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EuAPS: EuPRAXIA Advanced Photon Sources project

» Supported by PNRR fundings

» Collaboration among INFN, CNR, University of Tor Vergata
TOR VERGATA

UNIVERSITA DEGLI STUDI DI ROMA

Roma Tor
Vergata

?

> Milestone of the EUPRAXIA project

Catania
- Laser-driven X-ray betatron radiation source @INFN-LNF EUAPS@LNF - ‘
- High power laser @INFN-LNS INFN-LNF Plasma Source
INFN-LNF Synchronization
1 1 ' ) INFN-Mi Simulation & Data Analysis
v -’ o’ > A >
( Commissioningof Y[ Interaction ) [ Pilot experiment \ { ) CNR-Potenza Photon Diagnostics
the beamline CharaCt.er'.zat'.on (xpCl) Other applications Tor Vergata Coordination & End User
and optimization .
March 26 April 26 May 26 Station
. J \\ J \_ J \_ J CNR-Montelibretti Photon Time Diagnostics
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* Laser-plasma accelerators :

European XFEL facility in Hamburg

* Conventional accelerators:

RF cavities Section of RE cavity © . Compact alternative
Tens of m to km range Plasma as an accelerating structure
Accelerating gradient limited to < 100 MV/m: Linear accelerator based on TW/PW laser

electric discharges in metallic structures system

Radiation sources Accelerating gradient > 100 GV/m

Radiation sources

F. Stocchi Convegno Nazionale: Quinta Giornata Acceleratori
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What we need:
High-power laser: I > 10W /cm? and pulse duration ~ fs Plasma channel

from a gas jet
Gas jet (He, N,, Ar)

When a boat travels through water it produces a wave behind it: a ‘wake’
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What we need:
High-power laser: I > 10W /cm? and pulse duration ~ fs Plasma channel

from a gas jet
Gas jet (He, N,, Ar)

Accelerated particle beam: witness

When a boat travels through water it produces a wave behind it: a ‘wake’
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Witness
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n,=10"cm™ = A, = 300 um ©
€ >
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o) ® © Courtesy of G. Parise

Ey= 10 GV/m with n,=10% cm

Rousse, A. et al. Phys. Rev. Lett. 93 (2004)

F. Stocchi

» The laser beam is focused on a gas jet - plasma channel

» It travels through the plasma and pushes e~ away ( the heavier
ions are left behind) - charge separation

» Plasma wave: an electron plasma oscillation

NeC?

W =
p Mme€g

» If the drive beam is strong enough, then it completely expels all
the e~ - blow-out or bubble regime - strong electric field

E, [K] ~ 964/n,(cm=3)

Convegno Nazionale: Quinta Giornata Acceleratori
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® © ® » Plasma electrons from back of the bubble can be self-injected
- ® o © & (strong and non-linear regime) into this region
O] ® o™ s o :
o : © ® » Longitudinal electric field — acceleration along the laser
R propagation axis
lﬁ‘éfé‘s‘“g
» Radial electric field — oscillations in the plasma channel around
Accelerating : the reference trajectory
—_—

Wakefield wp

Ner;
Neutral
©

- Plasma A B — /Zy Ap
n,=10"%cm™ = A =300 um S ©

€ » Emission of synchrotron-like radiation: Betatron radiation

Witness (Uﬁ —

o) ® © Courtesy of G. Parise
Ey= 10 GV/m with n,=10% cm

Laser wakefield accelerator as an X-ray source
Rousse, A. et al. Phys. Rev. Lett. 93 (2004)
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X-ray betatron radiation

- Broad energy spectrum from soft to hard X-rays

- 7 . E,xy3
- Critical energy of some keV : E. < y4 n, - Tens of hundreds of microns
source size

- High peak brilliance

dN,
0.1% BW - s -mm? - mrad?

Bg ~ 1020 -

/ Synchrotrons \

Broad energy spectrum

« 10s of ps bunch length
High peak brilliance

dny

Bsync ~ 10%%-

0.1% BW-s-mm?2-mrad?
© Npp X N NgK — 10 photons/pulse with  betatron /
strength parameter K yfi:fy / FELs \
- fs bunch length x - Monochromatic radiation
- Micron source size : 2 - fs bunch length
. Spatially coherent x.,,),: - Spatially coherent
Betatron

orbit Electron

Corde, S. et al. Rev. Mod. Phys. 85 (2013
F. Stocchi

k' High peak brilliance

Convegno Nazionale: Quinta Giornata Acceleratori
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SPARC_LAB facility

FLAME laser

SPARC bunker

M. Ferrario, et al. NIM B 309 (2013), 183-188
R. Pompili, et al. Submitted PRAB

F. Stocchi Convegno Nazionale: Quinta Giornata Acceleratori
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SPARC_LAB facility

EuAPS beamline

SPARC bunker

M. Ferrario, et al. NIM B 309 (2013), 183-188
R. Pompili, et al. Submitted PRAB
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Guiding

