
WP2: Physics and Simulation



WP2 tasks

 Extensive simulations

● to optimize the plasma, laser and electron beam parameters

● for both, the plasma injector and the accelerating modules

● including injection from a conventional linac and internal 
injection from a laser-driven plasma cell

 Start-to-end simulations

● to determine optimum sets of plasma modules and beam 
parameters

● target achievable final energy and bunch charge, but also 
energy spread and transverse emittance of the electron 
bunches

 Acceptable tolerance levels

● Study of the effects from various error sources including laser 
parameters (intensity, wavefront defaults, etc) plasma density, 
spatial and temporal tolerances
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Open questions

 LWFA Injector
Zero order parameter reminder: Charge 10-100 pC, Energy 0.1-0.2 GeV, σE/E < 5 %

● Which plasma structure to consider ?
 gas jet, gas cell, etc

● Which internal injection methods to select ?
 Self-injection, optical injection, density gradient (smooth, shock-front), 
ionization (gas mixture) and variants, or more sophisticated:  shock front 
assisted by ionization, self-truncated ionization injection, etc

● Matching to interstage beamline: a0/density gradient

 LWFA Acceleration
Zero order parameter reminder (FEL application): Energy from 1 to 5 GeV

● Quasi-linear regime ?

● Which plasma structure to consider ? gas cell, capillary, etc

● Matching to input beamline (from RF injector or LWFA 
injector) and output beamline: a0/density gradient



Discussion : most promising injection methods

 Criteria for a good internal injection

● to control start and stop trapping, the charge

 Ionization injection with all variants looks very attractive

● Ionization + density down-ramp
with controllable 2-stage gas target
G. Golovin et al.,
Phys. Rev. STAB 18, 011301 (2015)

● Self-truncated ionization injection
M. Mirzaie et al, Nature Scientific Reports (2015)

● Two-colour Laser-Ionization Injection
L-L Yu et al, PRL 112, 125001 (2014)

● Two-Pulse Ionization Injection
N. Bourgeoais et al, PRL 111, 155004 (2013)

● etc



Summary of main features of PIC codes

 OSIRIS (Joana Martins)

 ALaDyn & Architect (Alberto Marocchino)

 SMILEI (Arnaud Beck)

 CALDER-CIRC (Francesco Massimo)

 PICon GPU (Ashutosh Sharma)

 WARP

 EPOCH

 Hybrid codes or 2D option of PIC codes (cylindrical geometry)
could give also a good starting point on the job
LCODE, QFLUID, Architect (PWFA), WAKE, …

 But need at the end full 3D PIC codes, very time consuming
Idea: EuPRAXIA consortium could apply to PRACE call

 Coupling of PIC codes with conventional beam dynamics codes discussed 
(ex. OSIRIS-ASTRA coupling, Timon Mehrling)

 But also with FEL analytical codes (G. Dattoli)



PIC codes used and Labs
Institution PIC code used Area of Interest

IST OSIRIS plasma Injector

DESY
PICon GPU

OSIRIS
external injection

LWFA acceleration (low density)

INFN _ 
SparcLab

ALaDyn
Architect

ionization injection
beam-driven (WP9)

PISA_ILIL ALadDyn
channel propagation, self injection & 

ionization

CNRS/LLR SMILEI self injection, wavefront defaults

LOA CALDER-Circ
plasma Injector

WP6-WP11 oriented (FEL + prototyping)

CEA WARP plasma Injector + acceleration

CNRS/LPGP WARP plasma Injector (ionization injection)

ELI_Beamlines PICon GPU FEL application, self injection, LWFA

ELI_ALPS
PICon GPU

EPOCH
LWFA


