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Fig. 1. A photon scattering with electrons at temper-

ature in lab coordinate.
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Fig. 2. A photon scattering with the sampled electron

in lab coordinate.

K3 Ahag3dh TS TEs RER
Fig. 3. A photon scattering with a electron in coordi-

nate 3.

IR AP BRI VR A Ak B R 2
#ik [21].

K75 Bl LT R A Compton BUR K A
K-N AR H, 7] LU H O+ (hwo, £20) 5 AHXT
WHLT (v, 200) RAEBUH MR ou(c) PU. H%
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BIRe ik,
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PRI S6 T R AR VS [P i, hoo)]; BT

H-T 2 G T RE RS R 2, R 3 RN N 4L
WA AR A, o, ZLR A #0238 HOE T RE
B (SRR AR R) KT hfy i B 2B R
WUE O T REE (SRR E B R) =T h
IONERs N

TR L HE, B TR R (R 0 keV) FHOL T,
Jt il id Compton B i 1R 2 BE R, Y 406 7 g

ML iz 3l T B 22385 8 280N AT Compton RN,
AR TRER AR A T 4088 (B < hf ) AR
# (E) > hvg); NG Re RIS, LR MIER 0D
B, 1 TEARAS R E LT (<1 keV), 4
KB 56T B RE R BEAE [/ iy hro)] V8
Z W IR S, 1 Compton RN R 2 2, %
2L TP

R 6T ARXIE 22 ve 7 F T RIUN R UG T R

Table 1. Averaged energy of the final photon of photon-Maxwellian electron scattering.

o H LT IR R /keV
ANFEFREE /keV
T,=0keV T,=01keV T,=1keV T,=10keV T, =100 keV

0.1 0.09998 0.10004 0.10057 0.10614 0.21094

1 0.99805 0.99864 1.00391 1.05926 1.96781

10 9.81238 9.81793 9.86771 10.38826 18.30332
100 86.19997 86.23532 86.55125 89.83442 133.79781
1000 559.98668 560.01402 560.75801 567.83974 657.14059

K2 OUT MR EE T AL TR A ZLRS (A

Table 2. Percent of red shift of photon-Maxwellian electron scattering.

N LIRS (%)
ASETRER /keV
T,=0keV T,=01keV T,=1keV T,=10keV T, =100 keV

0.1 0 48.37528 47.40793 42.59126 27.78235

1 0 41.82611 45.10830 41.86497 27.60703
10 0 18.89487 30.39499 35.61643 25.89908
100 0 3.22398 7.79209 14.09195 15.35106
1000 0 0.39906 1.13527 2.58885 3.23803

3T MR ZE T LT R RS £ A

Table 3. Percent of blue shift of photon-Maxwellian electron scattering.

HWRHE(%)
NG THER /keV

T,=0keV T,=01keV T,=1keV T, =10keV T, =100 keV
0.1 0 50.33288 52.20609 57.27895 72.18416
1 0 46.94803 51.14696 56.95095 72.08201
10 0 20.04443 40.91775 53.66731 71.08324
100 0 0.51205 4.47488 25.90216 61.45609
1000 0 0.01198 0.12106 1.19333 11.75496
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4 LT R B A K K-N AT SR B
(Fin =0.1 keV, T, =0 keV)
Fig. 4. The differential scattering cross sections dos/d E and
vs. K-N analysis (Eij, = 0.1 keV, T, = 0 keV).
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Fig. 5. The differential scattering cross sections dos/dE
(Fin =0.1keV, Ty, =1 keV).
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Fig. 6. The differential scattering cross sections dos/dFE

(Ein = 0.1 keV, T, = 100 keV).

—0.2

B 7—9 00 AlE N RER N 10 keV 6 T 5
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TS B LR L.
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——K-N analysis
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9.60 9.70 9.80 9.90 10.00

Final photon energy/keV
Bl7  BUROG T Re R B 00 S S K-N A U 25 R L
(Fin =10 keV, Ty = 0 keV)
Fig. 7. The differential scattering cross sections dos/d E and
vs. K-N analysis (Ein = 10 keV, T, = 0 keV).
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Fig. 8. The differential scattering cross sections dos/dFE
(Ein = 10 keV, Ty = 1 keV).
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Fig. 9. The differential scattering cross sections dos/dFE
(Ein =10 keV, T, = 100 keV).
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Photon spectrum and angle distribution for photon
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Abstract

Description of photon scattering with relativistic Maxwellian electrons is numerically complex, and computationally
time consuming for the final photon energy and angle distribution. A Monte Carlo method is used to simulate photon
scattering with relativistic Maxwellian electrons. The main idea of this method is to transform the interaction of pho-
tonmoving electrons in the laboratory coordinate system into that in a new coordinate system in which the electrons are
at rest, then to use the exact Klein-Nishina formula to describe this interaction and obtain the outgoing photon energy
and angle, finally, to transform it into the primary laboratory coordinate system. In sum, there are eight steps, i.e.two
two-dimensional (2D) transforms and two three-dimensional (3D) transforms and two Lorentz transforms, and two sam-
pling. Repeating this process, summarizing and averaging all computed energy values and angles, the distribution of
scattered energy and angle can be obtained.

A Monte Carlo processor is developed to simulate a photon of any energy interacting with electrons at any tem-
perature. Some typical cases are simulated. The computed results indicate that the photon spectrum is different from
that of the photon scattering with rest electrons remarkably, especially for a low energy photon scattering with the
high temperature electrons. The main phenomena are Doppler broading and blue shifting. The moving electron can
extend the distribution of the outgoing photon energy, and for a low energy photon scattering with the high temperature
electrons, the photon maybe obtains the energy from electrons with significant probability. The angle distribution is
very complicated, and it is determined by the incident photon energy, the outgoing photon energy, and the electron
temperature. This processor can calculate the energy scattering differential cross-sections or energy-angle scattering

double differential cross-sections, and provide the data in a tabulated form for other transport methods.

Keywords: photon-electron scattering, relativistic Maxwellian electrons, photon spectroscopy and angle
distribution, Monte Carlo method
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