
GEANT4 simulation
latest version 4.8.2

● Low Energy package

Deal with ~100 eV threshold for EM interactions
Include atomic states, Auger process, X-ray fluorescence
Consider Rayleigh scattering process

● Low Energy Compton Scattering (LECS) package

Include Doppler broadening of a Compton scattered photon

Improvement Rayleigh scattering

18/Dec/2006 Hideyuki Tatsuno



2
10

3
10

4
10

0

0.2

0.4

0.6

0.8

1

1.2

Graph

In
-c

oh
er

en
t 

cr
os

s 
se

ct
io

n 
[b

ar
n/

A
to

m
]

photon energy [eV]

Journal of Physical and 
Chemical Reference Data 
Vol.4, No.3 (1975) 471 

In-coherent cross section of helium-4 atom

KHeX energy 
region

about 1 barn



h1
Entries  16153

Mean     6356

RMS     236.4

Underflow       0

Overflow        0

0 1000 2000 3000 4000 5000 6000 7000 8000

1

10

2
10

3
10

4
10

h1
Entries  16153

Mean     6356

RMS     236.4

Underflow       0

Overflow        0

h3
Entries  5212

Mean     6298

RMS     173.6

Underflow       0

Overflow        0

h4
Entries  10941

Mean     6383

RMS     256.5

Underflow       0

Overflow        0

E570 setup
realistic Kstop distribution

Monte Carlo truth (6400 eV photon)

escape peak from Si
(not reliable the yield) normal

scattered

Energy [eV]



h1
Entries  16153

Mean     6371

RMS     65.56

Underflow       0

Overflow        0

6000 6100 6200 6300 6400 6500

1

10

2
10

3
10

4
10

h1
Entries  16153

Mean     6371

RMS     65.56

Underflow       0

Overflow        0

h3
Entries  5212

Mean     6298

RMS     173.6

Underflow       0

Overflow        0

h4
Entries  10941

Mean     6383

RMS     256.5

Underflow       0

Overflow        0

normal ~68 %

scattered ~32 % 
(with Rayleigh )

close-up

Energy [eV]



h3
Entries  5212

Mean     6310

RMS     88.44

Underflow       0

Overflow        0

6000 6100 6200 6300 6400 6500

1

10

2
10

3
10

h3
Entries  5212

Mean     6310

RMS     88.44

Underflow       0

Overflow        0

scattered ~32 % 
(with Rayleigh )

Rayleigh ~ 9% 

Compton ~ 23 %

Energy [eV]



h1
Entries  16153

Mean     6371

RMS     65.56

Underflow       0

Overflow        0

6000 6100 6200 6300 6400 6500

0

5

10

15

20

25

30

35

40 h1
Entries  16153

Mean     6371

RMS     65.56

Underflow       0

Overflow        0

h3
Entries  5212

Mean     6298

RMS     173.6

Underflow       0

Overflow        0

h4
Entries  10941

Mean     6383

RMS     256.5

Underflow       0

Overflow        0

close-up linear scale

Minimum energy of
a single Compton 
scattered photon

Double Compton 
scattering

normal

scattered

Energy [eV]



h3
Entries  5212

Mean     6310

RMS     88.44

Underflow       0

Overflow        0

6000 6100 6200 6300 6400 6500

1

10

2
10

3
10

h3
Entries  5212

Mean     6310

RMS     88.44

Underflow       0

Overflow        0

– 9 –

Fig. 4.— Spectra of monochromatic 6.4 keV line, scattered by hydrogen and helium atoms

and averaged over all angles. One can expect to see such spectra if the source of the
monochromatic line is located at the center of an optically thin cloud.

Superimposed other simulation

arXiv:astro-ph/9801202 v1   21 Jan 1998
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Scattering of X-ray emission lines by a helium atom
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ABSTRACT

The differential cross section for scattering of the astrophysically important

X-ray emission lines by a helium atom is calculated with an accuracy sufficient
for astrophysical applications. For a helium atom an energy “gap” (due to the

structure of the energy levels) is twice larger than for a hydrogen atom and
the “compton profile” (due to broader distribution of an electron momentum)

is significantly shallower. This opens principle possibility to distinguish helium
and hydrogen contributions, observing scattered spectra of X-ray emission lines.
With the appearance of a new generation of X-ray telescopes, combining a large

effective area and an excellent energy resolution it may be possible to measure
helium abundance in the molecular clouds in the Galactic Center region, in the

vicinity of AGNs or on the surface of cold flaring stars.

1. Introduction

The spectra of X-ray emission lines, scattered by neutral atoms, contain information on
the atoms themselves. This effect was used to study the electron momentum distribution
in atoms by observing scattered spectra of X–ray and gamma–ray lines (e.g. Eisenberger &

Platzman, 1970). As pointed out by Sunyaev and Churazov (1996) in astrophysical condi-
tions it is not unusual, when X–ray emission lines (e.g. iron fluorescent Kα line at 6.4 keV)

are scattered by neutral matter. Of particular importance are the smearing of the Compton
backscattering peak (for the lines in the X-ray band) due to the motion of electrons bound
in neutral atoms and the energy “gaps” below the initial line energy due to the structure

of energy levels of the discrete states. It was noted that these effects may provide principle
possibility to distinguish helium and hydrogen contributions to the scattered spectrum and

thus to measure helium abundance in the scattering media. Below we calculate cross sec-
tions for the scattering of X–ray photons by a helium atom with an accuracy sufficient for

astrophysical applications. Details of the scattering of X–ray lines by a hydrogen molecule
will be described elsewhere.
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