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Introduction

Eupraxia
* First plasma accelerator based user facility
EUAPS

* EuPRAXIA Advanced Photon Sources project
e Collaboration

* INFN

* CNR

e University of Tor Vergata
Objective: development a compact photon
sources to drive plasma accelerators and the

setup of ultra-compact, high performing X ray

and particle sources for users
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@  Excellence Center

Second site will be decided in Preparatory
Phase project.

Excellence centers (EC) per/arm technical
and c
construction. Number of EC’s, locations,
roles, responsibilities reviewed in Prep.
Phase.
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Why Betatron Radiation?
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Plasma acceleration
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Plasma acceleration
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Plasma acceleration

Laser/Electron
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Strong longitudinal and transverse force

Electron Oscillation in plasma bubble

lon cavity

Se lf injeCtion Lon cavity

X-ray emissiol Laser pulse

Strong longitudinal and transverse force
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F.Albert et al. “Laser wakefield accelerator based light sources: Potential applications and Requirements “, Plasma Phys. Control. Fusion

Betatron radiation

Laser pulse
Trapped electron /

collimated beam of X-ray
spatially coherent

time duration in the
femtosecond range

/ , energy in the keV range
Electron sheath lon bubble = Betatron x-ray beam

10-20 micrometers

Lorentz factor

~
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The period and amplitude of
betatron oscillations stabilize

| I ' ' near the maximum energy gain
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https://en.wikipedia.org/wiki/Li%C3%A9nard%E2%80%93Wiechert_potential

Strength parameter K
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Irradiated spectrum
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Irradiated spectrum
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https://en.wikipedia.org/wiki/Li%C3%A9nard%E2%80%93Wiechert_potential

Asymptotic limit spectrum
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How does the spectrum change for:

pifferent energies Sum of contribution

Sum of contribution

Ec = critical energy

The radiation at the detector is the
sum of different contribution:

e Radiation of Electron with
different energies

e Radiation of electron with
different amplitude of oscillation



Study of the spectra

(no asymptotic limit)
Different radius

Sum of contribution

Sum of contribution
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Particle in cell simulations

Simulations model the interaction between charged particles and electromagnetic fields, commonly used in plasma
physics and accelerator studies
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Initialization of laser parameters
Initialization of simulation box parameters
Initialization of initial particle parameters

Parameter Value
Nz 1024
zZmax 80 pm
Parameter | Value — 40 pm
ao 1.6 Nr 256
Wo 24.2 pm rmax 60 pm
T 26 fs Nm 2
20 15 pm dt (zmaz — zmin)/Nz/c




FBPIC-simulation

Electron density evolution: Bubble formation — Self-injection — electron oscillation - recombination

rho in the mode all at 0.00e+00 s (iteration 015 5
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Result of simulations
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Experimental campain:
LWFA experiment and characterization of betatron radiation

Phase Contrast Imaging

Laser Gasjel  Dipole Sample
Density o Electon Radiation
characterization characterizations characterization

I EUV range
. Monochormator
Dipole-lanex
calibration I
X-ray range

Single photon counitng
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Experimental campaign
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Laser wavelength 800 nm
wo 21.3+£ 0.3 pm
ZR 1.8+ 0.1mm
27+ 1fs
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Iy (1.940.4) x 10" W/cm?
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Parameter of the experiment

Laser wavelength 800 nm
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Vacuum chamber of the experiment

“ " Parameter of the experiment
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Electron spotsize measurements

Measurements
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Lanex screen
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Data
Shot n. | 6, mrad | 6, mrad | o, mrad | o, mrad f = A/ 93_ + Ig;’"; = 4/ gﬁ"lg + 82 = 12.52mrad
Shot 1 | 14.000 | 7.200 7.000 3.600 ’
Shot 2 | 10.360 | 9.400 5.180 4.700 1
Shot 3 | 12.180 | 7.400 6.090 3.700
Shot 4 | 10.660 | 6.200 5.330 3.100 K — Bry k 5
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6
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Electron energy measurements
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Spectra reconstruction

Using: Grazing Incidence Monochromator Using: Single photon counting

Measurements of EUV spectrum Measurements of X ray spectrum
é 800
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Single photon counting
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X-ray CCD chip

Two sources were used:

Fe55 and Cu

I the CCD camera.

Photons directly hit

The number of photons must be
very low, and the pixels that will
be hit will have a very low
density

FWHML: 38.92
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Calibration curve for the CCD
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Spectra reconstruction

Plasma -} Gratmg -}Alfllter = CCD Plasma -} Alfilter =» CCD

EUV spectrum X ray spectrum
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Spectra reconstruction EUV + X

- Merging of the two part of the spectra
using the asymptotic equation

" d?T 3e2

o 242342
dwd?, _N627r3soc’} CK/s(<)
=0

Possible errors in the evaluation of the

L ! ! — wvdata energy, the amplitude of oscillation or
’ i | —— X-ray data . .
i | — Bessel in the deconvolution
} H Error Band {£20 MeV)
1.0 4 + : Error Band (£0.2 um)
= ! —-- LkeV
208 | ; e Parameter value
g i | Me 4 x 10" e
g os : i ~ 364.19
E : ; f 12.52 mrad
- o i : e (1858 pm
. : i E 1586.59 4+ 20 MeV
| oE 99.08 £ MeV
0.0- | i E. 2.3 keV
| .
1 3

4 5 6 7 8
Energy (keV)



X-Ray phase contrast imaging
(X PC I ) Propagation-Based
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Conclusion

* Introduced the EUAPS project, outlining its objectives and significance.

* Provided an overview of the Laser Wakefield Acceleration (LWFA)
theory.

* Explored the theory of betatron radiation, emphasizing key parameters
such as electron density, electron energy, and oscillation radius, which
define the betatron strength parameter.

* Analyzed how variations in electron energy and oscillation amplitude
iInfluence the shape of the radiation spectra.

* Presented simulations conducted with FBPIC and Synchrad.

* Described the experimental setup and results from the CLPU facility in
Spain.
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