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Systematics of Excftatifon Function for (n,charped particle) Reactfions

ZHAO Zhixiang and ZHOU Delin

(Institute of Atomic Energy, P.O.,Box 275(4l),Beijing,China)

On the haaes of evaporation model considefina tﬁe
preequilibrium emission under some approximations, the
analytical expreasi&ns including tﬁo adjustable parame-
ters have been derived for excitation functions of (n,
charged particle) reactions, Fittiﬁg these expres?ions
to the available measured data, tﬁese paramefers have
been extracted and the systematiﬁ behaviours of the pa-
rameters have been studied. More éccurate predictions
than before could be obtained by using these éxprésgiohs

and systematics parameters.

Introduction

Charged particle producing data of neuxronlinduced reactions are
of great importance for design of fission and fusion reactor. Unfortu- .
nately, experimental data especially measured excitation functions are
very scarce., The unmeasured energy regions and nuclei may be comple-
mented by model theory calculation and systematics predictions. Gene=
rally. the latter is more efficient, All-earlier work on systematics
- of (n,q) cross sections (q=p,d,t, e and a) except Pearlsteln'a(l)are
carried out at E =14.5 Hev(?-7). Theffearlatgin's vork was performed
Ly using a hybrid enpirical—stqtistical model in region of proton
number of target Z=20-813,

In the present work, we concerned that the neutron enérgy region 1is

up to about 20 MeV and that tarﬁet wases.region 18 23 < A < 197, Charged

particle p,d,t, e and a emitted in (n,q) resctions are considered.



Formulae

Based on evaporation model considering preequilibrium emission,the
analytical expressions of excitation function for (n,q) reactions have
been derived under some approximations. Some primary approximations are
as follows:

1, The preequilibrium emission only occurs at the state of exciton
number n=3,

2, There 18 only one competing reaction of (n,n').

3, The (n,qn) reaction is primary channel for secondary particle
emission and the neutron emission mustfollow 1if the resf energy in com-
pound nucleus system is enough after the q emission.

4, Complex particle such as d,t,3He and a are regarded as excitons
which are prior formed in targgt nucleus with a probability Pq.In this

work, we took Pa-0.2(8) and P ,P 1,

d'PeoPape<s

5, The penetration factor of rectangular-well potential

2 _ - q
Dq(eq) exp( aq(l eq/Ec)) . (1)

1 1
aq-0.63772(Aq)T(l+A1/3)(Eg)T (2)

are used to describe the effects of coulomb barrier.In eq.(l) and eq.(2),
The A and Aq are the mass number of target nucleus and emitted charged
particle respectively. The eq and E: are the kinetic energy of particle
q and the height of coulomdb barrier respectively,

6, The energy level density of compound nucleus is taken in the form
of constant temperature,

The details of the formulae deriving have been given in ref.(9). The

ultimate expressions are given as follows:
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The values of Oq and uq are given in table 1.

Tab.l The values of Bq and uq

3

q P d Tt He

0 1 6 9 1,
q 9 6
vy 1 1/3 1/3 1/3 2.5

In eq.(3) to eq.(lB),Bn is the incident neutron energy; Sn the
neutron separation energy of compound nucleus system; T the nuclear
temperature of target; the meanings of A and Aq are as the same as 1in

eq.(2); Qq and Qqn are reaction energy for (ﬁ.q) and (n,qn)’fespectively.

The En,sn,T,Qq and Qqn are all in unit of MeV.

For the emissions of d,t and 3He, the process of secondary particle
emission have been omitted so that the sum of cross sections

g t

- .’..-'o f
n,q On.q (19)

+0 +0 +0 ..
n,qn n,q2n 6,qp

are given as eq. (4).

In eq.(3) and eq.(4), there are two ndjustable parameters cq and Eg.

