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General Scope

Study and mitigation of collective effects in the transport of relativistic electron beams
with high peak current in single or multiple pass particle accelerators.

Beam Transport and Dynamics 0.1 100

Relativistic Electrons 0.05 80

High Peak Current g . 60
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- - two different high peak current accelerator projects :
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o] O
4 T T I8 * PALLAS : Laser Plasma Accelerator Prototype o

° J.) " yP e PERLE

PALLAS  PERLE : Energy Recovery Linac

LPI
[A] beam transport driver2 injection
plasmal - I_

[A] Courtesy of Kevin Cassou [B] Courtesy of Alex Bogacz (JLab)
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.t c Method & Simulations= ..
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— Direct Numerical Integration — Prior Integration
‘kick’ method
r transfer matrices
Fp =F=q(E+vxB) G HHHII0— oo 00y, [Ru R R R Rus Rul
t Ryy Ryy Ray Rpy Ras Rag
R31 Rizs Rz3z Rzs Ras Rsg
R4y Rss Rs3z Rsa Rss Raug
ASTRA % § Rsy Rss Rss Rsq Res Rag
Re: Rgo Rgs Res Res Reg]
Map Fields and Runge-Kutta "t ii— = — s B
differential equation resolution CODAL

Homemade

Hamiltonian Mechanics
& Lagrangian based
on L.Nadoski’s work [1]

[1] Laurent Nadolski. Application de I'’Analyse en Fréquence a I'Etude de la Dynamique des Sources de Lumiére.
Theses, Université Paris Sud - Paris XI, July 2001
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% C RF transverse motion
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Transverse particle motion in radio-frequency linear accelerators

J. Rosenzweig
Department of Physics, University of California— Los Angeles, Los Angeles, California 90024

L. Serafini
Istituto Nazionale di Fisica Nucleare and Universita de Milano, Via Celoria 16, 20133 Milano, Italy
(Received 18 October 1993)

cos(a) \/%os(qﬁ)sin(a)

Meen =
—y/ 1 %sin(a) Ticos(a)

— CODAL upgrade with transfer matrices for standing wave RF cavities

[2] J.Rosenzweig and L.Serafini. Transverse Particle Motion in Radio-Frequency Linear Accelerator.
Phys. Rev. E, 49:1599-1602, Feb 1994.
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RF tranSverse motion

@
)
- validation of the upgrade (benchmark with Astra) L] PERLE

PERLE - LINAC 1 - Energy [MeV] PERLE - LINAC 1 - Transverse RMS Size [mm)]
T T T T T T

80 -

— ASTRA with Emax =33.47 MV/m
— — CODAL for <AE> in Astra
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cos(a) Was((ﬁ)sin{a) Average energy gain according to the
e = ) ¥ phase difference for an initial gamma = 8.8
—sg b I 1 Ji
5 7 ) sin(a) - cos(a)
=
2
4
Contents lists available at ScienceDirect x E
o &
. . et =
Nuclear Inst. and Methods in Physics Research, A - &
& 4 i %‘ B A -
¥ e e W
FLSEVIER journal homepage: www .elsevier.com/locate/nima s )
g 4
E = analytical formula
@™ 27 = astra simulation
Analytical modelin.g c.)f l.ongituc!il.lal beam dynamics in an RF-gun: From () 04/~ astra £ 5% limit
almost zero to relativistic velocities T . - . . .
T. Vinatier *, C. Bruni, P. Puzo 50 —40 —20 0 20 40 50
e ERG o phase difference Ad [deg]
Laboratoire de l'accélérateur linéaire, 91898, Orsay, France

— adaptation for standing wave RF cavities
- validation of the upgrade (benchmark with Astra)

[3] T.Vinatier, C.Bruni, P.Puzo. Analytical modeling of longitudinal beam dynamics in an rf-gun : from almost zero to relativistiv veolcities. Nuclear
Instruments and Methods in Physics Reasearch. Section A : Accelerators, Spectrometers, Detectors and Associated Equipement, 953:162914, 2020.
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High energy spread and divergence :
- Emittance blow-up during the 1st focusing

- Transverse position discrimination according to the
energy possible
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High energy spread and divergence :

- Emittance blow up during the 1st focusing =
challenging beam quality preservation

— Transverse postion discrimination according to the
energy possible = possibility of cleaning some
energies from the electron bunch
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— Emittance blow up during the 1st focusing = g 80r 1
challenging beam quality preservation g oy I —
T -
— Transverse postion discrimination according to the B s0f i B :
energy possible = possibility of cleaning some energies “g a0} + -
from the electron bunch 2 30t . . -
= +
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| Nex = horizontal plane | & l_- _?- | | | | 1
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Normalized Transverse Emittance [mm.mrad]

[A] Courtesy of Gregory Laguaniello
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Build a laser-plasma accelerator test facility aiming to achieve reliability and control comparable to conventional
RF accelerator standards.

Push LPA technological development starting with a 10 Hz 150-200 MeV laser-plasma injector (LPI) prototype

LPI
beam transport driver2 injection
plasmal
e |
aser driverl injection R s e, 1 : E L 1 1
1T e
driverl outcoupling beam diagnostics

Research and development lines :

1. advanced laser control
2. development of plasma targetry => plasma cell
3. electron beam control and transport

Achieved fully optimized and controlled LPI

First brick of a more ambitious beamline with second plasma stage (LPAS) or applications

Courtesy of Kevin Cassou
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