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1. Introduction 

Investigation of the fast neutron-induced (n,a). reaction is of impor
tance in the design of reactor shielding, in particular for estimation 
of nuclear t;ansmutation rates, i:mclear 'heating; radiation damage and 
other related safety aspects. Calciuri1 is an element of shielding mate-'
rial. Natural calcium rnntains 96.94% 4°Ca. Energy spectra an.cl an
gular distribution of_ a-particles and cross section of the ·40ca(n,a)37 Ar 
reaction in the energy range of a few Me V are specificaliy required to 
determine 'the secondary gamma radiation field in concrete shielding/ 1/. 

On the other hand the fast neutron-induced (n,a) reaction is of interest 
froin the sfatid-point of basic nuclear physics, in the study of reaction 
mechanisms, for example:. --

The 4°Ca(ii.,~)37 Ar reaction in: the neutron energy range of 3 to· 14 
Me V was experimentally studied ovei a ·long peri~d of time by various 
authors /2- 14/. Theoretical calculations hased on the Hauser~Feshbach 
method were performed by .Fti /15/ for the ( n,a) and ( n,p) cross sec~i<?:ns 
of 4°Ca. However, there are considerable discrepancies between the 
results of these studies. Therefore, we recently measured the angular 

, distribution of a-particle emission at neutron energies of 4 and' 5 Me V, 
and the cross section for the 4°Ca(n,a0) 37 Ar reaction at 5 MeV. 

2. Experiment 

Nearly monoenergetic neutrons of 3.94± 0.20 MeV and.4.98± 0.26 
Me V were produced via the I>( d,n)3He reaction us_ing the Van de _Graaff 
accelerator at the Instit_ute of Heavy Ion Physics (Peking Univ_()rsity, 
Beijing). A surface. barrier detector was used to detect. protons from 
the accompanying D(d,p)3H reaction as the neutron monitor. Determi
nation of the absolute neutron flux for 5 Me V was perfected with the 
help of the previously calibrated BF3 long counter. a-particles from 
the 4°Ca(n,a)37 Ar reaction were detected using a double-grid, parallel
plate, twin ionization chamber with a common cathode /lG/, which made 

~\C ii.ht~iH.t;i~ R~ •• ,~rft ~ 
,. ~;,,sm.1:1. Stt:!f.l~:lm:Jfi !\ 
I lviSfllrlOTEl'tt, ~ 
~ ~ --



a good showing in our measurements with slow neutrons / 17/. The first 
section of the twin ionization chamber contained the CaF2 target with 
a density of 0.86± 0.03 mg/cm2• The second section was empty and 
was used for background measurements. Natural CaF2 of 99.9 % purity 
was evaporated in vacuum on 0.3 mm thick tungsten foil that was used 
as the cathode. The anode plates were 0.2 mm thick aluminium foils. 
The grids consisted of parallel gold-coated tungsten wires 0.1 mm in di
ameter spaced 2 mm apart. Argon mixed with 5% carbon~dioxide was 
utilized to fill the chamber. The ionization chamber has a large solid 
angle for detection and .the capabilities of energy-angle determination 
and charged particle identification. 

Two dimensional energy spectra of signals from the anode and cath
ode were obtained with the help of a measuring system designed at the 
Institute of Heavy Ion Physics (18/ and based on the IBM PC AT-386 
computer. The anode signal of the ionization chamber gave the energy 
spectrum of charged particles emitted from the cathode at that time 
the ~athode signal g~ve the information of their angular distribution 
/16,19/. ' '' ' 

3. Results and Discussion 

1. Angular distribution 

Only a-transition to the 37 Ar ground-state ( a 0 ) will be considered 
because in our measurements there were not enough intensity of the 
other transitions to stand out. against the background. Our results of 
the measurements for angular distributionc of a- particles emitted in 
the 4°Ca(n,a0) 37 Ar reaction, together with data taken from refs .. /3,8/ 

at 4 and 5 Me V, are shown in the centre- of-m~ss system in Fig.1 and 
2, respectively. The angular distributions that we measured at 4 and 5 
MeV, are nearly symmetrical with respect to t9=90° though some small 
asymmetry in the forward direction at E;.=5Me V can be seen. But such 
results disagree with the only other available data, reported by Calvi 
et al. at 4 MeV /8/ and Abaschi et al.13/ at 5.13 MeV. In connection 
with this fact it is advisable to consider the dependence of angular 
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distribution on neutron energy over a wider energy range. Fig.3 shows 
the angular distribution of a- particles emitted in·the 4°Ca(n,a0) 37 Ar· 
reaction between 3.6 and 13.9 MeV as reported in refs./4-:7/; 
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Figure 1. Angular distribution of a-particles emitted in the 4°Ca (n,a0 )37 Ar reaction 

at 4 Me V. Experimental points: o-ref./81, •-present work. The solid curve is the least

squares fit of our data by the expression P( cos11)=a+bcos2 11 
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Figure 2. The same as in Fig.l at En=5McV. Experimental points: o-ref./31, •-present 

work. 
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From here, with due regard for the results of Abaschi et al.12/ around 
3 MeV, it can be conchided that the angular distributions of a-particle 
emissions from the 4°Ca(n,a0) 37 Ar reaction are nearly symmetrical with 
respect to '!?=90° in the energy range of 3 to 6 Me V. These results are 
in agreement with our data at energies of 4 and 5 Me V and disagree 
with reports by Calvi et al.18/ and Abaschi et al.13/. 

