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Introduction

Towards laser plasma acceleration based Free Electron Lasers

Motivation : Exploit the present laser plasma acceleration performance for undulator
radiation and a Free Electron Laser applications
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Introduction

Undulator radiation
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Introduction

Free Electron Laser
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Introduction

Undulator radiation and FEL requirements

In transverse (transverse sizes and divergences) In longitudinal (energy spread and bunch length)
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Introduction

COXINEL : a test experiment towards a LWFA FEL amplification

strong focusing
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Parameters Source

Energy (MeV) 180
Charge [pC] 34
Divergence [mrad] 1
Beam size [pm)] 1
Normalized emittance [m.mm.mrad] 1
Relative energy spread [%] 1
Bunch length (pm) 1
Peak current [kA] 4

decompression (| % -> 0.1 %, 2 fs -> 20 fs
before the chlcane 2 2 kA 4 fs RMS)
3

dafter the chicane (180A, 40 fs
AEE (%)
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250 (ue)
start : 400 MeV, | pm, 1.25 mrad, | %, 2 fs RMS, 20 pC
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s JLmexs I- COXINEL components

The laser and electron source
Responsability Laboratoire d’Optique Appliquee (LOA),
S. Corde, C.Thaury

P
Ca

Laser 2 x 60 TW of LOA, used for 3 different fields

Laser Characteristics:

Ti:Sa (800 nm)

Pulse Duration = 30 fs
Energy = 1.2-1.5 ] on target

L007 I

42,30 me2

COULOIR 0.0.1

lonization injection
S e [ o W@QLIFLDI&DOB o Robustness
High charge
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lI- COXINEL components

Permanent magnet quadrupole with variable gradient for

the LPA beam divergence handling _=— /m
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QUAPEVA [:+102.8 T/m , QUAPEVA 2: —101.2 T/m, QUAPEVA 3: +88.17 T/m

Patent :

- « Multi-péle magnétique réglable », C. Benabderrahmane, M. E. Couprie, SOLEIL, F. Forest, O. Cosson Sigmaphi, Numéro de
dépot : 1458335

Adjustable magnetic multipole, 5/09/2014- WO 2016034490 Al, publication : 10 mars 2016

- Europe : PCT/EP2015/069649 of 27/08/2015

F. Marteau et al.,Variable high gradient permanent magnet quadrupole (QUAPEVA),Appl. Phys. Lett. I | 1,253503 (2017)
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250 300 A. Ghaith et al, Tunable High Gradient Quadrupoles For A Laser Plasma Acceleration Based FEL, Nuclear Inst. and Methods in
Physics Research,A 909 (2018) 290-293
A. Ghaith et al.Permanent Magnet Based Quadrupoles, Submitted to Intruments, MDPI, (2019)
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lI- COXINEL components
4 The undulator

s UI8 n°2 undulator ( cryo-ready, used at room temperature)

UI8 n2 : 2 m cryo-ready hybrid PrFeB U18 undulator
|8 mm period

Remanent field :1.35 (1.57)T @ 300 (77) K
Hcj:1.63 (7.6) T @ 300 (77) K

Minimum gap : 5.5 mm

B=1.15Tat77 K, K=1.93

1
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magnets at SOLEIL. In AIP Conference Proceedings (Vol. 1741, No. |, p. 020024).AIP Publishing. M.Valléau
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gy, [Lunexs Il- COXINEL components EAE@
The COXINEL components IHR320

HORIBA
Turbo ICT 3 gratings (600
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2x60 TWV laser
of LOA '
Salle Jaune

.p( 4 e | ’ .2 mU28 cry-ready in-vacuum undulator, variable gap down to 5 mm

. ; * 3 m UI5 cryo-ready undulator (coll. Sweden)
M. E. Couprie, Plasma ontrolled Fusion,Volume 58, Number 3 (2016), M. Labat et al. J. Synchrotron Rad. (2018). 25, 68-7 1 https://doi.org/10.1107]

S1600577517015284, M. Labat et al., "Electron and photon diagnostics for plasma acceleration-based FELs." Journal of synchrotron radiation 25.1 (2018).
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lI- COXINEL components
The COXINEL line
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EXMEREE (11 COXINEL electron beam transport
v M&QI First focusing
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Adjustment of the vertical dispersion in the chicane

Mﬁeam pointing defect

=> Dispersion introduced

=>Modification of the
electron beam shape

Beam Pointing Alignment Compensation

Matrix response method :

X (X
(DX> A AX: qap A)? qap — A <DX)

_((m(s)  wa(s)  wa(s)
As(s) = (Dm,1(8) Dy 2(s) Dm,g(s)) a

rms dispersion function [mm]
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Random jitter : 5 pm rms in x, | mad in x’ and | % in energy spread
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T.André et al., Control of laser plasma accelerated electrons for light sources, Nature Communications (2018) 9:1334
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2 k&
/? wu Adjustment of QUAPEVA strength (screen located before the undulator)
S Experiment Simulation
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T.André et al., Control of laser plasma accelerated electrons for light sources, Nature Communications (2018) 9:1334,1.André PhD 2018
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B EREE 11- COXINEL electron beam transport
COXINEL : proper transport along the line
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T.André et al., Control of laser plasma accelerated electrons for light sources, Nature Communications (2018) 9:1334,T.André PhD 2018
D. Oumbarek_Espinos et al., Skew quadrupole effect of laser plasma electron beam transport, Applied Science, 9(12), 2447 (2019).
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VI- COXINEL undulator radiation

- Transverse pattern measured with a CCD camera

A K? Undulator set to radiate at 200 nm for 176 MeV
Ap = —— |14+ =2 +~26?
Y 2nn2 2
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Nph ~ 3 107 ph/pC

T.André et al., Control of laser plasma accelerated electrons for light sources, Nature Communications (2018) 9:1334
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Conclusion and prospects
Conclusion

* Electron beam transport over 9 m enabling beam manipulation with a broadband
energy beam:

Beam pointing alignment compensation method
Fine tuning of the electron beam energy
Limited emittance growth at the undulator location

* Undulator spontaneous emission measured after transport beam manipulation:
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