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Abstract :
The aim of this research is determination the llactional loss of neutron energy when it collides with different material
with different mass numbers i.e (He, C, Al, Mn, Cd, Au and Eu2O2) when colliding at different collision angles (100-
l8O0), in addition to the maximum fractional energy loss of neutron upon collision of neutron. The ratio (sin2dlsin2 )
was also calculated showing that the ratio is equals unity collision angle of 1000 and increases with the increase in
collision angle until it reaches its maximum value.
Keyword : Energy loss, Fractional loss, Collision
angles,

l. Introduction
Protection from neutrons is an important issue because of energies of 499, 640,993, l4l5 keV. while the reactioD,
several factors effecting the magnitude of loss of the (n, a ) takes place at the energies 1415, 1800 keV. The
neutron energy upon collision with the atoms of the attenuation of neutons having energy of l4.g MeV was
targeted materialtrl inctuding : the natue of targeted studied bytal in the material of tead, iieel, aluminum, and
material (mass number , and density), The nature of paraffin in order to d€tect the primary neutrons. Energies
collision according to the nucleus of target material as in Ligher than I eV were detected brt,i using the resonant
the case when the targeted atom is stationary when the detector technique using gamma ieactioni (n , y ) for
neutron approaches or both are ln 

T]r-ri-Tflly" ::,h" some cbips including rrln, ,rela, 2isu, AureT.calculating
center ofmass. Besides, the magnitude ofDeutron e[ergy fui th" 

"r".gy 
ofr,"utrons emitted ftom puBe by putting a

loss depends on the angle ofcollision. The atteDuation of .o*"" mia" a hemisphere with a radius of 23 cm in
neutrons emitted fiom two sources Ra-a_-.Be and wtrict lt, nrst ,aaius j.5cm is fi[ed with light water andRa-a B were studied by l'lin some materials including iir'r"""ra radius l9.5cm filled with healT water D2O.Bi, Pb, Fe through its inelastic scaftering through The energy of neutron was calculated to beb.34 Mev and
different angles. The method is based on the average it was fiund that the energy 47.gyo of neutrons haye
counts of detector when spherical 

_ 
materials used _in energy less or equal 0.4iV. Energy of neutrons

scattering neutrons exist or not. A decrease in the rebo-unding at various angles in iarious material
detector count was observed when material 

^were 
put including 

-Xe, 
Ar, Ne were Jalculated byl7l. The current

around the source.[] I studied the r-caction-of neuEons snrdy ai_irs at determining the amount of fractional loss

Yjth ntlogT using neutrons from 
. 
the reaction of neutron energy when it collides besides the rario

:'Li(p.n)'Be when the reaction IoNln.plrncraNln ..a )rrB (sin2d /sinr) fol various materiar.
with several energies were conducted. It was observed
that the threshold reaction (n , p) takes place at the
2. Theory with the target nuclear is positioned before collision and
Since the neutron charge less, Thus it is cannot lost the incident neutron is approaching. These axis called
energy by ionization. However, they can lose energy by the L-axes (laboratory axes). While the axis in which
elastic and inelastic collision with atoms of moderating both the center ofmass ofthe neutron and targ€t nuclear
material. For determination the amount of energy lost by positioned and both nuclear and neuhon approach the
the neutron, we had to study the collision process. The centre of mass, are in this case called the mass body
process of collision between two bodies at the axes in center axis or C- axes. (see fig I )t 
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Figure I : types ofax€s at the time ofcollision between two particles.
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When a neuton with a mass of ,n approaches the
stationary nuclear of target M at a velocity V0, the
momentum of the neuton is shown by the following
eq.tel: P=mvs.... (l)
While the velocity of center of mass is given by the

M +m
In the L- axes and after collision the neutron moves at a
velocity v at an angle d relative to its original direction
ofmovement and the nuclear moves at a velocity ofv' at
an angle with the original direction ofneuton. while the
description of movement in the C- axes the neuhon
moving to the .ight at a velocity of:
..MY = v. - vo = yo 