The Eg represents the height of coulomb barrier and Cq a constant pro-

t

n,q defined by eq.(19).

portional. to maximum of ¢
Systematics of Local Par&meter; E& and E:

For (n,p) and (n,a) reactions in mass region 23<A<197 the measured
excitation functioms for about fifty nuclei have been collected?in'the
light of ref.(10) and ref.(11). The least squ&rés fits have been carried
out for available experimental data by using eq.(3) and the fittinﬁ,plra-
meters (called local parameters) have been obtained. Beforé-fiitinﬁ{ Qq
and Qqn have been calculated from ref,.(12) and Sn taken ffbﬁnfeéittib).
The agreement between fitting curQes dn& measured data 1s‘sdtf§f5dtory.
These results demonstrated that the contribution of the%piegquilibriun -
nuclei, the portion of preequilibrium is about‘36¥501 at En-ZOHeV (see

fig.1).



The local parameters cq and E: for (n,p) and (n,a) reactions cam be
expressed as a simple functions of neutron number N and proton number 2

of target nucleus as following

— N-2Z
Ez-(0.6+0.252-0.OOIZz-Zexp(-O.OS(Z-ZB)2))exp(29.6——x———).HeV (20)

ES= -3.4+0,572-0,0032%-3exp(-0.3(2-28)%) ,Mev (21)
N-Z |
E;-(1+A1/3) exp(5.88-33,7 -16.8a"2/3) . mp ' (22)
N-2
E;-(1+A1/3) exp(2.0-23.7 +21.082/3),mp (23)

The ﬁarametera E: and Eg calculated from above systematics are called
regional parameters. The comparisions between local and regional parame-
ters are given as fig.2 to fig.5.From fig.2 and fig.3,one can find that
the shell effects exists at Z=28.And it can be illustrated emprically
with a normal function.It is not clear for éhell effect and odd-even effect
of target nucleus on parameter EA. |

fhe corvarance matrix Vq of regional paraheters would be estimated in
order to get the uncertainties of cross sections predicted with regional
parameters.To combine the uncertainties such as negligence error,corelated

error and uncertainties of the expression for excitation function and the
(13)

systematics into Va VA wvas estimated by moment method .Let
vq PquPq (24)
where
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e | 0 ga
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v 1 s .42 } 2 q,2
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13-,z -8 v,z ) /E3 (v, 2) (30)
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It follows that
2

_ 40.30 0.11(0.30) (0.25)

up-( o ) (31)
0.11(0.30) (0.25) 0.25 |

_ ,0.312 ~0.24(0.31) (0. 14)

“a"( : 9 ) (32)
=0.24(0.31) (0.14) 0.14

For (n,d),(n,t) and (n,3He) reactions,the fitting with two parameters
Cq and Ez could not be carried out because of lack experimental data for

excitation function.We had to replace Eg and Ez with Ez and to replace
E3He

c with E: so that there is one parameter Cq in eq.(4).Therefore,only

~

one point cross section is needed to determine parameter Cd.Taking into

accout thepmeaning of eq.(4) and status of experimentai data for (n,d),

3

(n,t) and (n, He) reactions,the following experimental data have been

selected:
(n,d) reaction:data measured at LLL with magnetic quadrupole spectro-

meter in neutron energy region En-l4-15MeV(14).

(lS).

(n,t) reaction: t emission cross sections measured at En-22.SHeV

(n,3He) reaction: cross section measured by activation method at

T =22.5Mev(16)
as 44 oM . .
Assuming the shapes of cd’ct and C3He versus Z all &re the samq,;he
systematics for cd’ct,énd C3He-have been“found as folloys:
Ed-za(l-o.oszz+o.ooosazz).mb . (33)
Et-5.81(1-0.0522+0.0008322).mb - (34)
e =2.9(1-0.0522+0.000832%) ,mb (35)

By the moment method;the rélative errors-have been estimated:
AT /Ty =0.38
Act/ct =0,35 : . o . (36)
Acaue/caue =0.51

Thé‘bompnrision betweéﬁ;iobn;»parame;ers:khd‘fggiqnal parameters are given

in fig.6 to fig.8 for C,,C_ and C respectively,

d’ "t 3He



Discussion
With regional parameters,excitation functions of (n,p) and (n,a)
reactions have been calculated for about fifty nuclei in region 23<A<197,
The predicted cross sections are consistent with measuréd ones within ‘errors
calculated from Vq.The results are shown in fig.A and fig.B.The excitation
function of (n,t) reaction have also been predicted for several nuclei on
vhich experimental data are available.The agreement between the predicted

curves and experimental data are fair (see fig.9).
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