Development of a 150 MeV laser
plasma injector
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P lerre D ro b N |ak 1 developped in the frame of the ESCULAP project (NDelerue, K. Wang, JJenzeret al. ),used as a test cell [1] Laboratoire de Physique
[1] Baynard, E.et al. Status report of the ESCULAP project at Orsay: External injection of low energy electrons in a Plasmaluclear des 2 Infinis
Instruments and Methods in Physics Research Section A: Accelerators, Spectrometers, Detectors and Associated Equipof/6348 (2018).
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Development of a 150MeV Iaﬁasmé injector

N

1) First stage of an accelerator
(in our case an electron accelerator)

2) Technique used to

create the electron bunch
3) Average energy of

the bunch
O (r P60 wiwwowiob

May 19th 2022 PHENIICS Fest 2022 - Development of a 150 MeV laser-plasma injector



.® | FACULTE = oA
universite | pessciences Université
PARIS-SACLAY | D'ORSAY de Paris

[\PARE]

.ﬁ C 2. Why do we need accelerated elec
Lab

Iréne Joliot-Curie

Laboratoire de Physique
des 2 Infinis

« Some » examples

Tool for Applied Research

A Medecine
A Indirect use -> X-Ray source for radiotherapy in hospitals
A Direct use -> Flash Therapy with fs beams [2]

A Free electron laser development
A Indirect use as coherent X-Ray source [3]

Tool for Fundamental Research
A Particle physics
A Accelerator physics
A Driver for novel particle accelerators (e.g. Beam Driven Wakefield Acceleration [4])

[2] Moeckli R, Gongalves Jorge P, Grilj V, Oesterle R, Cherbuin N, Bourhis J, Vozenin MC, Germond JF, Bochud F, Bailat C. Corioniag of an ultra-high dose rate pulsed electron beam medical LINAC for FLASH RT preclinical
animal experiments and future clinical human protocols. Med Phys. 2021 Jun;48(6):31343142. doi: 10.1002/mp.14885. Epub 2021 Mayl4. PMID: 33866565.

[3] https://www.xfel.eu/
[4] https://home.cern/fr/science/awake
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0 > Photocathode

Conventional electron injection = use of photoelectric effect :

pulses
e Anode plate

((AY]
In our case: ionisation injection in a plasma using a laser source

Advantages:
A High accelerating gradients
~ 100 GV/m > 100 MV/m (Radio-frequency accelerators)

A Compactness of the device
Few millimeter < several meters (conventional LINACS)
-> reduction by a factor of 1 000 !
-> lower radio protection cost Example of laseplasma injection [6]

H 1 H [5] HernandezGarcia, Carlos, Patrick G. O Shea, and Marc
A Very S h O rt In tl me el eCtro ns b unc h es (h I g h p eak curren t) Stutzman. "Electron sources for accelerators." Physics tod:
61.2 (2008): 44.
[6] https://scx1.bcdn.net/csz/news/800a/2021/plasma
accelerationit.jpg
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Beam transport high quality 40 fs, 30TW,
-> multi-stage electron beam ~1.2J, 10 Hz
on target

Prototyping Accelerator based ohaser (from LaseriX
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Zone 1: laser autofocalisation +
plasma wave electrons from
Helium and 5 first levels of N2.

Between 1'and 2: injection of
the two last electrons of N2 in
the plasma wave

Zone 2: energy filter and

acceleration

PHENIICS Fest 2022 - Development of a 150 MeV laser-plasma injector



FACULTE

(™) 0 S
% CL b 5. Present setip yniversit | pes scinces ey
: ] ]

Iréne Joliot-Curie

Laboratoire de Physique
des 2 Infinis

iz

Gas1l Gas? Laser |

T

.-

s
- .
3

0
Py
s
.......
ws®
.
.

.
.s®
s

s
ws®
.
ws®
.
ws®
e
ws®
Py
ws®
.
ws®
ws®
.
ws®
.
ws®
.
we®
Py
ws®
Py
ws®
.
s ®

B
.s®
.
.
0
.
.
.

s
.t

.
o
Py
.

.....

Plasma cell Wavefront

Camera - cnsor

o
.
o
o
o
.
o
.
.
o
o
.
o
o
o
.
o
.
.
o
o
.
o
.

NZ plasma, at 20mbar, 60mJ, 40fs

May 10th2022 " PHENIICS Fest 2022 - Development of a 150 MeV laser-plasma iniep-




S .® | FACULTE ersits
wCL b 5. Present setip D el R
a - "

Iréne Joliot-Curie

Laboratoire de Physique LateSt Plasma
des 2 Infinis .
Cell design

S|

it

A\

.
— ] —_— \ ------
——

— E S Y

|

----- . l == TN
TVE i é,%l | T TR
L ————— LA
» ¢ »

& N\ S]]

=Y AW —— = \ Jll
\{\\\\\\\\\\'
|

Two-gas prototype

Gas1l Gas? Laser

| >0 > )

Actual cell zoomed in

May 19th 2022 PHENIICS Fest 2022 - Development of a 150 MeV laser-plasma injector



.® | FACULTE 5 oA
universiteé | pes sciences Université
PARIS-SACLAY | D'ORSAY de Paris

[\PARE]

q'b J C.h 5. Present setip

irane Joliot-CUria . -,

Laboratoire de Physique Setu p SCh eme

des 2 Infinis

Plasma inducedphase shift in
the diagnostic beam wave front

(. y) =0/ cf(1=\1=n,(x,y)/ n(w))di

¢ |

> .
Pump beam Reconstruction of the absolute

LaseriX input beam, i i
Plasma cell phase shift (Abel inversion)

60mJ, 45fs, 10Hz

Diagnostic beam

delay line

---------- O(x,r) ==V m[Eap(x.y)/ dy- (y*=r?)V2dy
Dichroic mirror for

Reconstruction of the
. lasma densit
dopant localization P y

ne(x,r)=n(wf{1-[1-c/w-®(x,r)]*}

! [8]:
+ spectral filter Wave frONt R v i vy S
centred on N2 J.,Shiraishi S., Lin, C., ... &eemans W. P. (2010) Wavefront-
emission lines sSensor sensor-based electron density measurementsfor laser-plasma

accelerators Reviewof Scientific Instruments 81(3), 033108.
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Theoretical profile and PIC Experimental qualification
simulated laser variation on test bench
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[9] https://smileipic.github.io/Smilei/
[10] https://www.openfoam.com/

Smilei) Energy [MeV]

Cell design
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