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Abstract

In this work, the technique of attenuation of gamma ray to calculate the density
of comet nucleus materials (C/2009 P1 (GARRADD) at different range of energy
(0.2- 0.9 MeV). also, the single scattering model for gamma rays has been assumed
that photons reaching the detector with scattered only once in the material. The
program has been designed and written in FORTRAN language (77 — 90) to
calculate the density for molecules using Monte Carlo method was used to simulate
the scattering and absorption of photons in semi- infinite material. Gamma ray
interacts with the matter by three mainly interactions: Photoelectric effect, Compton
scattering and Pair production (electron and positron). On the **'Cs source energy
(662 keV), Compton scattering is the dominant interaction. at energies below about
150 keV the Photoelectric effect is significant , While Pair production occurs at
energies above twice the electron rest mass energy (1.022 MeV). Both these
processes have mass attenuation coefficients that are heavily dependent on elemental
composition, which is why only those source energies within the "Compton
window" are useful for densitometry. The calculation of our results of the density
were compared with the real density and the comparison is very good.

Keywords: Comet, density, Mass attenuation coefficient, Compton scattering,
Monte Carlo Simulation, Single scattering Model.
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1. Introduction:

The comet is an important piece of the great puzzle of the solar system. It is a sort of missing link
in our understanding of what created the planetary system of which the Earth is part. Basically a comet
has three components that must be studied: (1) the nucleus, or center condensation, (2) the head, or
coma, and (3) the tail. The nucleus is often, but not always, seen. It is the principal supply of the
material from which the comet originates and is the orbiting body that encircles the Sun. Emanating
from the nucleus is the coma [1]. The coma is the dusty, fuzzy cloud around the nucleus of a comet,
and the tail extends from the comet and points away from the Sun. The coma and tails of a comet are
transient features, present only when the comet is near the Sun [2]. Today we know that comets shine
by reflected light. Their tails are formed by solar radiation pressure acting on cometary dust and
molecules and by the solar wind acting on cometary ions [3].

Comets are considered among the most primitive bodies of our Solar System. In 1949 Fred
Whipple hypothesized a model to describe the nature of comets (Whipple, 1949): this model became
famous under the name of the “dirty snow ball” hypothesis. According to Whipple, a comet was a
solid nucleus only a few kilometers in diameter, composed mainly of water ice mixed with solid
particles. When far from the Sun, the nucleus is too small to be observed as resolved but, as soon as it
approaches the Sun, the ices present on the top surface layers of the nucleus are released and the comet
transforms in the spectacular object that people can see [4].There are two types of comets — long and
short period. Short period have orbital periods of less than 200 years while long period comets have
orbital periods of more than 200 years.

Long-period comets: comets have very long periods of revolution that range from greater than 200
years to infinity. In other words, some long-period comets make only one pass around the Sun and do
not return. Several long-period comets were discovered during the second half of the twentieth century
including Hyakutake and Hale-Bopp. Both of which were seen by many people and were described in
detail by Burnham (2000) [5].

Short period comets: comets likewise divide naturally into two groups, the Jupiter-family comets and
the Halley-types. As the name suggests, a Jupiter-family comet has its destiny controlled by Jupiter
[6]. Jupiter- family comets include a number of well-known comets, such as 2P/Encke, 9P/Tempel 1,
10P/Tempel 2, 19P/Borrelly, 21P/Giacobini-Zinner, 46/Wirtanen, 67P/Churyumov-Gerasimenko,
81P/Wild 2, and 103P/Hartley. Often, they originatein the Kuiper belt and exhibit orbital periods of
less than 20 years. In contrast, Halley-type comets have orbital periods P that range between 20 and
200 years. The Halley family is a relatively small group, with approximately a dozen known members
[7]. The best known of the short — period comets is Comet Halley , which returns every 76 years.
Halley's comet was last seen in 1986 and is due to return in 2061[8].