Nearly symmetrical angular distribution of a-particles emitted in the 
4°Ca(n,a0) 37 Ar reaction shows that the compound nucleus mechanism 
predominates in the energy range of 3-6 Me V for the double 
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, Figure 3. Angular distribution of a-particles from the 4°Ca(n,o:o)37 Ar reaction in 

the energy range of 3.6 to 13.9 MeV. Experimental points: li.-ref./5I, o-ref./71, x-ref./61, 

•-ref./4
/. The dashed curve is the DWBA calculation/5/. The solid curves are the least

squares fit of experimental data by the expression P( cosrJ)=a+bcos2 rJ. The histogram 

represents experimental points only. 
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magic target nucleus 4°Ca. Regarding,the energy regicm of 14 MeV the 
angular distribution is. strongly asymmetrical in the _ forward direction 
which may describe the direct reaction mechanism/5/. 

2. Cross section 

Angle integrated cross section ~f the 4°Ca(n,a0) 37 Ar reaction at a 
neutron energy of 5 MeV was found to be o-(n,a0)=234±23 mb. This 
value , in comparison with the experimental data reported in /6- 12/ and 
the statistical model calculation result / 15/, is illustrated in Fig.4. · 
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Figure 4. Excitation function of the 4°Ca(n,o:0) 
37 Ar reaction. Experimental points: 

o-ref./91, ■- ref./111, V-ref./121, li.-ref./81, y-ref./10/, x-ref/61, f:::.- ref./7I, •-present work. 

The solid line is the statistical model calculation / 12,15/_ 

Fig.4 shows that our value is slightly above the. other results but 
it should be noted that the spread of experimental data of the various 
authors is great. Fig.4 does not show the o-(n,a)= 430±100 mb value at 
En=6MeV obtained by Urech et al./13/ and the data reported by Barnes 
et al.114/ in the energy range of 3 to 14.7 MeV which have values of 180-
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200 ~b in the energy range of 4.5 -to 9 Me V. These results were not 
included because they are total (n, a) cross section values. Since is not 
known the exact value of the intensity of a:..trans.ition_'s to the different 
final states of 37 Ar, it is difficult, at present, to obtain (n,a0) cross 
section from these results. 

4. Conclusions 

1. The results of our measure~ents have sh~wn that the double-g~id 
twin ionization chamber can be used for charged particle spectrometry 
from neutron induced nuclear reactions in the energy range of several 
MeV. 

·2. The fact that angular distribution of a-particles emitted in the 
4°Ca( n,a0 )

37 Ar reaction at energies of 4 and 5 Me V ate· nearly symmet
rical with respect to {)= 90° shows that the compound nucleus mecha
nism predominates. . 

3. The cross section of the 4°Ca(n,a0) 37 Ar reaction was found to be 
234±23 mb at En=5 MeV. 

4. To clarify the role of differentreaction mechanisms it is necessary 
to perfect more detailed and exact measurements of the energy spectra, 
angular distribution and cross section for the 4°Ca(n,a0) 37 Ar reaction 
in the energy range of 6 to 10 MeV. 
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I'JieAeHOB IO.M. HAP, E3-93-428 
HcCJieAOBaHne peaKIJ;HH 4°Ca(n, a)37 Ar Ha 61>1CTphlx HeiiTpoHax 

YrJIOBhle pacnpeAeJieHHSI a-1.J:aCTIIIJ;, BhIJieTaIOm;Hx H3 peaKIJ;HH 
4°Ca(n, a 0)37Ar, 6hIJIH H3MepeHhI npn sHepm.srx HeiiTpoHOB 4 H 5 MsB c no
Mom;1>10 IlJIOCKO-napaJIJieJibHOH ~BOHHOH HOHH3aIJ;HOHHOH KaMephI C ABYMSI ceT
KaMH. IlollTH MOHOSHepreTHlleCKHe HeHTpOHhI 6hIJIH IlOJiylleHhI Ha ycKopHTeJie 

BaHAeI'paacpacnoMom;1>10peaKn;ttnD(d,· n)3He. IIpnsHepmHHe»TpoHoB5MsB 
6hIJIO H3MepeHO ce11eHHe peaKIJ;HH (n, ao) H IlOJiylleHO 3HalleHHe 234±23 M6. 
IloJiy11eHHhle pe3yJI1>TaThI cpaBHHBaIOTCSI C ~ymMH SKCnepHMeHTaJil>HhIMH 
AaHHhIMH H npeACKa3aHHSIMH CTaTHCTHlleCKOH MOAeJIH. 

Pa6orn BhIIIOJIHeHa B Jla6opaTOpHH HeftTpoHHO» cpH3HKH HM. H.M.<l>paHKa 
H liHCTHTyTe cpH3HKn TSI)KeJI1>1x HOHOB IleKnHcKoro yHHBepcnTeTa, KHP. 

Coo6w.em1e Om,e,11rne1moro HHCTHT)'Ta llJ:lepHbIX 11cCJie,1osaHHH • .!(y6Ha, 1993 

Gledenov Yu.M. et al. E3-93-428 
Study of the 4°Ca{n, a)37 Ar Reaction Induced by Fast Neutrons 

The angular distributions of a-particles emitted in the 4°Ca(n, a 0)37 Ar 
reaction have been measured at neutron energies of 4 and 5 MeV with a 
double-grid, parallel-plate, twin ionization chamber. Nearly monoenergetic 

neutrons were produced via the D(d, n)3He reaction using the Van de Graaff 
accelerator. For 5 MeV neutrons the (n, a0) cross section has been found to be 
234 ±23 mb. These results were compared with other experimental data and the 
predictions of the statistical model. 

The investigation has been performed at the Frank Laboratory of Neutron 
Physics, JINR and the Institute of Heavy Ion Physics, Peking University, 
Beijing, P.R.China. 
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