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A systematics is proposed for the (n,a) reaction cross-sections based on the statistical
model, with consideration of the Q-value dependence and odd-even effects. An empirical
formula for odd-A and even-A nuclei is presented for the (n,&) reaction cross-sections at
14.5 MeV neutrons and the target mass range 26<A<238. The present formula is compared with

other recently proposed systematics based on the statistical model and the asymmetry parameter
dependence.
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1. Introduction

Precise measurements, calculation and evaluations for the (n,a) reaction cross-
sections around 14MeV neutrons are required for the improvements of model
calculations and for radiation damage assessment of fusion-related structural materials.
Recently a series of measurements have been carried out and a number of compilations
and systematics have been presented for the (n,o) reaction cross-sections around
14MeV neutrons[1-19]. In the present work a systematics is proposed for the (n,o)
reaction cross- sections based on the statistical model. An empirical formula for even -
A and odd-A nuclei is presented for the (n,a) reaction cross-sections at 14.5MeV
neutrons and the target mass range 26<A<238. The formula is based on the statistical
model, with the dependence on the Q-value and odd-even effect correction taken into
consideration. The systematics for the (n,a) reaction cross-sections using the present
formula is compared with other systematics based on the statistical model and
asymmetry parameter dependence[13-19].

2. Empirical Formula

2.1 Present Formula:
Following a similar procedure to our previous paper[20], we have for the (n,o)
reaction cross-section on the basis of the statistical model :

Cna= Or Lo/ Ty 1)

where : or = the reaction or formation cross-section for 14 MeV neutrons.
I'c = the decay width for an alpha particle.
I'n = the decay width for a neutron.

The decay width I'y for an alpha particle can be written by means of the
principle of detailed balance as follows :

B (2Sa +l) M Eq-Ba-64

ra - a
7% pga(Eq) Va

Eq0c(Eg )pb (Eb )dga 2)

where S, and M, are the spin statistical factor and mass of alpha particle, respectively ;
B. and 3, are the separation energy of the alpha particle and the odd-even character of
the nucleus, respectively; p.(E,) and ps(Es) are the level densities of the compound
nucleus and residual nucleus, respectively ; E, and E, are the excitation energies of the
compound and residual nuclei, respectively ; Vj is the coulomb barrier of the alpha
particle and €, and o, are the emitted alpha particle energy and the cross-section of the
reverse process, respectively .

When the energy of the incident neutron is not too high, the inverse cross-section
remains approximately constant and can be taken as follows:
for neutrons : o (g, = nR?
for alpha particles : o (e,) =nR*(1-V, /eo) for £o> Ve

=0 for e,<V, 3)
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where  (1-Vq /eq) is the probability for the barrier penetration for an alpha particle in
the classical limit, €, is the emitted neutron energy and R is the nuclear radius.

The level density can be approximately expressed as the function of the entropy of
the nuclear system :

Po(Ec)/ po(Es) = €xp[Su(Es) - Su(Ea)] )

with the entropy of the system given by :
 dSEE =T ©)

where T is the nuclear temperature. Thus
St (Eb) - Sa(Ea) = (Es-E)/T = - (84+But80)/T ©)

By substituting the relations (3 - 6) into eq(2) the following expression can be
obtained:

) 1 E4-By -6,
(jj; Jrt g2 Vfa Y eqU-Vy leg)expl- (eq + B +6,)1 The, O
1 a

Iy =

Integration of eq(7) gives for the decay width of an alpha particle :

" Q§a_21)MaT2R2(1 Vgl )expl-(By +85 +V, 7] ®)

h

and similarly for the decay width of a neutron :

T, ~ (2S”2+ ) M,T*R? exp[-(8, +B,) /7] ®
h

where S, and M, are the spin statistical factor and mass of the neutron, respectively;,
B.and 3, are the separation energy of the neutron and the odd-even character of the
nucleus, respectively.

Thus the (n,a) reaction cross-section will be (substituting in eq(1)):

2Sa+l) M, (Qna_VaJ )
G,y =0 —\1-V, /¢, )Jexp| ——— (10)
na R(zs,,n M,,( @) T

where Quo =B, -By +8,-8, is the effective Q-value of the (n,a) reaction .

