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Fig. 1. Photon scattering with electrons at tempera-

ture T, in lab coordinate.
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Fig. 2. Photon scattering with the sampled electron

in lab coordinate.
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Fig. 3. Photon scattering with electron in coordinate 1.
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Fig. 5. Photon’s flight directions and angles in co-

ordinate 1 and coordinate 2.
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Fig. 7. Photon scattering with electron in coordinate 3.
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Fig. 8. Electron speed distributions and analysis re-
sults with three kinds of sampled particles (Te =
25 keV).
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Fig. 9. Electron speed distributions under different electron temperatures: (a) 1 keV; (b) 10 keV; (c) 25 keV; (d) 50 keV; (e) 100 keV.
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Table 1.

Photon-Maxwellian electron cross-sections

(numerical integration method, Ref. [11]).

NAHEF AN [R) EE IR A U R THD /barns
BEf/keV | 1oV 10keV 25keV 50 keV 100 keV
1 0.663 0.662 0.662  0.662  0.661
10 0.640 0.639  0.636  0.634  0.628
25 0.608 0.606 0.602 0593  0.583
50 0.561 0557 0551 0543 0.525
100 0492 04890 0479 0469  0.448
200 0406 0404 0401 0382  0.361
500 0288 0284 0277 0268  0.250
1000 0211 0207 0203 0194  0.179

F2 b -k A TR (KN-Hastings T8 (3) 20it5)

Table 2. Photon-still free electron at rest cross-sections (KN-Hastings method, using Eq. (3) calculated).

AT HTHEE 1 keV LTI 10 keV

HL IR 25 keV

HLT-ILBE 50 keV

B TR 100 keV

e TR e PR e TP e TP e TR i
1 0.663 0.00 0.663 —0.15 0.663 —0.15 0.663 —0.15 0.663 —0.30
10 0.640 0.00 0.640 —-0.16 0.640 —0.63 0.640 —0.95 0.640 —-1.91
25 0.607 0.16 0.607 -0.17 0.607 —0.83 0.607 —2.36 0.607 —4.12
50 0.561 0.00 0.561 —0.72 0.561 —1.81 0.561 -3.31 0.561 —6.86
100 0.493 —0.20 0.493 —0.82 0.493 —2.92 0.493 —5.12 0.493 —10.0
200 0.407 —0.25 0.407 —0.74 0.407 —1.50 0.407 —6.54 0.407 —12.7
500 0.289 —0.35 0.289 —-1.76 0.289 —4.33 0.289 —7.84 0.289 —15.6
1000 0.211 0.00 0.211 —-1.93 0.211 —3.94 0.211 —8.76 0.211 —-17.9

23 LT -HIR i T RO (A SO R B )

Table 3. Photon-Maxwellian electron cross-sections (proposed Monte Carlo method).

ANEHET HL TR 1 keV LTI 10 keV

IR 25 keV

FL TR 50 keV

TR E 100 keV

AER/keV U EEE ] eI

EHE ]

o e PR e PR %iﬁﬁ I T
1 0.663 0.00 0.663 —0.15 0.663 —0.15 0.664 —0.30 0.666 —0.76
10 0.640 0.00 0.640 —0.16 0.639 —0.47 0.638 —0.63 0.637 —1.43
25 0.607 0.16 0.606 0.00 0.604 —0.33 0.601 —1.35 0.596 —2.23
50 0.561 0.00 0.559 —0.36 0.556 —0.91 0.551 —1.47 0.542 —3.24
100 0.493 —0.20 0.490 —0.20 0.486 —1.46 0.480 —2.35 0.468 —4.46
200 0.406 0.00 0.404 0.00 0.400 0.25 0.393 —2.88 0.381 —5.54
500 0.289 —0.35 0.287 —1.06 0.283 —2.17 0.277 —3.36 0.267 —6.80
1000 0.211 0.00 0.209 —0.97 0.206 —1.48 0.202 —4.12 0.193 —7.82

215201-7


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 21 (2018) 215201

2 AT THE R R % SR o g 3y, B Xt
TR HAMRK, BB RS, SR SRZ;
T ReEE S, BB Z,; Flu: b TRE
N1 MeV. B FIRE A 100 keV 150 T, AHRHR ZTE
18% i fa.

