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Open-access model
40+ research groups worldwide

fbpic
A spectral, quasi-3D Particle-In-Cell code, for CPU and GPU
are using OSIRIS

¢ http://fbpic.github.io

The distinctive features of FBPIC

Cylindrical grid with azimuthal decomposition

In the standard PIC algorithm, the fields are represented on a 3D Cartesian grid. This is very
generic, but also very computational expensive. For physical situations that have close-to-
cylindrical symmetry, it is more efficient to use a cylindrical grid for the fields. This is represented
below, with macroparticles in blue and the grid for the fields in red.
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OSIRIS framework g A
Massively Parallel, Fully Relativistic

Particle-in-Cell Code

Parallel scalability to 2 M cores
Explicit SSE / AVX / QPX / Xeon Phi /
CUDA support

Extended physics/simulation models

300+ publications in leading
scientific journals

Large developer and user
community

Detailed documentation and
sample inputs files available

/ Using OSIRIS 4.0

The code can be used freely by
research institutions after signing

an MoU
Find out more at:

http://epp.tecnico.ulisboa.pt/osiris
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Applications of plasma-based wakefield accelerators
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Diagnostics for plasma-based electron accelerators
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Diagnostics for plasma-based electron accelerators

Goal:
Diagnose as much as possible In single-shot

Slice energy spread
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Coupled motion of electrons in laser driven plasma

wakefields and oscillations In the laser fields

Hamiltonian in wake coordinates:
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Coupled motion of electrons in laser driven plasma

wakefields and oscillations In the laser fields

’y — P”’Up — w ~ Cl a conservation of Hamiltonian

1+ p?
1 =7(C+9) (vp " \/1 75 (C1 —I;Lw)z) o

1 9 9.9 PZL
~ a”vaix ~ 272(Cr + o (€
p” p”O 2 719 1 2(01 _|_ wo(g)) 9 Pjo ’Yp( 1 0( ))
2
Yo 1 5 5 5 X| =X1s 1t X1t
P| = Pjo — —— (5 PjoXL + m>0
A Plio P. =Pis+Pit
Wakefield acceleration Transverse modulation Laser  Wakefield

THE GERARD MOUROU . . .
‘ EU[] CENTER FOR ULTRAFAST OPTICAL SCIENCE o =1, — “bubble” regime

IIIIIIIIIIIIII CHIGAN



Coupled motion of electrons in laser driven plasma

wakefields and oscillations In the laser fields
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Coupled motion of electrons in laser driven plasma

wakefields and oscillations In the laser fields
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“Herringbone” observed in LWFA experiments and theoretical fitting

Gemini TA3 at RAL, CLF (UK)

E: 6.3 = 0.6J Laser polarization perpendicular to

Pulse duration: 45+4 fs magnet deflection plane

Spot size: 40(x2) * 50(x2) um Modulation of the electron spectral

lo = 4.6(:0.8)618 W/cm?2 can be observed LaneX Screen

ao=1.46 £ 0.12

See also:
M. Streeter et al., PRAB 25, 101302 (2022) ;
A. Hussein et al., Scientific Reports (2019) 9:3249;

B. Kettle et al., PRL 123, 254801 (2019);
R. Spesyvtsev et al.,Proc. SPIE 11036 2019 Gas CGH Kapton tape
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“Herringbone” observed in LWFA experiments and theoretical fitting

Typical spectral without modulations

“Herringbone”

Experimental results Theoretical fitting
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Coupled motion of electrons in laser driven plasma

wakefields and oscillations In the laser fields

Long plasma length &
high plasma density

Beyond dephasing—
Interaction between
electron and the laser
driver
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Spectral reconstruction

2
Tp 1 A A — :
Pir=Pio plfo (iazpﬂoxi +p7) Pz(C) = Das(C)aocos(kC + Q) + Pre(C)Pet Pxt = Opyy N
X| =X|sTX|t PL=Pls +tPl¢t transient solutions represented by standard normal distributions N

Yoy &, A0y Op, s0x, Q? and OAp,
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1. Extracted from experimental spectrum

e Longitudinal energy distribution (chirp)
® Temporal beam charge profile

® Transverse momentum envelope (steady state)
® Transverse momentum width (transient)
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Spectral reconstruction: genetic algorithm

Problem of multi-parameter optimization

Goal:
experimental spectrum

Genes:
Yp, Oy G0,y Op_,,0z,, $1, and oAy,
(With extracted longitudinal & transverse

momentum and temporal charge profile)

Figure-of-merit:
Difference between “guessed
spectrum” and exp spectrum
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Information retrieved:

5| AL RS | | | | | g
(a)Goal it s Experiment

o — -
\\\\\\\\\\\\\\\\
,,,,,,,,
—————————

¢ [mrad]
-

6 [mrad]

400 500 600 700 800 900 1000 1100

Energy [MeV]

Electron beam: /
- Temporal profile (also gives pulse duratlon/
- Transverse momentum
- Longitudinal momentum (energy chirp)
- Slice energy spread
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20 w/ laser modulation

Slice energy spread of 11 MeV
relative energy spread of 1.0%-3.2%




Slice energy spread effects
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Information retrieved:

Wakefield:
1. yp -> plasma density

Yo ~ 20-80 => np ~ 5€18 - 3e17 cm-3
2. a? << 1 => quasi-linear wakefield

e a=1=>"blowout” regime
3. Beamloading -> chirp direction

Laser

Pulse shape at electron position,
px =aomeC

Electron beam at rear or front part
of the laser beam based on the
envelope
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Summary

 Theoretical model describes coupled motion of

electrons in laser driven plasma wakefields and
oscillations in the laser fields

1 1 1 1 1 1 1 1
400 500 600 700 800 900 1000 1100
Energy [MeV]

 Experimental observation of modulated electron
spectral which can be fitted with the theory model

* Reconstruction of the electron beam characteristics
including: longitudinal momentum distribution (energy
chirp), transverse momentum distribution, temporal

profile (pulse duration), slice energy spread. (All at a
single shot!)
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attention!