Using the semiempirical mass formula for the effective Q-value we get:
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Ona =4 +ac(22A'1/3 ~(z-2)*(4-3)" ~2519 )+

2 2 -1
ag((4-22) a7 - (a-2241)"(4-3)" )
where a. and a, are the coulomb and asymmetry parameters, respectively, and a; is a
constant taking into consideration the other terms of the semiempirical mass formula .
Inserting eq(11) into eq(10) we get for the cross-section of the (n,a) reaction :

M Q 14
Ona =OR -—aexp(ao + 22 -—i) (12)
’ M, T T

(11)

where a9 =Inc(1-Vo/e,) with c=(2Sq +1)/(2S, +1) , T = (E./a)"?,with a=(A/15)
MeV"' is the level density parameter and E, is the incident neutron energy; or =

72 (1+A%) mb is the reaction cross-section and r, = 1.4 fm.

2.2 Other Formulae:

The relation obtained by Gul [15] for the (n,&) reaction on the basis of the
statistical model is:

( 1/3 )2 (z-15)  (4-2z+05) (z-2)
=4'° +1) Lex
+ exp[ao +a) TA1/3 +a, TA +as EI.AIB

1 a3

na

where a; =4a., a,= a, with a. and a, coulomb and asymmetry parameters, respectively;
ao=In(cimro®)+ay and c;, a ,a; are constants; E;is taken as incident energy of the
neutron. The present formula is compared with Gul’s relation as well as with formulae
based on the asymmetry parameter dependence proposed by Levkovskii , Ait-Tahars ,
Kasugai , Forrest and Csikai[14,18,17,15,13] .The proposed formulae are as follows:
Levkovskii :

2 N-Z
Opna = cl(A b3 + 1) exp(c2 ( )) 31<A<202 (14)
’ A
Ait-Tahars :
2 N-Z+1
Ona = 03(A1/3 + 1) exp(c4 b ) 40<A<188 (15)
’ Y
Kasugai :
N-2Z
Cna =C5 exp(c6 y ) 19<A<188 (16)
Forrest :
v3 )2 N-Z N-7)?
O = 07(,4 +1) ol eg( == )+ T 4o 4 202550 (17)

2 N-Z
ona =¢ (47 +1) exp(clz-—-+c A) 50<7<82 (18)
A 13
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Csikai :

2
2 N-Z N-
crn,a=cl4(Al/3+l) exp[cls(( )+( Az) )J 19<A<202  (19)

A4

3. Fitting Procedure

For fitting of the Q-value of (n,a) reaction cross-section eq(11) can be written as :
where X=a,, Y=a., Z=2a, and K=Q,,

with & = (22,4‘1/3 ~z-2%u-3»"3_2519)

b, = (4-22)247 —a-2z 42043

For fitting of the (n,ar) reaction cross-section eq (12) can be written as

K =X -aY 21)
v Ma
K = —2y_
where ln(an,a /(aR v; ) Qn,a/T
n

X =Ilnc(1-v,/s,)

with ¢ = (25, +1)/(25, +1)

Y = Vo, and a, = (1/T)

The Legendre method of least squares [21] can be applied to eqs(20) and @1 to
obtain X,Y,ZX and Y . We choose X,Y,Z X and Y such that the sum of the squares of
the errors is least :

ie.
n 2
Y W+b v+p z-x )
S=1 1s 2s K}
n ( ' )
and z(x -a Y -K )
s=1 1s s

is minimum for eq(20) and eq(21),respectively,where n is the number of the data
points.
The corresponding relation for eq(13) can be written in the following form:

K =X +b Y +b 2Z
1 2

+b “F (22)
3

where X

= m(a,,,a 14?3 +1)2)

O 2 '
X'"= lr(clnro )+ ao
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" "

Y =4a,,Z =a;,F =constant

v (z-15) o (4-2Z+05) v (z-2)
bi="—p=ba="—"7—" and b3 =-——g
T4 T4 E;A
The Legendre method of least squares can be applied to eq(22) to obtain X", y", Z"and
F such that the sum of the squares of the errors is least i.e.