2. Monte Carlo Simulation

In this research, the Configuration of typical point isotropic source - cylindrical detector and
sample were described in terms of parameters as shown in Figure-1.
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Figure 1- Configuration of point source and detector and sample where 6 is polar angle,¢ azimuthal angle, rq
detector radius, r, sample material radius, d; distance between point source and sample and d,
distance between sample and detector.
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For a point source, the y — photon emission direction 8 towards the front surface of the sample is
calculated by
] = COS ! (2R;-1)
(1)
Where R is a uniform random number (i.e 0 < R < 1). and the azimuthal angle is sampled by the
equation

Q= 27TR2

@)
For each emitted photon.
The Coordinates of the emitted point ( Xo, Yo) is given by:

Xo = Rg. A 'g
@
Yo = R4. B - E
(4)
As seen from Figure-1. It is assumes that photons do not interact in the distance (to :c:sle )

between the source and the sample until they reach the sample, and that their directions do not change
the Coordinates of the point where the photon hit the plane of the front surface of the compound are.
X1=1, Sin @ Cos ¢
©)
Yi=tp Sin @ Sin P
(6)
21: dl
()
It was controlled by the expression:
Xlz + le < rcz
(8)
Whether this point was on the front surface of the material.

If the condition was unsatisfied, the photon did not enter the front surface of the material and was
rejected, Then the procedure with equations from 1 to 8 was repeated with a new four of uniform
random numbers. If the condition was satisfied, then this point was taken as the entrance point to the
material. The photon entering the material through this point travels a certain free path. By generating
a new R- value this free path was given by:

t:iln(l-R) (9)
where p is linear attenuation coefficient of the photon for compound material. Since
i
(ﬂ) Compound= ZWIﬁ_
P i Pl

Where:

W, : weight fraction of element

Wi : linear attenuation coefficient of i element [9].

At the end of this free path, the Photon undergoes interaction, and the Coordinates of this interaction is
defines as:

Xy =X+ T1*sin 0 cos ¢

Y, =Y+ Ty*sin@ sin¢

Z,=27Z1+Txcos 0

It was controlled the expression: X2+ Y2 <r?

3. Geometry of Single Scattering Models:

The use of gamma rays is an attractive solution for the measurement of bulk density on planetary
surfaces. The technique relies on the Compton scattering of photons (emitted from a gamma source,
usually *¥Cs) by electrons in the material under investigation. For a given photon energy (662 keV in
the case of **’ Cs), the interaction cross-section for Compton scattering depends only on the number
density of electrons in the material. Since the ratio of mass number to atomic number is constant
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(approximately 2) for most chemical elements, the mass attenuation coefficient for photons is almost
independent of composition in the region where Compton scattering is the dominant interaction.
Measurements of the attenuation or scattering of gamma rays by the Compton process are thus closely
related to the bulk density of the material. At energies below about 200 keV photoelectric absorption
becomes significant, while at energies above about 1:5 MeV e-/e+ pair production becomes
significant. Both processes have mass attenuation coefficients that are heavily composition dependent,
so they are not useful for density measurementsof materials of unknown composition.
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point source with 1. axis and y- ¥
axis, Compute the Coordinate of the point where the photon
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Bpr=error of T X=tSind Cos @
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D= real density, Y=t Sind Sing
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Figure 2- Flowchart for successive stages of program for simulation of photon history.
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4, Results and Discussion
1. The densities values of the nine molecules for C/2009 P1Garradd Comet were calculated for

point source *¥'Cs - cylinderical sample- detector System and by using Monte Carlo method. This
msimulation results comprised the several of runs with photon numbers 10°.The simulations
involved photon energies ranging from 0.2 to 0.9 MeV including 0.662 MeV and thickness of
the sample ranging from (11-20) cm in order to improve the calculations of the densities.

The calculations were valid for photons at energy 0.662 MeV because the calculation depends on
compton scattering interaction. The simulation program did not take into consideration the
photoelectric effect and pair production.

The densities values depended on the geometries of the system and the distance between the
detector and source. Consequently the values varied with the detector radius and the photon
energy.

The calculated results are given in Figure-3 to -11, as seen clearly the number of detected photon
decreases with increasing distances and increases with radius of the detector (Rg). 5. The
densities values calculated from the Monte Carlo simulation method are in good agreement with
the real densities as shown in Table -10.

