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A model for pair production in head-on collision Typical setup

of a laser pulse and gamma photons (electrons)

>

Parametric study at fixed laser energy and
focus on the soft shower regime of pair
production (low secondary pairs)
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» Time dependence and ‘building block’

> Role of the laser pulse’s spatial shape
(Laguerre-Gauss beams)




Gamma photon propagating in a laser field

Rate of pair production by photon decay (LCFA)
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In the soft shower regime ( no secondary gamma photons)
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The probability for a photon to decayin At
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Head-on collision with a plane wave
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¢ = polarisation

Field: E(z,t) = [Sm(wt — kZ)X + ecos(wt — kZ)Y] (normalisation constant energy)
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Photon quantum parameter : y, (t) = Zyy
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Example LP (¢ = 0) : Jy(xo) = | 70Tb0 ()(Osin(cp))dgo can be solved numerically or

analytical approximation :
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Jo(xo) = mbo(Xo)mins F f
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( F (S)1= J2/ms erf(mvV2/(4s))
f=—J,sin®3(p)dy

The probability to create a pair after a half period crossing P(7/4) = 1 — exp l Yo T @l
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P(t/ 4) ‘High’ probability

, P>0.63 (1-1/e)
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Numerical solution of the equicontours of constant probability :
straight lines at low a,, y,, but cross values of constant y,

minimum a, for a given probability, along the line y, ~16.5



P(t/4)
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Excellent match with PIC/MC Smilei ) * simulations
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Generalization to more complex space and time dependences

*https:/github.com/SmileiPIC/Smilei



https://github.com/SmileiPIC/Smilei

Probability P, (t) =~ 1 — e~ % with the (local) average rate R =

High probability isocontour (P>0.63) for different time durations , 'f\ Building block, y,,
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Complex envelope Upp(p, P,2z) = Cpy =0 (ﬁp) Lllfl ( 2p” )exp[ Wp ]exp [—ll/Jpl(Z) + it + i

w(z)
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Solutions of the paraxial equation .
*with constant total energy Polynomial factor

The beam’s transverse size increases with £, the amplitude decreases
Photon quantum parameter
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Compute the time integrated probability for a finite time duration
4]

with fields’ spatial distribution given by the LG field \/%(ﬁp )
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First set of PIC/MC Smilei) simulations
ao — ZOOO,yy — 4‘00, TFWHM — ST, XO — 4‘85
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defocused Gaussian beams with the
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Few secondary pairs
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N, pair
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Comparison with Extended Gaussian (EG)
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Extended Gaussian (EG) are
constructed in order to have the
same total energy and the same
peak value as the LG of the

corresponding order
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Number of produced pairs in
EG higher than LG for ¢ <4
(bigger interaction area)
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Importance of a, versus v,

Second set of PIC/MC Smilei) simulations
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High probability isocontours (P>0.63)
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Start from lower a, : increasing
the size is not enough to
compensate for the field’s
amplitude diminution, no
improvement on pair
production.
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Model’s prediction for Tgyy gy = 25fs,A = 0.8um

Strategy for optimisation
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Dotted red lines = constant y, (0.1;1;16.5)



Thank you

More details : A. Mercuri-Baron et al 2021 New J. Phys. 23 085006