2
n " e "won " " . ..

> (X +bl Y +b2 Z +b3 F-K ) 1S minimum .
S:l s 3y 5 s

The input data used in the present fitting of the Q-value for the nuclides under
consideration were taken from ref [22]. The input data used in the analysis of the (n,a)
reaction cross-sections, taken from refs [23,24], are given in Tables 1 and 2 for even-A
and odd-A nuclides, respectively. The systematics parameters for the eqs(14-19) have
been extracted from the analysis and fitting of the available data of (n,a) reaction
cross-sections at 14.5MeV neutron energy (given in Tables 1 and 2) using the least
squares method .

4. Results and Discussion

4.1 The Fitting Parameters

The proposed formula used in the present work for studying the systematics of the
(n,0) reaction cross-sections (given by eq (12)) is based on the statistical model of
nuclear reactions. The formula contains two physical parameters related to the
semiempirical mass formula, namely the coulomb parameter a. and asymmetry
parameter a, . In addition, the constant a, isincluded to take into account the other
terms of the semiempirical mass formula, besides the effective coulomb barrier V, and
a0 = Inc(1-V / o ) which includes the probability of the barrier penetration in the
classical limit .

The input parameters are the atomic number, the mass number, the measured cross-
section for a given nuclide at the incident neutron energy of 14.5MeV and the level
density parameter a = A/25 MeV . The mass excess of the target and residual nuclei
as well as the excess mass of the neutron and alpha particle are also required for the Q-
value fitting .The best fit of the parameters ay, a; ,a. and a, are given in Table3(a), for
even-A and odd-A nuclides.

The corresponding values obtained for the Gul formula ( given by eq(13)) are also
presented in Table3(b) for comparison.The values obtained for the coulomb and
asymmetry parameters using the present formula for even-A nuclides are 0.473 and
13.282MeV, respectively. The corresponding values obtained for odd-A nuclides are
0.492 and 15.995MeV. It is evident that the values for even-A nuclides are smaller
than the corresponding values for odd-A nuclides. The values obtained using the
present formula for the effective coulomb barrier V, and the probability of the
coulomb barrier penetration Inc(1- Vo / , ) are also smaller in the case of even-A
nuclides as compared to odd-A nuclides. This indicates variations for even-A and odd-
A values of the parameters involved in the cross-section determination of the present
formula . It is observed that the Gul relation has the same values of the parameters for
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even-A and odd-A nuclides. Also the values obtained by the Gul relation for the
coulomb and asymmetry parameters are smaller than those found in the present
systematics. However, the values of the parameters in the present systematics are
nearer to the values given in the literature for these parameters than those obtained
from Gul’s relation.

4.2 Comparison with other Systematics

The predictions of the systematics based on the present formula are compared with
those obtained by Gul's relation and by other systematics for the (n,o) reaction cross-
sections at 14.5MeV neutron energy .

The fiting of the empirical expressions given by Levkovskii and Ait Tahars[14,18] to
the measured data given in Tables 1 and 2 confirms the straight line trend of the (n,or)
reaction cross-sections versus the asymmetry parameters (N-Z)/A and (N-Z+1)/A,
respectively. Other formulae given by Forrest [15] and Csikai[13] , with an additional
term in the exponential, are able to give substantial improvement in fitting the data . A
comparison between six systematics under study is given in Table 4. As shown in Table
4 the present formula is successful in a wide range of Z and A values, with splitting of
the data to even-A and odd-A nuclides, in addition to improvement in the Q-values for
the reaction under consideration.

Comparisons of the ratio of the experimental to calculated (n,ot) reaction cross-
sections obtained through six systematics for even-A and odd-A nuclides are shown in
Figs. 1 and 2, respectively. As can seen from Fig.1 for even-A nuclides there is good
agreement between most of the predictions of the present and other systematics and
experimental values. The disagreement between the six systematics is observed in the
following reactions:

“Ge(n,)Zn, Mo(n,)”’Zr, Pd(n,0)'*"Ru, *“Nd(n,0)*'Ce, *°Ce(n,c)*""Ba,
“2Ce(n,c)"**Ba and *?Sm(n,o)'*Nd. In these reactions the experimental values of
(n,o) reaction cross-sections are higher than calculated values.