CONTROL ROOM Experimental
Measurement area TW Experimental
OPN©; Target area _ . ’
2 ? Ti:Sa FLAME laser system
GEM AREA TET AREA
@) OO
N Parameter Value
HIGH
POWER
o Laser power 200 TW
CLEAN ROOM
STRETCHER 3 Laser energy 6 J
Wavelength 800 nm
W Pulse duration 30 fs
112 BN 314
o Focal spot (FWHM)  ~10 um

M. Galletti, F. Stocchi, et al. Appl.Sci (2024), 14, 8619
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Parabolic mirror chamber:
* Laser focusing

Courtesy of S. Lauciani

Main laser beam

Interaction chamber:

e Laser interaction with the gas (He, N, Ar)
e X-ray betatron radiation generation

* LWFA diagnostics

Top view

User chamber
* Photon science experiments

F. Stocchi Convegno Nazionale: Quinta Giornata Acceleratori
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Expected parameters

Parameter Value m

Photon Critical Energy 1-10 keV
Pulse duration 10-50 fs
Number of Photons/pulse 107-10°

Repetition rate 1 Hz
Beam divergence 3-20 mrad
Electron Beam Energy 100-500 MeV
Plasma Density 1017-10%° cm3

F. Stocchi Convegno Nazionale:

108 1 Betatron radiation spectrum

Synchrotron fit 4 keV
Exp data

Critical Energy: 8.7 KeV

Total Photon Number: 1.4x10 8

Total Pulse Energy: 136 nJ

Photon Number on Detector: 3.2x10*
Pulse Energy on Detector: 30.2 pJ

5 10 15 20 25
E [keV]

total energy over 1 keV x1013

0.02 3.0
0.01
°
0.00 1509,
slig
1.0
-0.01
0.5
-0.02 0.0

0.00 0.02
6 [rad]

Simulation of a radiation spot
by A. Frazzitta

[sr1]
o [l (%) w ey (%] [=)] =J
o o o
N o [=2]

Photons [a.u.]

a2
dEdQ

6y [rad]

[mrad]

-0.02

M. Galletti, et al. Appl.Sci 14, (2024), 8619
A. Curcio, et al. Nucl. Instr. Meth. Phys. Res. B, 42 (2017)
A. Curcio, et al. Phys. Rev. Accel. Beams, 20, (2017)

Quinta Giornata Acceleratori
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Structure with 3 units of 1m length

Vacuum level down to 107 mbar

Each unit has different flanges for coupling with an external laser pulse and for
the installation of other diagnostics

X-ray CCD Camera : imaging array 2048 x 2048, 15 x 15 um? pixel size, it’s placed
on a linear stage

1dan

Sample holder: a hexapod (3) for a sample placement precision around £0.05 um
and £20 mdeg, Z and XY linear stages (4,5)

F. Stocchi Convegno Nazionale: Quinta Giornata Acceleratori

F. Galdenzi, et al. Condens. Matter 9, 30, (2024)
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Photon Science @ EUAPS in a nutshell stellato, F, et al. Condens. Matter (2022), 7, 23. Phase Contrast Imaging
B 13 shots

Possible applications

o Static and time-resolved imaging (e.g. tissues,
plants, cultural heritage)
o Static X-ray absorption spectroscopy

o Static X-ray emission spectroscopy

Relative
intensity

o Time-resolved pump-probe X-ray

o4 Contrast 68%

40 60 80 100
Position (pixel)

absorption/emission spectroscopy

(e.g. Femtochemistry of organometallic complexes) S. Fourmaux, et al. "Single shot

phase contrast imaging using laser-
produced Betatron x-ray beams,"
Opt. Lett. 36, 2426-2428 (2011)

Wenz et al. Quantitative X-ray phase-contrast
microtomography from a compact laser-driven
Courtesy of F. Stellato betatron source. Nat Commun 6, 7568 (2015).
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Thank you for your attention

Federica Stocchi

federica.stocchi@Inf.infn.it

TOR VERGATA @

UNIVERSITA DEGLI STUDI DI ROMA Consiglio Nazionale
delle Ricerche

<R

Istituto Nazionale di Fisica Nucleare
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Backup slides
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System magnification: 2.7

Maximum resolution: 19 um

Contrast 55%

10 1

09 4

08 1

071

06 1

051

04 1

)

Normalized intensity [a.u.]
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Laser focal spot

€))

Plasma density map

1
“" 72 45 1 05 0 05 1
L

0.4 0.6 0.8 1 1.2 1.4

%x10'®

Interferometry result for electron plasma density
measurements with a value of ne ~ 1.4 x 10019 cm-3

um

o . - for the electron plasma density
(a) Laser focal spot at low energy, (b) interferogram without
plasma’ (C) plasma Cha N nel Electron beam profile 200 Electron beam charge Electron energy spectrum
220 A
60 175 0.6 A
210 A
40 150 05
20 g 1 g 0.4 1
"é 0 100 ga 190 %: .
-20 ” 180 z
s “ 0z
40
25 Yo 01 A
—60
N ’ ° 2 "iushm 0 e 150 200 250 300 350 400 450 500

Energy [MaV]

Electron beam profile with ~ 35 mrad FWHM divergence, charge measurement plot for different
shots and, an electron energy spectrum

F. Stocchi Convegno Nazionale: Quinta Giornata Acceleratori
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