B €O, E= 662 kaV, p= 0.78900 g/em’*

d 100000
042 13 14 45 16 17 18 49 20 M2 13 M6 T8N
thickness of the sample d, (cm) thickness of the sample d, (cm)

Figure 3- The variation of No. of incident photon on Figure 4- The variation of No. of incident photon on
detector asa function of the sample thickness for CO  detector as a function of the sample thickness for C,H;

molecule. molecule.
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Figure 5-The variation of No. of incident photon on Figure 6- The variation of No. of incident photon on
detector as a function of the sample thickness for detector as a function of the sample thickness for
C,Hg molecule H,CO molecule.
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Figure 7- The variation of No. of incident photon on  gjgyre 8- The variation of No. of incident photon on
detector as a function of the sample thickness for HCN detector as a function of the sample thickness for

molecule. CH3;OH molecule.
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Figure 12- The variation of No. of incident photon on
detector asa function of the sample thickness and
photon energy for CO molecule.

Figure 11- The variation of No. of incident photon on
detector as a function of the sample thickness for NH;

molecule.
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Figure 13- The variation of No. of incident photon on  Figure 14- The variation of No. of incident photon on
detector as a function of the sample thickness and detector as a function of the sample thickness and
photon energy for C,H, molecule. photon energy for C,Hs molecule.
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Figure 16- The variation of No. of incident photon on
detector as a function of the sample thickness and
photon energy for HCN molecule.
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Figure 15- The variation of No. of incident photon on
detector asa function of the sample thickness and
photon energy for H,CO molecule.
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Figure 18- The variation of No. of incident photon on
detector asa function of the sample thickness and
photon energy for H,O molecule.

Figure 17- The variation of No. of incident photon on
detector as a function of the sample thickness and
photon energy for CH3;OH molecule.
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Figure 19- The variation of No. of incident photon on  Figure 20- The variation of No. of incident photon on
detector as a function of the sample thickness and detector asa function of the sample thickness and
photon energy for CH4 molecule. photon energy for NH; molecule.

C/2009 P1Garradd Comet
Sample. CO
Mass attenuation coefficient = 0.07554 cm?/g
Abandance = 9.1% [10]
No. of photon = 10°
Ey = 0.662 MeV
Detector radius = R4 =15 cm

Table 1- Shows the calculated density for CO molecule in C/2009 P1Garradd Comet.

d d, Real density Calculgted No.of incident | Error in dgnsity
(cm) (cm) (glem?) densngy photon on (o/cm?)
(g/cm?) detector
5 11 0.78900 0.83979 497672 0.00209
= 12 = 0.90704 439458 0.00200
= 13 = 0.96060 389330 0.00192
= 14 = 1.00543 345312 0.00187
= 15 = 1.04318 306658 0.00182
= 16 = 1.06876 274792 0.00178
= 17 = 1.09188 246062 0.00175
= 18 = 1.10996 221080 0.00173
= 19 = 1.12331 199440 0.00171
= 20 = 1.13162 180930 0.00169
Sample. C,H,

Mass attenuation coefficient = 0.08139 cm?/g
Abandance = 0.06% [10]

No. of photon = 10°

Ey = 0.662 MeV

Detector radius = R4 =15 cm

Table 2- Shows the calculated density for C,H, molecule in C/2009 P1Garradd Comet.

d; d, Real density Calculgted No.of incident Error in density
(cm) (cm) (glem?) densngy photon on (glem?)
(g/cm?) detector
5 11 0.72900 0.77953 497626 0.00194
= 12 = 0.84188 439444 0.00185
= 13 = 0.89166 389288 0.00179
= 14 = 0.93335 345240 0.00173
= 15 = 0.96840 306582 0.00169
= 16 = 0.99209 274736 0.00165
= 17 = 1.01356 246008 0.00163
= 18 = 1.03044 220996 0.00160
= 19 = 1.04276 199382 0.00159
= 20 = 1.05041 180892 0.00157

1579



Temur and Kadhim Iragi Journal of Science, 2016, Vol. 57, No.2C, pp:1572-1583

Sample. C,Hg

Mass attenuation coefficient = 0.09223 cm?/g
Abandance = 0.64% [10]