As can be seen from Fig.2 for odd-A nuclides there is also agreement between most of
the predictions of the present and other systematics and experimental values. The
disagreement between the six systematics and experimental values is observed in the
following reactions:

*'Br(n,c)" As, ' Au(n,o)"**Ir and "*Ga(n,c)*Cu. In the reactions *'Br(n,o)"*As

and "'Ga(n,0)**Cu the experimental values of the cross-sections are higher than the
calculated values, while in the '’Au(n,a)®Ir the experimental value of the cross-
section is lower than the calculated value.

A good fit for the cross-section values obtained by the present formula taking into
account the odd-even effect correction is given by the following formula:

Opa = (1+ A1’3)2,1/exp(ﬂ(N -Z+6)/ A) (23)

where x and B are fitting parameters and § is the odd- even character. They have the
following values:

For odd-A nuclides: ¥ =35, B =-35.714 and § = 0.

For even-A nuclides x=3.6, B =-25and § =-3.

The systematics of the (n,o) reaction cross-sections using eq(23) is shown in Fig.3,
where o(n,o)/(1+A'?)? is plotted versus the asymmetry parameter (N-Z+8)/A for odd-
A and even-A nuclides. It can be seen that the odd-even effect exists in the (n,or)
reaction cross-sections. The curve of odd-A-nuclides is located above that of even-A
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nuclides. We also note that the slope of the curve is larger, and the decrease of the
cross-sections of odd-A nuclides is faster. It is clear that with increasing (N-Z+3)/A,
the odd-even effect decreases.

For comparisons between the various systematics the following quantity was
proposed[13]:

n

F= Zlqdexps ~ %l |)/ Ocal,
s =

The value of F/n can characterize the goodness of the systematics ,where n is the
number of data points used.

Finally, we conclude that the results obtained using the present formula are in good
agreement with those obtained by other systematics , especially in the case of odd-A
nuclides. It is to be noted that while in the present formula different values for the
coulomb and asymmetry parameters for even-A and odd-A nuclides were obtained, in
the Gul formula the same values have been used for both even-A and odd-A nuclides.
It is to be noted that the present formula gives better results for the coulomb and
asymmetry parameters and also shows clearly the presence of the odd-even effect and
the faster decrease in the case of the odd-A nuclides.
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Table(1): Measured and Calculated data for (n,a) Reaction Cross-Sections
at 14.5MeV Neutrons for Even -A Nuclides