=:- 
.... (3)

M +m
The nucleus moves to the left at a yelocity ofv" and the
total momennrm at the C- axis is calcutated bylrol :

r=,r11!-l-y- M1 mvo 
1-g....1+yM+m M+m'

That means that the total momentum before collision is
zero and the reason is that momentum is a vector and the
direction of movement of the nuclear is opposite to the

A

I
...... (8) & v - = v " 

- 

...... {9)' " l+ A
If E0 was the energy of the neutron before collision and
E is its energy after collision we can form a relation
between them using the equations (5) , (8) , (9) in tbe
following form:
E 0.5nV1 V') 1+ A'+2ACos0 ,.(lO)
E" O.5nvi. v: ll + A)'

direction of the neutron movement neuhon makes

an angle (Q) with its original on after collision.

while the total momentum is the momentum
nucleus moves

equahon y" = vo

must cqual to zero after collision and

at an angle ot (n - 0) relatiYe to
(2) The moment equal to zero in the

and after collision. That means that
change in magnitude ar collision bur
ln the case of L- axeis, in w

scattered neutron v at an angle d
of the velocity of the neutron and
of mass in the C-axes. Figure 2

between these velocities Irr I tr2l

incident neutron.

- axes made the

the vector sum
v€locity of center

the relations

by the following

calculations simpler than those for L- axcs. The observer
of these axes sees changes only
neutron and nuclear as a result of lision. Each of the
bodies move departing at opposit€ directions but the
dynamic energy remains conserved
and the velocity of both bodies

elastic collision
the same before
velocities do not

y the directions.
ch the nuclear is

considered stationery before col ion, the velocities
change but the directions do not The velocity of

Fig 2: the relationship betwe€n various velocities.

3. Calculations The fractional loss of energy is gi
3.1 Calculation offractional loss ol energt relationship tra I tr5l:

The relationship between velocities is given by the t E | _. tA - | t, Cos d ...... (l
relarionlrrl 't.' ',1 r l''""Y

v2 =vl +V2 + 2Vv"Cos
...... (5)
Also
v _ sin / ..... (6)
I/ sin 0

Assuming the mass number ofnucleus is A and it is I for
the neuton, the equation can be expressed as follows :

. = | ...... (7)

hip between the

MA
Substituting in 2, 3 we have y

attering angle / in

d in the L- axes by

,],

For all scanering angles between 0

we can expresse ( A-l ) / (A+l)
by a and we can writ€ the eq.

E l+a l-a -
-=-+-LosA 

-.....E" 2 2

'd '[7
the formula above

l0) in terms of a
(12)

scaltering angles of { and 0
we can find a relation between the

the C- axes and the scattering angl

the combination of formula (6) thboth(7&8fr5l
Sin20 Y2

A+

A,(-)'
l+ ASin'O

using
Sin '0

)'z.(13)
E

E A

equatlon
A,

l0

Sin'zt 1+A'1+2ACos g

3-3 Calculating The Average Cos

v

m

Ys----'
__-_._,

I

I

I

vc

l8t

(t4)
had

the direction of

3.2 Determining lhe

(
I

nal
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In order to determitrc the average Cosd we substitute
and ; range the eq. 14 to determine:

(0 
""d i + d/). Intecrating the 3 dimensional angle

element 27r sine Sd( wehayslt3)rsl

g;r'g=*-!!tn'0
l+ A' + 2ACos(

....... (ls)

Cos2 o =1- sin' o
e'a=f,1A,s0\2trsinff{

6u1 I161lt51

...... (16)
Substituting in 16 we have l+ ACos{

(1+ A2 +2ACosQ),
after making x: cos/

(20)

4. Results and Discussion

nsi=it MO

(17)

I + ACosS
.... (18)

(l+ A2 +2ACosQ)2
Which means

Cofr
l+ ACog

(l+A2 +2ACog)2
(le)

We iutegrate 19 for all yalues off scattering angles /
in the C- axes. the integration depend on the probability
of scattering of neutons at the angles laying between

Fig 3 : fractional loss of neutron energy as a function of scattering angle for the used

material.
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Fig 4 : the rstio of both scattering angles as a functior ofchange in collision angle for material used.