No. of photon = 10°

Ey = 0.662 MeV
Detector radius = R4 =15 cm

Table 3- Shows the calculated density for C,Hg molecule in C/2009 P1Garradd Comet.

d; d, Real density Calculgted No.of incident Error in density
(cm) (cm) (glem?) den3|t3y photon on (glem?)
(g/cm?) detector
5 11 0.54600 0.69138 495876 0.00171
= 12 = 0.74675 437588 0.00164
= 13 = 0.79123 387252 0.00158
= 14 = 0.82804 343290 0.00153
= 15 = 0.85940 304544 0.00150
= 16 = 0.88054 272698 0.00146
= 17 = 0.89956 244038 0.00144
= 18 = 0.91431 219174 0.00142
= 19 = 0.92532 197602 0.00140
= 20 = 0.93274 178972 0.00139
Sample. H,CO

Mass attenuation coefficient = 0.08039 cm?/g

Abandance = 0.11% [10]
No. of photon = 10°

Ey = 0.662 MeV
Detector radius = R4 =15 cm

Table 4- Shows the calculated density for H,CO molecule in C/2009 P1Garradd Comet.

dy d, Real density Calculgted BB et Error in density
(cm) (cm) (glem?) den3|t3y photon on (glem?)
(g/cm?) detector
5 11 0.81500 0.78663 498772 0.00196
= 12 = 0.84936 440714 0.00187
= 13 = 0.89898 390826 0.00181
= 14 = 0.94155 346568 0.00175
= 15 = 0.97653 308034 0.00171
= 16 = 1.00032 276194 0.00167
= 17 = 1.02200 247414 0.00164
= 18 = 1.03919 222300 0.00162
= 19 = 1.05162 200638 0.00160
= 20 = 1.05954 182040 0.00158
Sample. HCN

Mass attenuation coefficient = 0.07876 cm?/g

Abandance = 0.24% [10]
No. of photon = 10°

Ey = 0.662 MeV
Detector radius = R4 =15 cm
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Table 5- Shows the calculated density for HCN molecule in C/2009 P1Garradd Comet.

dy d, Real density Calculgted N I Error in density
(cm) (cm) (glem?) den3|t3y photon on (glem?)
(g/cm?) detector
5 11 0.69700 0.80760 496746 0.00200
= 12 = 0.87221 438524 0.00192
= 13 = 0.92369 388388 0.00185
= 14 = 0.96726 344198 0.00179
= 15 = 1.00370 305512 0.00175
= 16 = 1.02824 273692 0.00171
= 17 = 1.05027 245066 0.00168
= 18 = 1.06772 220096 0.00166
= 19 = 1.08056 198494 0.00164
= 20 = 1.08896 179904 0.00163

Sample. CH;0H
Mass attenuation coefficient = 0.08392 cm?/g

Abandance = 2.1% [10]
No. of photon = 10°

Ey = 0.662 MeV
Detector radius = R4 =15 cm

Table 6- Shows the calculated density for CH;OH molecule in C/2009 P1Garradd Comet.

d; d, Real density Calculgted No.of incident Error in density
(cm) (cm) (glem?) den3|t3y photon on (glem?)
(g/cm?) detector
5 11 0.79100 0.75312 498966 0.00188
= 12 = 0.81333 440846 0.00180
= 13 = 0.86065 391044 0.00173
= 14 = 0.90154 346732 0.00168
= 15 = 0.93495 308230 0.00164
= 16 = 0.95791 276316 0.00160
= 17 = 0.97845 247612 0.00157
= 18 = 0.99496 222472 0.00155
= 19 = 1.00680 200826 0.00153
= 20 = 1.01429 182248 0.00152
Sample. H,O

Mass attenuation coefficient = 0.08510 cm?/g
Abandance = 100% [10]
No. of photon = 10°

Ey = 0.662 MeV
Detector radius = R4 =15 cm

Table 7- Shows the calculated density for H,O molecule in C/2009 P1Garradd Comet.