No. Reaction Cross-sections (mb)
Exp Present Ratio Levkovskii Ratio
1 ’;Mg(n, o )°Ne 77+8 122.84 0.63 - -
2 Si(n, a )*'Mg 70+10 104.16 0.67 - -
3 *S(n, o )*'si 138435 90.51 1.52 - -
4 Far(n, @ )'S 10+1.5 37.02 0.27 - .
5 *ca(n,0)*" Ar 35+8 35.43 0.99 19.81 1.77
6 Bca(n,o) TAr 138+20 147.52 ©0.94 323.32 0.43
7 *Ti(n,a) ©Ca 313 34.38 0.90 26.26 1.18
8 Ti(n,a) “Ca 9.5+2 16.98 0.56 8.53 1.11
9 Scr(n,a)” Ti 14+1.2 17.35 0.81 11.73 1.19
10 *Fe(n,0)’ Cr 98+15 62.64 1,56 118.76 0.83
11 %Fe(n,o) >Cr 2146 17.88 1.17 15.47 1.36
12 Ni(n,a) > Fe 21+3 18.61 1.13 19.75 1.66
13 %Zn(n,a) ©Ni 9+1 10.82 0.83 10.81 0.83
14 "Ge(n,a) "Zn 14+3 3.67 3.81 3.26 4.29
15 "Ge(n,a) '9Zn 10+1.5 6.59 1.52 6.55 1.53
16 ®Kr(n,o) 29S¢ 1.240.1 2.78 0.43 2.99 0.40
17 %0Z¢(n,a) TSt 2.8+0.4 10.67 0.26 15.42 0.18
18 ¥Zr(n,0) °'sr 5+1.0 3.84 1.30 4.84 1.03
19 %Mo(n,a)™ Zr 18+2 19.85 0.91 33.21 0.54
20 ®Mo(n,a)”® Zr 1416 2.75 5.09 3.54 3.96
21 ®pd(n,a) Ru 5.6+0.7 6.40 0.87 8.76 0.64
22 ®pd(n,a) °Ru 2.6+0.4 3.99 0.65 5.35 0.49
23 "Pd(n,a)"” Ru 13.846.2 2.47 5.59 3.33 4.14
24 ™2Cd(n,0) Pd 3.140.3 4.82 0.64 6.45 0.48
25 “Nd(n,0)*" Ce 10£1.0 3.22 3.1 3.52 2.84
26 sn(n,a)™ cd 1.1+0.08 3.72 0.30 4.90 0.22
27 Ba(n,a) ~9Xe 2+0.2 1.27 1.57 1.74 1.15
28 “Oce(n, )™ Ba 11£1.0 2.51 4.38 2.99 3.68
29 “2Ce(n,a)™ Ba 6.5+1.0 1.64 3.96 2.09 3.11
30 FNd(n,o)™ Ce 2.6+0.3 2.13 1.22 - 2.48 1.05
31 2Sm(n,a) “Nd 9+3 1.84 4.89 2.09 4.31
32 2py(n,0)™ Gd 3.56+0.36 2.14 1.66 2.11 1.69
33 *Dy(n,a) *'Gd 0.9+0.1 1.44 0.63 1.46 0.58
34 "Hf(n,a) YD 2.1+0.2 2.37 0.89 1.85 1.14
35 Hf(n,o) 7 Yb 2.2+0.2 1.63 1.35 1.41 1.56
36 BW(n,0) "OHS 0.85+0.1 1.53 0.56 1.25 0.68
37 0os(n,a) W 0.5+0.1 2.09 0.24 1.45 0.35
38 pt(n,a) ®0s 1.26+0.25 2.86 0.44 1.67 0.75
39 ®pt(n,a)™ Os 0.55+0.11 1.99 0.28 2.46 0.22
40 xiggn,a) “'pt 1.7740.4 2.75 0.64 1.49 1.19
41 Hg(n,ag p¢ 1.0+0.1 1.93 0.52 2.18 0.46
42 Pb(n,a)” Hg 1.58+0.2 1.89 0.84 - -
43 2 Th(n,0)? Ra 4.6+1.2 2.68 1.72 - -
44 ZBY(n,0)>Th 1.5+0.3 1.98 0.76 - -




