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SLAC E-144 experiment, BW process* 0y

~ 100 positrons
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* D.L. Burke et. al,, Phys. Rev. Lett.. 79, 1626-1629 (1997)
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We expect a 10 PW beam at ELI L/5B0A

L4 will deliver 1.5 k] in 150 fs (can get ap~1000), in the same chamber as L3 (30 J, 30 fs)

D
il -
L4n Beam - 1.5 k] (ns pulse shaping) L4p Beam - PW /150 / 150 fs
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OSIRIS 4.0 i tnre
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QED loop in OSIRIS sl

We can take into account the collective effects of laser - plasma interaction
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Quantum RR in laser-electron scattering

Fokker-Planck equation for the evolution of e distribution function

Standard deviation of energy vs. time
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Expected value for final energy spread W T
emerges from stochastic diffusion

Energy vs. time for interaction with a 150 fs laser
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* M.Vranic et al., NJP 18,073035 (2016)
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: TECNICO
E+e- beam from laser - e- scattering at 90° W LISBOA

l. LYVFA electrons co.llide wi.th the I.aser; Pair creation and acceleration
pairs are produced in the highest field are decoupled!
region

2. Et+e- beam is accelerated by the laser in

@® electrons
vacuum

@ positrons

3. Laser defocuses leaving some particles
accelerated

2

o
4

S
. 31
VM <\

* M.Vranic et. al,, Sci. Rep. 8,4702 (2018)
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Quantum effects are strongest for the case of

TECNICO
W LISBOA

counter-propagation

But, the interaction at 90 degrees has only a factor of two lower electron chi
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*M.Vranic et al, PRL | 13, 1348001 (2014)
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Counter-propagation

—
g

X ~ 2 Yoag X 2 x 107°

Co-propagation
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: : TECNICO
Laser defocusing allows for net acceleration W LISBOA

Electron trajectories in plane wave vs. defocusing laser at ao=600
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Initial e+e- energy plays a vital role in the final W TECNICO
acceleration - the lower the better

LISBOA

Longitudinal momentum vs. position (90° incidence, ao=600)%*
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* Analytical solution: Di Piazza, Lett. Mat. Phys. 83, 305-313(2008)
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We can estimate the maximum energy as a
function of the spot size and the laser intensity

TECNICO
W LISBOA

Extending the plane wave estimate for focused pulses¥*
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Test particle
simulations:

particles born with the
most favourable initial
phase exactly in the
laser focus!

General 3D cutoff (et+e-
born anywhere)
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for | um laser:

Ecutoft [MeV]| >~ 2a¢g Wy [um]

* Pulse description by Quesnel & Mora, Phys. Rev. E, 58,3719— 3732 (1998)
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Analytical cutoff agrees with 3D QED PIC ) TF&%°

The cutoff for ag=1000 with a spotsize Wo=3 um becomes ~ 7 GeV
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* M.Vranic et. al,, Sci. Rep. 8,4702 (2018)
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LISBOA

At energies > 2 GeV, we obtain the same number W TECNICO

of e- and e+ in the spectrum
50 % of the positrons are above 2 GeV for ap=1000

E+e- spectra at 50 um distance from focal plane for Wo=3.2 um
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~ 10 GeV e+e- beam can be obtained with ac=1000

* M.Vranic et. al,, Sci. Rep. 8,4702 (2018)
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Low divergence for the final ete- beam

TECNICO
LISBOA

~ 30 mrad beam divergence on detector for laser ap = 600
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* M.Vranic et. al,, Sci. Rep. 8,4702 (2018)
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Charge in the ete- beam can be comparable to W TECNICO

e ., LISBOA
the charge of the initial e- beam

For long laser pulses the total number of pairs is higher and less sensitive with respect to
spatio-temporal synchronisation

85 % for ap= 1000 and | GeV e-

= 600 -> a pair per 17 % of e-
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If you start with a 2 GeV e- beam, you can get a pair per e- at ao=600
If you start with a 4 GeV e- beam, you can get a pair per e- at ao=400

* M.Vranic et. al,, Sci. Rep. 8,4702 (2018)
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. TECNICO
Conclusions W LISBOA

l We can predict the electron energy spread and divergence as a
function of ag, pulse duration and initial e- energy.

l Laser-electron scattering at 90° can produce pairs and
accelerate them to multi-GeV energies.

Vacuum acceleration is possible due to the laser defocusing.

l Energy cutoff can be predicted as a function of the spot size
and the laser intensity.

. Quasi neutrality - equal number of e+ and e- for particles
with energies > 2 GeV.
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Our publications LISBOA

I Adding classical radiation reaction %
» Modelling electron beam slowdown in scattering configurations § 0
» Modeling other configurations where only a fraction of electrons may be i
subject to RR but where this can alter qualitative behaviour R o oro 100 150
M.Vranic et al., PRL (2014); M.Vranic et al., CPC (2016); M.Vranic et al, PPCF (2018)
I Adding quantum processes i
3
» Modelling the onset of QED, RR from quantum perspective ?§§§ § A
» Modelling ete- pair production Eh WA 4 h
» QED cascades, nonlinear regimes where many particles are created and 200 g [ &/ / "
collective plasma dynamics can alter the background fields 1§§§ 5 / 3&%‘(’})}503582

M.Vranic et al, NJP (2016);T. Grismayer et al, POP (2016);T. Grismayer et al, PRE (2017);
J. L. Martins et al, PPCF (2016); M.Vranic et al, PPCF (2017); M.Vranic et al, SciRep (2018);

I Adding performance improvements (particle merging, advanced
load balancing schemes)

» Essential for all the projects with strong QED effects

M.Vranic et al.. CPC (2015)
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