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Abstract

The calculated neutron yields from (o, n) reactions are very important in analyzing
radiation shielding of spent fuel storage, transport and safe handling. The cross sections of
®3Cu (0, n) ®°Ga and *Cu (o, n) ®Ga reactions are calculated for different a-energies using
different sets of programs using Matlab language. The values deduced energy is from
threshold to E,= 30 MeV and to E,= 40 MeV for ®Cu (o, n) **Ga and ®*Cu (0, n) ®Ga
respectively. The weight average cross section was then used to calculate the neutron yields
yo (n/10%x) for each reaction .The empirical formula was then suggested to calculate total
neutron yield to each isotope.
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Introduction

The nuclear data on (o,n) reactions play an important role in the fields of radiation
shielding and critically safety relating to storage,transport and handling of spent fuel [1],as
well as for the design and operation of a nuclear fuel cycle facility and particle accelerator
facility [2]. The cross section for Cu (o, n) °®Ga has been measured for E,= (7.8- 46) MeV
by Levkovskij. (1991) [3] and the cross section for ®*Cu (o, n) ®Ga reaction has been
measured for (8-37) MeV by Zhukova at. et al [4] and for (7.8-42.5) MeV by Bryant at .et al
[5] and for (8-40) MeV by Porile and Morrison [6] and for (8-38) MeV by Zweit at .et al [7]
and for (8-38) MeV by Singh at .et al [8] . The cross section for®>Cu (o, n) ®®Ga reaction has
been measured for E,= (9- 45) MeV by Bhardwai [9] , and measured for (7.8- 46) MeV by
Levkovskij. (1991) [3], and for (7.8- 46) MeV by Bryant at. et al [5], and for (7.8- 40) MeV
by Porile at. et al [6], and for (7.8- 41.7) MeV by Bonesso. et al [10], and for (8.9- 40) MeV
by Singh at. et al [8], and for (8.5-36.3) MeV by Szelecsenyi. et al [11]. In JENDL the total
cross section and neutron yield for these reactions have been presented [12 ].The cross
sections evaluations for (a,n) reactions for™Cu and®™Cu target elements are calculated
according to the available international atomic energy agency (IAEA) libraries and other
experimental published data[12]. The stopping power depends on the type and energy of the
incident particle and on the properties of the materials it passes. In passing through matter ,fast
charged particles ionize the atoms or molecules which they inter. The yield for a target having
any thickness can be defined as the ratio of the number of nuclei formed in the nuclear
reaction to the number of particles incident on the target.

Thick target yield is defined for a fixed macroscopic energy loss ,Ei, -Ew, in a thick
target. Integral yield is defined for a finite energy loss down to the threshold of the reaction
,Ein-Etn .The recommended cross sections discussed in the present work and the target
stopping powers of SRIM program 2003 [SRIM 2003] were used to calculate the alpha yield

for a target of significant thickness .

Data Reduction and Analysis

The Q-values and threshold energies of these reactions were calculated by using the
atomic mass obtained from the following equations [13] :
Q=931.5 [My +My - My-My].............. (1)

En=-Q [1+M/My].....ceeeiveeeen. (2)

Where M, represents the mass of neutron and M, My and My are the atomic mass (in
amu ) of “He ,target and product nucleus respectively. The cross section data of **Cu(a,n) **Ga
were published by [ 3-8] and of ®*Cu(a,n) ®®Ga were published by [3,5-6,8-10]. These data
are plotted, interpolated and recalculated in steps of 1 MeV from threshold to 30 MeV for
®Cu and from 9 to 40 MeV for ®*Cu by using different sets of programs using matlab
language to obtain weighted average values for each reaction.

*The normalization for the statistical distribution of cross sections errors to the corresponding
cross section values for each another has been done .

*The interpolation for the nearest data for each energy interval as a function of cross sections
and their corresponding errors have been done using matlab program.

*The interpolation values were calculated to obtain the adopted cross section which is based
on the weighted average calculation according to the following expressions [13] :

n gi

_—=1@o?
e PP ()
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Where the standard deviation error is
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S D=— i (B)

n 1
i=1(A0-i)2

Where o; is the cross section value, Ag; is the corresponding error for each cross
section value.

Neutron Yields

For an accelerating beam trans versing a target ,the occurred nuclear reactions produce
N light particles per unit time and is given by [13] :
Y=Iy,NdoX ovceoveve (5)

Experimentally the yield of neutrons detected per incident particle Y,, for an ideal ,thin and
uniform target and mon energetic beam of energy E is given by [13] :

Y, = (Ndx)a(E,)n(Ep) e .... (6)

Where Ndx is the areal number density of target atom and n is the neutron —detection
efficiency for a target which is not infinitesimally thin, the beam loses energy as it passes through
the target and the yield is then given by [14]:

Y, =f§tb% (D)

Where E;is (E, — AE) where AE is the energy loss of the beam in the target, f is the
number of target atoms in each molecule, and Z—f{ (E)is the stopping power per target
molecule, if the target is sufficiently thick, and there exists one atom per each molecule
(i.e.f=1) and taking n(E) = 1 ,then the resulting yield is called the thick —target yield which
is given by [15]:

o(E)dE

Y(Ep)=fy" i (8)

Where E,;, is the reaction threshold energy. Thus by measuring the yield at two closely
spaced energies E1 &E2,0ne can determine the average value of the integrand over this
energy interval as follows [15]:

E Y(E,) — Y(E;
[UCEE) Ep = (Ez —El( )(9)
dx

Where E, is the average of E1 &E2,if a(E) is the cross section which is available in the
literature as a function of projectile energy E; for natural elements, then the neutron yield can
be calculated using equation (9)