Table 1: (continued)
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No. | Forrest | Ratio Ait- Ratio Csikai Ratio Kasugai | Ratio | Gul Ratio
Tahar
1 - - - 27.49 2.80 34.21 2.25 -
2 - - - 40.06 1.75 44.06 1.59 -
3 - - - 53.69 2.57 - - -
4 - - - 16.89 0.59 19.34 0.52 -
5 31.64 1.11 15.73 2.23 23.51 1.49 24.23 1.44 32.01 | 1.09
6 178.98 0.77 272.8 0.51 294.41 0.47 227.92 0.61 98.69 | 1.40
7 34.19 0.91 22.44 1.38 30.99 1.00 29.21 1.06 32.33 | 0.96
8 17.19 0.55 7.09 1.34 10.06 0.94 11.83 0.80 19.49 | 0.49
9 19.50 0.72 10.37 1.35 13.92 1.01 14.72 0.95 20.07 | 0.70
10 | 72.48 1.35 117.27 0.84 126.91 0.77 91.45 1.07 53.89 | 1.82
11 | 20.586 1.01 14.43 1.46 18.42 1.14 17.79 1.18 20.67 | 1.02
12 | 21.92 0.96 19.29 1.09 23.49 0.89 20.97 1.00 21.31 | 0.99
13 | 13.97 0.64 10.72 0.84 12.77 0.70 12.53 0.72 14.31 | 0.63
14 | 6.40 2.19 3.20 4.38 3.57 3.92 4.65 3.01 6.69 2.09
15 | 9.48 1.06 6.58 1.52 7.56 1.32 8.14 1.23 9.96 1.00
16 | 4.95 0.24 3.07 0.39 3.23 0.37 4.11 0.29 5.27 0.23
17 | 10.50 0.27 17.38 0.16 18.31 0.15 14.72 0.19 12.49 | 0.22
18 | 5.28 0.95 5.24 0.95 5.43 0.92 5.79 0.86 6.09 0.82
19 | 15.26 1.18 39.09 0.46 39.31 0.46 26.71 0.67 19.04 | 0.95
20 | 3.97 3.53 3.85 3.64 3.86 3.63 4.41 3.17 4.66 3.00
21 | 5.48 1.02 10.11 0.55 10.17 0.55 8.78 0.64 7.60 0.74
22 | 4.08 0.64 6.07 0.43 6.02 0.43 5.91 0.44 5.47 0.48
23 | 3.09 4.47 3.71 3.72 3.59 3.84 4.03 3.42 3.95 3.49
24 | 419 0.74 7.44 0.42 7.34 0.42 16.73 0.46 5.93 0.52
25 | 3.76 2.66 4.19 2.39 3.75 2.67 3.74 2.67 3.12 3.21
26 |6.14 0.18 5.66 0.19 5.45 0.20 5.30 0.21 4.69 0.24
27 | 2.80 0.71 1.99 1.01 1.70 1.18 2.19 0.91 1.92 1.04
28 | 3.62 3.04 3.50 3.14 3.13 3.51 3.33 3.30 2.82 3.90
29 | 2.93 2.22 2.42 2.69 2.09 3.1 2.49 2.61 213 3.05
30 | 3.05 0.85 2.91 0.89 2.54 1.02 2.82 0.92 2.37 1.10
31 | 259 3.48 2.46 3.66 2.09 4.31 2.43 3.70 2.01 4.48
32 | 2.29 1.56 2.56 1.42 2.09 1.70 2.37 1.50 1.93 1.85
33 | 1.91 0.47 1.82 0.49 1.48 0.60 1.86 0.43 1.49 0.60
34 | 1.75 1.20 2.22 0.95 1.79 1.17 2.05 1.02 1.65 1.27
35 | 1.48 1.49 1.67 1.32 1.30 1.69 1.65 1.33 1.29 1.71
36 | 1.29 0.66 1.48 0.57 1.13 0.75 1.48 0.57 1.15 0.74
37 |1.32 0.38 - - 1.34 0.37 - - 1.30 0.39
38 |[1.35 0.93 - - 1.58 0.80 - - 1.48 0.85
39 |1.15 0.48 - - 1.18 0.47 - - 1.17 0.47
40 | 1.17 1.51 - - 1.38 1.28 - - 1.33 1.33
41 | 1.01 0.99 - - 1.04 0.96 - - 1.06 0.94
42 | 0.89 1.78 - - - - - - 0.96 1.65
43 | - - - - - - - - - -
44 | - - - - - - - - - -
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Table(2): Measured and Calculated data for (n,a) Reaction Cross-Sections
at 14.5MeV Neutrons (for Odd -A Nuclides)