R 3ARIITIEVHE R B A, T REA
T 25 keVIE WL N 58 1 45 RARPER, AR 2
I 2%; (H 2 Bl A BT I 4k ST &, e 22 IR
WA, Bl Y TFREE N T MeV. HEFIEE AN
100 keV LT, AHX IR ZE L 3] 7.8%.

ST ARSI AR B IR E R A (> 25 keV) 1
LR 5 B AMOEUER > 77k R R R 3T O 4
FERIE, WP I T R R TR /N, KT, AT
T 9 (d) FTEL 9 (e) ATEN, 75 B TR R T, A
SCH FT G H R T VR Tl R
AR/, X 0] BRI 3 BRSOV A
TR AR R, Rk, ARHFR T — 54 B S A e
L7l R A HE R H AR TR

5 % W

RICHRH T — Pk B 5 A X 10 22 5 4
I3 A LT RO T 00 T i % VR A SE R R A
SRR IR HEZ G R R B, AR
THERAW TR B, S ERDLTReETEHE
(0—1 MeV) FHL 7l B VG (0—100 keV) P, A
FEEF X G AR B RN IR B A B R, RIS DAARYE
B — T B R B — R I T A K R )
BN AR 58 =, AU R T ST I RE RN
SIS, AT LAy (8 MR SR AR B O VAR E (5
SCAR), BRI, A S AR & TR A SR 2
J7AERSE NG T 1 5 il 55 B 7R 1 ¥ Compton B
A Compton HUN I & % =, SEEM DIkt
BB AR L, A SO VAT TR MR A B 0
AbFE, TR E 0 WL v

RS TT AL TR BEAN T 25 keV 1 L T )
THEORS R e (VBRSO RS i 2 K 2 HUICF . #4
e B BT ); £ IR SR, RE
J2 H A L SRR A e 2 R R, S ECH AT

TSRS E A2 AR 45 RAFE R B
Sy AR SRR B T LT AR N 18 T A R T ik
Ji, SRR N R A B e R

SE 30k
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Monte Carlo method for computing relativistic
photon-Maxwellian electron scattering cross sections”
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Abstract

Compton and inverse Compton scattering from relativistic Maxwellian electrons both have an important feature,
i.e. calculating the radiation transport in high-temperature and full-ionized plasma. Description and evaluation of
relativistic photon-Maxwellian electron scattering are numerically complex and computationally time consuming. A
Monte Carlo method is proposed to simulate photon scattering with relativistic Maxwellian electron and compute the
scattering cross-sections. To compute the total cross-section of a photon of energy hv interacting with electrons at
temperature T¢ in the laboratory coordinate, the calculation steps of Monte Carlo scheme are described as follows. The
first step is to sample the velocity of an electron, the directions are isotropically sampled, and the speed is sampled from
the relativistic Maxwellian distribution at temperature T.. The second step is to transform the photon energy hv into
the photon energy in the coordinate in which the electron is at rest. The third step is to use the exact Klein-Nishina
formula to compute the cross-sections. The fourth step is go back to the first step, and cycle this many times. The
last step is to summarize all computed cross-sections and averaged them, and the average value is what we need. The
operation and corresponding formula for each step are described in this paper. A better method of sampling the speed
of a relativistic electron is expected to be found.

A Monte Carlo processor is developed to compute the scattering cross-section of a photon of any energy, interacting
with electrons at any temperature. To check this method, scatterings of the photons of various energies with electrons
with various temperatures are simulated, and the results are compared with those from the numerical integration method.
The comparison indicates that the simulated cross-sections are in pretty good agreement with those from the multiple
integration method for the cases of electron temperature less than 25 keV. But unfortunately, the difference is obvious
for the case of temperature more than 25 keV, and the error increases with temperature increasing. Why so? When the
temperature is more than 25 keV, the sampling of electron speed is inaccurate when using the present method, which
maybe results in this difference. So, we need to find a more accurate method of sampling relativistic electron speed to

solve this problem in the future.

Keywords: Compton scattering, relativistic Maxwellian electrons, radiation transport calculations,
Monte Carlo method
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