75 institutions and addresses the 
importance of positron beams for:

ü Two-photon effects in elastic scattering
ü Radiative effects in elastic scattering
ü The charge radius of the proton
ü The Parton Distributions
ü The Generalized Parton Distributions
ü Electroweak couplings
ü The search for light dark matter particles
ü Charged lepton-flavor violation 

Publications
- An experimental program with positron 
beams at Jefferson Lab, EPJ A Topical
Issue (2021)

Invited presentations at the
- Center for Nuclear Femtography
- Meeting of the GDR-QCD/WG1
- Annual meeting of the Jefferson Lab

User Organization

The investigation of the experimental physics program of positron beams at 
Jefferson Lab is developing further the e+@JLab White Paper, with new PAC 
proposals and a dedicated Topical Issue of the European Physics Journal A.
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High Precision Electron Polarimetry

MS79

- No deliverable over the Reporting Period
- MS79 completed

Completed
• GEANT4 modelling of the polarimeter

In progress
• Development of HV-MAPS pixel detectors
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The Hydro-Møller
Polarimeter

P3E-3 concerns 
the development of the detection system

o The P2 experiment at MESA  asks for new polarimetry techniques capable to 
operate within high beam current environment and to achieve very small 
systematic uncertainties (0.1%).

☛ Measurement of the double spin asymmetry of the Møller scattering of a 
polarized electron beam off polarized electrons. 

• Trap and polarize atomic hydrogen in solenoidal high-field at 0.3 K.

• Requires dilution cryostat (under construction at Mainz).

•Magnetic chicane to separate Møller electrons from beam.

• Detect scattered and recoil electrons in coincidence.

P3E Team (JGU)
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Polarimeter Simulation

o The GEANT4 modelling of the polarimeter is used for optimizing magnets 
and apertures and identifying the best possible detector technology.

P3E Team (JGU and R. Beminiwhatta, 
S. Riordan, M. Kravchenko, K. Kumar, 
V. Tyukin)
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HV-MAPS  Pixel Detectors

• Full size (2x2 cm2) sensors available.

• Extensive beam tests at DESY, PSI and MAMI.

• Promising results, issues identified and fixes 
available.

• First detector assembly operated in Mu3e 
integration run 2021.

• Submission of a fully integrable production version 
still in 2021.

P3E Team (JGU)
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Summary
Scientific Objectives
o JRA13 is on track to deliver its committed objectives.

o Positron production target activities (P3E-2.2) suffered delays from the pandemic, but are now 
progressing smoothly.

Funding adjustments
o Part of the IJCLab funding (14.4 k€ / 20 k€) has been redirected from Travel to Personnel for 

hiring Dr. A. Ushakov.

o UH and IJCLab may consider the transfer of UH Personnel funding (40 k€) to IJCLab for the 
extension of Dr. A. Ushakov contract, with no impact on P3E scientific goals nor the UH 
commitment within P3E.  