No. Reaction Cross-sections (mb)
Exp Present Ratio Levkovskii Ratio
1 ®F(n,0 )N 3347 - - - -
2 BNa(n,o)F 150415 - .- - -
3 Tal(n,a)**°Na 11613 279.56 0.41 - -
4 ¥p(n,a)®Al 118415 229.58 0.51 103.52 1.14
5 Ci(n, )P 112412 77.93 1.44 - -
6 TKr(n,a)Cl 3918 72.43 0.54 33.26 1.17
7 Bsc(n o)?K 5613 68.47 0.82 42.76 1.31
8 SW(n,a)®sc 1643 29.98 0.53 1712 0.94
9 *Mn(n,0)>V 3243 30.49 1.05 22.26 1.44
10 . ®Co(n,a)*Mn 30+2 31.34 0.96 28.01 1.07
11 &Cu(n,o)™Co 35.7+2.5 32.57 1.09 34.32 1.02
12 ®Cu(n,0)*Co 20410 16.23 1.23 14.40 1.39
13 As(n,a)’Ga 1242 9.93 1.21 10.58 1.13
14 Br(n,a) °As 1646 11.17 1.43 13.16 1.22
15 ¥Br(n,o) "As 19+2 5.89 3.22 6.73 2.82
16 ®Rb(n,a)*Br 4.9+0.5 6.81 0.72 8.44 0.58
17 *Rb(n,a)**9Br 1.8+0.2 3.65 0.49 4.57 0.39
18 Y (n,a)*Rb 511.0 7.91 0.63 10.38 0.48
19 BNb(n,0)*Y 9+1.0 9.24 0.97 12.55 0.72
20 Nn(n,a)Ag 2.8+0.5 3.69 0.76 5.60 0.5
21 Bes(n,o) ™1 1.940.3 1.59 1.19 2.77 0.69
22 ™ a(n,n)*°Cs 241.0 1.26 1.59 2.29 0.87
23 ®Re(n,a) ™ Ta 0.94+0.15 1.25 0.75 1.59 0.61
24 r(n,a) ®Re 2.4310.3 1.75 1.39 1.77 1.37
25 Tau(n,o)™ir 0.35+0.02 1.61 0.22 1.58 0.22
26 37|(n,a)™Au 2.2+0.4 1.51 1.46 1.42 1.55
27 Bj(n,0)TI 1+0.05 1.43 0.7 1.28 0.78
28 ®Ga(n,a)®cu 3414 17.54 1.94 18.07 1.88
29 "Ga(n,o)®Cu 6014 8.88 6.76 8.32 7.21
30 BRh(n,0)®Tc 1142 7.35 1.49 10.36 1.06
31 Yag(n,o) ™™ Rh 11.3+3.4 8.84 1.28 12.26 0.922
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Table2: (continued)