d; d, Real density Calculgted No.of incident Error in density
(cm) (cm) (glem?) den3|t3y photon on (glem?)
(g/cm?) detector
5 11 0.91700 0.73812 501096 0.00185
= 12 = 0.79647 443370 0.00177
= 13 = 0.84277 393624 0.00170
= 14 = 0.88217 349580 0.00165
= 15 = 0.91481 311064 0.00161
= 16 = 0.93787 278872 0.00157
= 17 = 0.95834 249966 0.00155
= 18 = 0.97420 224860 0.00152
= 19 = 0.98505 203370 0.00150
= 20 = 0.99255 184644 0.00149
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Sample. CH,

Mass attenuation coefficient = 0.08845 cm?/g
Abandance = 0.8% - 0.9% [10]

No. of photon = 10°

Ey = 0.662 MeV
Detector radius = R4 =15 cm

Table 8- Shows the calculated density for CH, molecule in C/2009 P1Garradd Comet.

d; d, Real density CZLC#SIﬁtEd N%ﬁgtlg:'gr?m Error in density
€Y €Y (g/em’) (g/cm%l detector (g/em’)
5 11 0.44200 0.72588 493492 0.00179
= 12 = 0.78431 434974 0.00171
= 13 = 0.83052 384824 0.00165
= 14 = 0.86955 340696 0.00160
= 15 = 0.90243 302010 0.00156
= 16 = 0.92428 270348 0.00153
= 17 = 0.94485 241538 0.00151
= 18 = 0.96025 216792 0.00149
= 19 = 0.97213 195204 0.00147
= 20 = 0.98024 176568 0.00146
Sample. NH;

Mass attenuation coefficient = 0.08970 cm?/g

Abandance = 0.5% [10]
No. of photon = 10°

Ey = 0.662 MeV
Detector radius = R4 =15 cm

Table 9- Shows the calculated density for NH3; molecule in C/2009 P1Garradd Comet.

d; d, Real density Calculgted No.of incident Error in density
(cm) (cm) (glem?) den3|t3y photon on (glem?)
(g/cm?) detector
5 11 0.81700 0.70196 500264 0.00176
= 12 = 0.75797 442252 0.00168
= 13 = 0.80205 392478 0.00162
= 14 = 0.83966 348384 0.00157
= 15 = 0.87061 309930 0.00153
= 16 = 0.89236 277838 0.00149
= 17 = 0.91181 248972 0.00147
= 18 = 0.92674 223954 0.00145
= 19 = 0.93759 202314 0.00143
= 20 = 0.94458 183678 0.00142
Table 10- Shows the calculated density for Nine molecules in C/2009 P1Garradd Comet.

No. Ey d; d, PReal Pcal Ap Rc Ry
1 0.662 5 13 0.815 0.812 0.00182 H,CO 15
2 = = 18 0.917 0.910 0.00146 H,0 =
3 = = = 0.789 0.791 0.00206 CO 10
4 = = = 0.724 0.735 0.00191 CyH, 10
5 0.2 = 20 0.546 0.540 0.00083 C,Hg 15
6 = = 14 0.442 0.451 0.00089 CH,4 15
7 0.3 = 17 0.697 0.696 0.0016 HCN 15
8 0.5 = 17 0.791 0.786 0.00131 CH;0H 15
9 0.6 = 17 0.817 0.814 0.00136 NH; 15
10 0.7 = 13 0.815 0.815 0.00175 H,CO 15
11 0.9 = 14 0.917 0.927 0.00183 H,O 15
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Conclusions:

1. The geometry system can be used to calculate the effeciency for different detectors.

2. Using Monte carlo method anable us to choose awinder range of energies.

3. The simulation results are very near from the real values as shown in Table-10.This proves the
accuracy of the program and geometry.

4. From the results, that the increases of photon gamma energy that reaches to the detector causes
decreasing in the number of incident photon on detector (Count rate). Because the escaping
probability of the photon from the sample will be increase.

5. The sample thickness is inversily proportional with the variation of number of incident photon on
detector (Count rate).

6. In general, the best values for densities have been obtained from Monte Carlo simulation method
at energies 0.662 MeV and 0.7 MeV. This meanes that compton scattering is very active in these
energies.
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