Fig 5 : the average ofcosine ofscattering angle as a function ofdensity ofused
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Fig 6 : the maximum fractional loss of energy as a function of mass number ofthe used material.

The fractional loss of neuton energy was calculated
when colliding with the nucleus of material atoms and
various angles ranging from ( 100 - 1805 to determine the
angle in which the neuhons deliven the highest energy
and the angle in which it delivers the lowest energy to
the atoms when they collide in the center of mass axes.
Materials of different mass number and density were
used to determine the impact of these physical constants
on the amount of energy lost by the neuton during
collision.
Figure 3: shows the percentage of fiactional energy loss

ofneutron (E/ Eo) as a function ofscattering angle / for
different materials. The hhure shows that amount
fractional loss of energy of neutrol as a fraction which is
called fractional energy loss and is given as percentage.
The figure shows that the amount of fractional loss of
energy by the neufion increases with the increase ofthe
value of scattering angle but the increase is not linear.
The figure includes all the material used in the study and
show the ord€r of the material according to the increase
in the arnount of fractional loss and it is shown from the
figure that the material which are lowest in fiactional
loss are Eu2O2 which is the heaviest material (larger in
mass number) followed by Au, Cd, Mn, Al, C and the
highest of the material losing energy is He which is the
lightest ofthe material used.
In figure 3 the amount of &actional energy lost when
colliding in the C- axes which means a collision angle

/ while the angle of scattering in the L- axes is d. We
used eq. (14) to determine the relationship between the
two scattering angles.
In figure 4 The Relationship between the ratio of
scattering angles (sin2 0 I sirl2 ) which is the sine of
the scattering angle in the L- axes / sine of the scattering
angle in the C- axes as a function of change in the
scattering angle of the neuton when colliding with the
nuclei of the atoms. The figure shows that the ratio
(sin'] , / sin2 ) is less than unity for the scattering angles
between (00 - 900) and equal to onc at an angle of 1000

that means that the angle of scattering equal in both C -
and L- axes while at an angle more than 1000 and less or
equal 1800 the mtio more than one which means that the
scattering angles at L- axes is less then the scattering in
the C- axes at collision angles which are lower than 1000
because the component of the yelocity of center of mass

Vc at the L - axes is added to the scattering velocity for
the neufon thus the neuhon shows scattering in favor for
the L- axes. The curves for all the material are shown in
the figure show the material have a (sin2d / sin2 ; less
and ranking them according to this ratio. The hgure
shows that the curves of the used material cross in
alnost the same point when the scaftering angle of the
colliding neutron is equal to 1000. The figure also shows
that the light material which are low in mass number

have the lowest ratio (sin'?A / sin2 ) when the scattering
angle are less than 1000 and the sam€ material have the
highest ratio(sin'?d / sin2 ) when the scattering angles
are larger than 1000. thus, the ordfl of the material
according to their mass number before and after the
inversion point at 1000.
f isure 5 : The average ofcosine the angle of scattering
on the L- axis was calculated using the formula 20. The
average was drawn as a function of densities of material
used in the study. From the figure it is shown that th€
relation is almost expon€ntial between the d€nsity of the
material and the ayerage ofcosine the angle ofscaftering.
ln other words, whenever the density is lower the
average of cosine the angle of scattering increases,
except for an irregular point at the density of Eu2O2
because this material is an oxide and not a pure element.
Fiqure six : lt was found fiom the figure 3 that the
maximum &actional loss of the neutron energy takes
place at an angle of 1800 that means that the neutron
gives the maximum amount of energy to the nuclei of
the atoms when colliding with them. The maximum
fiactional loss of energy was drawn as a function of
change in mass number for the used material. The figure
shows that the relationship is exponential. Whenever the
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mass number decreased, the amount of maximum energy
loss increases, thus, light material like water and graphite
are used to attenuate the neutrons in nuclear reactors.