No. | Forrest | Ratio Ait- Ratio Csikai Ratio Kasugai | Ratio | Gul Ratio
Tahar

1 - - - - 48.07 0.69 | 62.26 0.53 |- -

2 - - - - - - 78.02 1.92 - -

3 - - - - 88.88 1.31 91.45 1.26 - -

4 - - - - 108.80 1.08 - - - -

5 - - - - 28.99 3.86 - - - -

6 - - 25.66 1.52 38.76 1.01 37.52 1.04 42.11 | 0.93
7 45.83 1.17 35.78 1.57 49.31 1.14 44.05 1.27 41.98 | 1.33
8 25.42 0.63 14.89 1.08 20.37 0.79 20.32 0.79 45.29 | 0.29
9 27.06 1.18 20.51 1.56 26.42 1.21 24.23 1.32 25.83 | 1.24
10 | 28.31 1.06 27.12 1.11 33.10 0.91 28.21 1.06 26.40 | 1.14
11 | 29.17 1.19 34.69 1.01 40.34 .| 0.88 32.21 1.11 27.04 | 1.29
12 | 17.34 1.15 14.18 1.41 17.12 1.17 16.02 1.25 17.38 | 1.15
13 | 11.91 1.01 10.94 1.09 12.48 0.96 11.83 1.02 12.51 | 0.96
14 | 12.27 1.30 14.04 1.14 16.60 1.03 13.74 1.16 13.16 | 1.22
15 | 8.28 2.29 7.02 2.71 7.77 2.45 8.01 2.37 8.93 213
16 | 8.53 0.57 9.06 0.54 9.84 | 0.49 9.38 0.52 9.49 0.52
17 | 5.98 0.30 4.80 0.23 5.12 0.35 5.72 0.31 6.56 0.27
18 | 8.71 0.57 11.43 0.44 12.19 0.41 10.82 0.46 10.09 | 0.49
19 | 8.81 1.02 14.16 0.64 14.83 0.61 12.34 0.73 10.74 | 0.84
20 | 3.57 0.78 6.47 0.43 6.30 0.44 5.95 0.47 5.27 0.53
21 | 3.64 0.52 3.20 0.59 2.88 0.66 3.21 0.59 2.08 0.91
22 | 3.19 0.63 2.64 0.76 2.32 0.86 2.70 0.74 2.33 0.86
23 | 1.41 0.67 1.84 0.51 1.44 0.65 1.73 0.54 1.38 0.68
24 | 1.45 1.68 214 1.14 1.69 1.44 - - 1.56 1.56
25 | 1.26 0.28 1.91 0.18 1.48 0.23 - - 1.40 0.25
26 | 1.10 2.0 1.71 1.29 1.30 '1.69 - - 1.26 1.75
27 | - - 1.54 0.65 - - - - - 1.15 0.87
28 | 18.02 1.89 18.49 1.84 21.51 1.58 18.68 1.82 18.06 | 1.88
29 | 11.43 5.25 8.31 7.22 9.74 ‘| 6.46 10.01 5.99 11.89 | 5.05
30 |6.39 1.72 11.95 0.92 12.13 0.91 10.15 1.08 8.67 1.27
31 |6.38 1.77 14.41 0.78 14.44 0.78 11.40 0.99 9.31 1.21
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Table(3) : Values of Parameters for the Best Fit for the Calculation of the (n,o)
Reaction Cross-Sections at 14.5SMeV

(a) Present Formula

(i) For Even -A Nuclides

a=Level a;= a a, a= Vo No.of Data
Density Constant Points
MeV!) (MeV) MeV) | MeV) | In(1-Vo/ o) | (MeV)
A/25 -7.083+ 0473+ 13.282+ 6.984+ 25.26+ 44
0.495 0.059 0.528 0.468 0.609
(1) For Odd -A Nuclides
a=Level a) ac a, = Ve No.of Data
Density | =Constant Points
MeV!) MeV) MeV) MeV) In(1-Vy/ o) | (MeV)
A/25 -6.340+ 0.492+ 15.995+ | 7.825+ 2733+ |29
0.518 0.084 0.347 0.453 0.619
(b) Gul Formula
For All Even -A and Odd-A Nuclides
a=Level | ay=In(crro’+ay ) a=4a, a; =a, a; = Constant No.of Data
Density (MeV) MeV) MeV) (MeV) Points
MeV!)
A/15 3.995+ 0.613+ 32.258+ | 9.985+ 64
1.233 0.535 0.832 2.326
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Table(4): Comparison of (n,a) Systematics at 14.5MeV

Author Formula, o (mb) Mass n |Fin
Region
1| Levkovskii , 2 N - 31<A<202 |65 10.729
. =16554" +1) exp(—3l.26———£)
’ A
2| Forrest 20<Z<50 |39 | 0.599
2 N-Z -7\
o,, =2471(4" +1) exp(—19,77£—)-+13.82(N——Z—)
; A A
-0.02484 )
)2 A N-Z 50<7<82 |23 |0.711
G, =1144(4" +1) exp| -1632 ~00144 < :
3| Ait-Tahars , 2 -Z+1 40<A<188 | 58 | 0.758
. =3166(4" +1) exp(—32.75N—+)
4| Kasugai (N—Z) 19<A<187 |61 | 0.647
0, =22786exp| ~24.66-—
5[ Csikai L NS 19<A<202 |70 | 0.725
Cou = 15.07(A +1) exp| -25.98( ( y )+( y ) )
6| Gul (2_1.5) (A—ZZ+O.5) 19<Z7<82 |64 | 0.643
a,+a, —+a, +
G, .= (A " +l)z ex TA TA
no P (Z—Z)
a, E.Am
7| Present _ 13 2 4 26<A<238 |44 | 0.728
c,.= .>.6(A + l) exp(—25(N -Z-3)/ A) (even)
27<A<209 |29 | 0.555

G, =35A" +1)" exp(~35.714(N - Z)/ A)

(odd)
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