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Non-linear
Compton scattering Breit-Wheeler pair production
Implementation Issues: 106 Yinlong Guo et al.
2 o=100Mev | Phys, Rev. E 105,
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Introduction

Smilel Radiation reaction models

Regime Description Models

Classical radiation ~v- < 7, radiated energy
emission overestimated for y > 1072

Landau-Lifshitz

Semi-classical _ ; T — Corrected
radiation emission ek Landau-Lifshitz

Stochastic
model of Niel
et al / Monte-

Co Carlo

Quantum regime ‘ - Monte-Carlo

Weak quantum regime

Implementation Issues: 10° Yinlong Guo et al.
g ::ggg‘::v Phys. Rev. E 105,
* Precomputed tables 9 10t eo=2000mev | 025309
 Limited accuracy £ 102 addressed by =
* Spectrum is not complete 0 Ly SFQE Dtoolkit
(Stairlike StrUCtUrES) 10000 025 050 095 100
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o Chebyshev expansion
e Synchrotron emission &

‘n'\e\led : :
. Pai(rLrgigﬁugétiEca;C(Eé)F A) M Asymptotic expansion
* Be accurate* and fast
* Cover all the spectrum

Chebyshev polynomials

Infinite-dimensional orthogonal basis: =s T, (2) = 22T, () — T)—1(2) To(x) =1, Ti(x) = =,

©.@)
s flz) = Z ¢; Ty (x) Clenshaw’s recurrence formula:
1=0 f(x) can be evaluated just by knowing its Chebyshev coefficients C;
o O
* f(x,y) = Z Z cii Ti(x)T;(y) Chebyshev transform
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Implementation scheme

Main purpose: create particles whose energies

|

Use the Inverse Transform Sampling (ITS) method

f(z,e)de

Etot

/ f(z,e)de — 1

0
/:or the Synchrophoton emission:

=0

are distributed between () < & < Etot according to f

Problems:

 Modified Bessel Functions
* Numerical integration
* Numerical inversion

***** Soution: W
Use Chebyshev transforms! \

d*W, am?ct 1 5 2u > 5 \
 (E0r 6. Xe) = 1+ (1 Kg( )—1 /K;d, -
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W = G(Xe,r) = inverse | Ly (W0, xe) — erd(xe) =0

Is solved by using Clenshaw’s recurrence upon the coefficients of Ch[G(Xe, 7“)]

. 3w3ee e
T2 4 3wdye

Things get tricky when:

r— 0 (r <0.04) Use: Lpe (W, Xe) ~— 21/3F(§>u7

—1
Analytically inverted into: W = erd(Xe) [%F (%)]
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Emitted photon energy
(final part)

r— 1 (r > 0.99999)

~ ~ ~

-3 3
Ipe(w’xe) ~ md(Xe)(l _ 6_(w _wO)) + Ipe(wOaXe)e_(w —wp)
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fu_) — inverse [fpe(w, Xe) — rﬁfmd(xe) =0

Emitted photon energy
(final part)
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780 — Exponential approx
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’U_J — inverse [fpe(w, Xe) — rﬁfmd(xe) =0

Emitted photon energy
(final part)

r— 1 (r > 0.99999)

Ipe(w7Xe) ~ rad(Xe)(l — 6_(w wo, Xe
for Xe = _
2 gl e Wrad(Xe)
780 — Exponential approx
| Original
T - wo:;G(Xe,o.99999)

_ Wrad(Xe)(l — )
Wra,d(Xe) - Ipe(w07 Xe)
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T Value returned by the toolkit
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T » The percentage error A, - 100 is well below 0.1%
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Beyond thelLCFAI

Fails at low energies!
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8
10® electrons Plane wave
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Improved local-constant-field approximation for strong-field QED
codes, Di Piazza et al.
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Conclusions

* Accurate

* Covers all SFQED processes’ spectra

* Determines the energies of the emitted/created particles

* Open source code (Soon Available on github at:
https://github.com/QuantumPlasma/SFQEDtoolkit)

* Finalizing Draft with details on the methodology and tests

Outlook * Will account for the full angular distribution
* Will include spin and polarization effects
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