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Horizon 2020
WP7

WP7: High Energy Physics and other Pilot

Applications
CNRS – UOXF – DESY

Task 7.1 Coordination and Communication (CNRS, UOXF).

Task 7.2 Identification of pilot applications for LWFA electron beams 
(CNRS, UOXF, DESY).

Task 7.3 Specification of electron beam parameters for selected pilot 
applications (CNRS, UOXF).

Task 7.4 Beam Line conceptual design (CNRS, UOXF, DESY).

Task 7.5 User experimental area conceptual design (CNRS, UOXF, 
DESY).
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Horizon 2020
Pilot applications other than FEL

The EuroNNAC and EuPRAXIA Workshop on Pilot Applications took 
place between 11th and 13th of October 2016 at Ecole polytechnique, 
Palaiseau France. 

There were 22 presentations in 6 sessions and more than half of the 
time in each session was dedicated on discussions. The requirements 
in terms of beam parameters and infrastructure were defined.  
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Horizon 2020
WP7 electron beams 

It has been proposed to have 3 electron beams:

1. Large electric charge bunches  ̴1 nC:

Representative application examples: betatron radiation X-rays 
imaging and positron source; proximal applications requiring access 
very close to the plasma source.  

2. Very small electric charge bunches; 1 to 1000 electrons:

Representative application example: HEP test beams. 

3. Low energy spread;   below 2 %: 

Representative application example: Inverse Compton Scattering 
gamma source.
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b) phase contrasta) absorption

DiMichiel et al Proceedings of MASR1997

Credit: A. Olivo



Horizon 2020
Betatron X-ray imaging
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Credit: Z. Najmudin



Horizon 2020
Betatron broadband X-rays

Current state: 
Images of insects and human samples in 2D and 3D.

Parameters: spot size 3-30 µm, critical energies 2-33 keV, photon flux 
10⁷ - 10⁹ per shot with angular divergence of about 10 mrad.

Required for medical applications in vivo:
X-rays delivered in about 1 s and with precisely predicted integrated 
radiation dose → high rep rate (at least 100 Hz) preferred. 

Imaging normally requires a field view of at least 10 cm x 10 cm and 
about 10⁶ - 10⁸ photons/mm^2. This is not currently available. 

High charge, long accelerator, high rep rate would help. 

High X-ray energies  ̴ 100 keV desired, more applications and smaller 
radiation dose. 

Off-axis electron injection and, in general, good beam control is 
desired. 

Roman Walczak, EuPRAXIA, 20 – 24 November 2017 7



Horizon 2020
Positrons
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Horizon 2020
Positrons

1. High energy positron beam; colliders. 

2. Low energy positron beam; radiography/spectroscopy for material 
science. 

3. Electron – positron plasma; astrophysics in a lab.

1 and 3 require large electron bunch charge and high electron energy: 
1 nC @ 5 GeV if possible. 

For 2, the bunch charge can be smaller in comparison to 1 and 3. 

Other parameters: energy spread  ̴ 10%, energy fluctuations  ̴ 10% 
shot-to-shot, beam diameter  ̴ 100 µm, beam divergence 1 to 5 mrad.

For 1, space for potential further developments such as second stage 
acceleration/deceleration, cooling etc. 
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Horizon 2020
HEP test beams
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Horizon 2020
HEP test beams

Specific requirements:
1 to 1000 electrons per bunch; perfectly measured number of 
electrons.

Beam diameter 1 cm to 1 m. 

Beam divergence 1 to 100 mrad. 

Potential users are also requesting, in addition if possible, muon beam 
→ in high charge beam line?

Needed space plus infrastructure (a crane etc) for tested HEP detectors 

which might weigh tons and have space dimensions in meters. 
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Horizon 2020
Inverse Compton Scattering
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Horizon 2020
Inverse Compton Source

Current state: 
LWFA based narrowband X- ray radiation has been demonstrated. 
Imaging is expected to be demonstrated soon. 

Parameters: spot sizes 3 – 20 µm, X- ray energies 0.4 keV – 18 MeV 
and photon flux 10⁴ - 10⁸ per shot with angular divergence  ̴ 10 mrad.

Requires very good quality electron (and laser) beam focused into 
small spot and well controlled; very good overlap of  the electron and 
laser beam in 3D for stable operation. 
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Horizon 2020
WP7 – possible layout
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kHz injector 
to serve all 
accelerators 
working in 
parallel? 



Horizon 2020
WP7 – possible layout
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Horizon 2020
General remarks

1. Why ideas of EuPRAXIA buildings are like this
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and not like this?

Users need space!

Can more than one electron beam be available 
at the same time? We hope so. Shielding?



Horizon 2020
General remarks

2. Do we want to consider LWFA electron beams in 
linear/quasi-linear regime?

See talk given by D. Gordon at EAAC 18: 

NO DATA

3. Can we think about EuPRAXIA as being a project 
which will have life beyond its first realization? Can we 
have an additional laser which will become a prototype 
of a next stage (kHz?) EuPRAXIA? Or kHz LPI now?

Can we start considering MP-LWFA? Or options such as 
positron acceleration and cooling. 
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Horizon 2020
Summary

1. We need to discuss, in particular with WP2, WP3, 
WP4 and WP5, parameters of our requested 3 electron 
beams. 

2. How far do we go with a positron source? 

A session is scheduled to discuss 1 & 2 on Tuesday 
16:30 to 17:30; all are invited.

PLEASE don’t say that in EuPRAXIA we plan to have one 
high quality beam to drive FEL and 3 crap beams for 
everything else. 

The 3 beams are also high quality but in a different way. 

Roman Walczak, EuPRAXIA, Lisbon 20 – 24 November 2017 18