Results and Discussion
A-Cross Section Calculation

The Q-value and threshold energies for ®Cu(a,n) ®Ga and **Cu(a,n) ®®Ga  are
presented in the table (1). The adopted value of cross section which is calculated in the
present work are presented in the figures (1,2) from threshold to E,=30 MeV and to E,=40

97 | Physics



2014 ple 2 3axd]) 27 aloch|

cspubad] gsapeal glel il o
Ibn Al-Haitham Jour. for Pure & Appl. Sci. |

Yol. 27 (2) 2014

MeV for *Cu(o,n) *®Ga and *Cu(o,n) ®®Ga respectively. In each figure, the cross sections are
compared with those deduced from the previous measurements.
B-Yield calculation

Neutron vyields for ®*Cu(a,n) ®*Ga and ®*Cu(a,n) ®®Ga reactions calculated from
reproduced cross section refs. [3-8], and [3,5-6,8-10] are presented in figures (3,4) together
with the calculated weighted averages. The results obtained are consistent with each other.
The neutron yields calculated in the present work have been considered as adopted neutron
yield values by using the adopted neutron yields as an input data ,a matlab computer program
have been executed to obtain the fitting parameters A& B for the power which fits formula
equations
For ®*Cu(a,n) *®Ga reaction is:

f(x) = al*exp(-((x-b1)/c1)"2) + a2*exp(-((x-b2)/c2)"2) + a3*exp(-((x-b3)/c3)"2) + ad*exp(-

((x-b4)/c4)"2) + a5*exp(-((x-b5)/c5)"2) + a6*exp(-((x-b6)/c6)"2)..................(10)
al = 70.51
bl = 31.18
cl = 1.435
a2 = -403.3
b2 = 28.16
c2 = 3.197
a3 = -918.5
b3 = 24.83
c3 = 3.953
a4 = -55.09
b4 = 21.07
c4 = 2.537
ab = 1879
b5 = 26.03
cS = 6.429
a6 = 120.3
b6 = 15.81
c6 = 4.015

And for ®*Cu(a,n) *®Ga reaction is:
F(x) = al*exp(-((x-b1)/c1).”2) + a2*exp(-((x-b2)/c2).72) + a3*exp(-((x-b3)/c3)./2) +
ad*exp(-((x-b4)/ca).~2)............(11)

al = 4547
bl = 21.55
cl=  5.059
a2 = -4067
b2 = 21.57
c2= 4,947
a3= 8439
b3 = 31.69
c3=  8.037
ad = 48.48
b4 = 14.23
c4d=  3.291
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Conclusions

In the present work, the more recent cross section of (a,n) reactions for intermediate
nuclei are reproduced and used to calculate the neutron yields at different a-particle energies
.The obtained n-yields have been formalized using fitting procedure, as well as empirical
formula has been established which combines the variation of n-yields with projectile kinetic
energy and target atomic .
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Table No.(1):Q-values and threshold energies for (a,n) reactions with ®cu,®Ccu

Reaction Threshold energy (MeV) | Q-value(MeV)
®Cu(o,n) *°Ga 8.16+0.03 -7.513+0.032
®Cu(o,n) *°Ga 6.16+0.04 -5.843+0.12
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Figure No .(1) : Cross sections of **Cu (a, n) ®°Ga reaction

o0l | | | ' H.D.bhardwal.at.el |
V_N.Levkovskij
800 - E.A.BRYANT.at.el
' N.T.PORILE .at.el
700 - O.Bonesso.at el
B.P.Singh.at.el
g 600 - Average Value
s
= 500 i
3
w
o 400
8
o
300
200
1001/ i
| | I | _

10 15 20 25 30 35 40
Energy (MeV)

Figure No.(2) : Cross sections of ®>Cu (a, n) ®*Ga reaction
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Figure No.(3) : Total Neutron yield of **Cu (e, n) ®*Ga reaction
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Figure No.(4) : Total Neutron yield of ®Cu (a, n) ®*Ga reaction

U O (3R e ) Do st 4 g A gudl) Apumnall Ay 2l dipeal
®cu s

p o pali AL
daalal) WOldl AlS ¢ liulall s dnia and
S daaa il
O e ddile
3y dralae alagl (pl 8 yual) o slall Ay il 4 ol 3l anid
ash) il (g 355 alad)
An il s s

2013 Js¥) G 10 Gl 38 ¢ 2013 e 9 duaydl alin)

LAl

Jdthaall 348 6l &Y e Gﬁtd\ tu:;.y\ Jalas Gs Jas daga (a, n)gla).cl.i'ﬂ gy el Alpaadl Gililus o)
xie ®Cu (0, n) *°Ga 5 Cu (a, n) PGa el pm joll @hliall Cumen | 41 A0aY) Aldadl g ali 5 a3y 855
Bl e W clile e ) Cpms 3AY) 5 285 ¢ ke daly el de gene Jleninly Aali) L4l s
pda Caaadiul g ¢ Nl e ®°Cu (o, n) ®Ga s*Cu (0, n)*°Ga Jelil 40MeV Vs 30 MeV I dgall
a8l Gy g ¢ Jelin JS3 (W sale/ 5 53 55) Yo Aisisail) Alsand) Glua (4 455 ) sal) dpia g2l adaliall £l
- Cposhail) IS (8K (5 55 gl Apan Cluad A i) Al

. AﬁJﬂ\ M\c ‘;AAJRJ‘ &Eﬁ.d\ ¢ @3)33:\.'\5\ M\:Aﬂ;ﬁd\ Cilalsl)

102 | Physics