5. Conclusions
The highest average of cosine of scattering angle in the
laboratory axes take place at the lowest density of the
material used and the results show that the scattering
angle in the laboratory axes is less than the scattering

6. Reference :

l-Book of abstracts for peresentation and posten.
"Imaging and neutron". Oak Ridge, Tennessee 37831.
usA. (2006)
2- Szilard L, Feld B, Asbkih J, Bemstein S. "Inelastic
scatte ng of fast neutons by Fe, Pb, and Bi". Rev. 731.
(1e48)
3-Johnson C.H, Barschall H.H "Introduction of fast
neufons with nitrogen" phys. Rev.80. (1950)
4- Boufraqech, A. Peto G. Csikai J. "Removal cross
section for 14.8 MeV neutrons". Acta physics Hungarica
Vol.s5. (198a)
s-Pietropaola A, Andreani C, Algelo A.D, Senesn R.
lmberti tardochi M, Rhodes N, Schooneveld E.S.
"detectors for deep inelastic neutron scattering in the l-
100 eV energy region". Appl. Phys. A-74. (2002)
6-Vega-Carrillo H.R, Torres M.C. "Low energy neutrons
from PuBe isotopic neutron source inseted in moderating
media" Revista mexicana Defiaica 48. (2002)
7-Barbeau, P.S, Collar, J.I and Whaley, P.M. "Design
and haracterization of a neutron calibration facility for
sub - KeV Nuclear Recoils". (2007)

angle at the axes of center of mass collision angles

less than 1000 and it was found
sin2 ) is the lowest for the light ma

of inversion and the ratio (sin'?d /
the same material after the point
material that cause highest loss in
those with the lowest mass number.

S-Raymond L. Murray. "Nuclear
Raleigh, North Carolina (2000)
9-Lamarsh. J. R. "Introduction

before the point

'] ) is highest for
inversion. The

enerSy are

". Fifth ed

nuclear Reactor
theory". Addison -Wesley pub Com. (1966)
l0-Knoll. G. "Radiation detection measurement".3'd
ed. John wiley and sons. New york. ( 979)

tor physics". John

12-Byme. J."neuton nuclei and " institute of
physicspublishing: neutronphysic (2oo4)
13-Lamarsh,J.R."Introduction to N lear Engineering"
Wesley ublishing Company, Inc. (l
l4-Krane. K. S. "Introductory N
Wiley and sons. (1988)

5)
Physics". John

l5-Dokhane. A. "Themral N
(2007)

,, PHYS487. KSU

16-Munay, L. R. "Nuclear Reactor ysics". Macmillan
and co. Ltd (1981)

ll3*ll ge 4-.t1,-i & Or-Fs*ill iil! s.i ,Jt .A dici -. t ,-
,!"1*l ,* Jls

jtlJt t &)s . .1)si i-L , 1--J1ll +ls , ,ulill .i

Hc, C, Al, Mn, Cd, Au, Eu2O2 L.j- si.SI $L liE:- rly 4- r-:L-: & ,.-r-r-!-:rJl iltl. vi lrJ..s -.JL"i
u.LI

i -. r^ d e-,} .h{r

-. [* t:-J ir r+f 10"-180' iiEi- ir-t^-.6 lrl.j,,.r Jd .n C. a.ll^-: .r:o a:-i,J- I i d ir.J",sll gl^ uc );i .

ji Jl rrlll ijl j ".)Ur{ rhrlr .(-r,r 100";.i.; rert, ric slrl arrt- jF i-Jl .n ;l UcUitt o*U t, (sin'?o / sin' )i.'"iit
ql i-+ r$l Jl .l.j

185

1l-Weston M. Atacey. "Nuclear
Wiley & sonc, Inc. (2001)

the ratio (sin29 /


