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1. INTRODUCTION 

Investigation of the fast neutron induced (n,a) reaction is of interest to studies 
. . \ .. 

of reaction mechanisms and _nuclear structure. In addition, the study' of the ·(n,a) 

reaction is important for estimation of nuclear heating, radiation diuriage·and induced 

activity in structural materials of nuclear_ reactors. lfo\Vever, in_!he enc:r_gy region· ~f 1 

to 10 MeV, where the thresholds of many (n,a) reactions lie, the ex.perutjental. data 

base is rather scarce and there are signific~t di~crepan~ies b~tween the available 

results of various authors. Therefore, in 1990 we startetl'ihe study of the (n,a) reactiori. 

induced by neutrons with th; energyofseveral MeV using gridded .ionization 

chamber [1-3]. 

In this paper, our results of cross section' and angular distribution 

measurements of the (n,a) reaction in the energy range from 4 to 7MeV for isotopes 

of 4°Ca, 54Fe, 58Ni and 64Zn importruit for nuclear power eri.gineering, are discussed. 

2. EXPERIMENT 

Nearly monoenergetic neutrons were obtained from the D(d,n}3He reaction at 

the Van de Graaff accelerator in the Institute of Heavy Ion Physics, Peking University, 

Beijing, P.R.China. A water-cooled TiD solid target was used. Neutron yield for beam 

. current li•l0 µA was -2x108 n/s. 

Alpha particles from the (n,a) reactions were detected using a parallel plate, 

gridded twin ionization chamber with a common cathod_e [4] which was made in the 

Frank Laboratory of Neutron Physics, JINR, Dubna, Russia. The first section of the 

twin ionization chamber contained· the target isotope. The second section of the 

chamber was empty arid was used for background measurements. The anode plates 

were 0.2 'mm thick alurninitin::i foils. The grids consisted of parallel gold-coated 

tungsten wires 0.1 mm in diameter arranged with a 2 mm spacing. Argon mixed with 

3-5% CO2 or krypton mixed with 1.7-3.0% CO2 was utilized to fill the chamber. 

Three-dimensional spectra were obtained by measuring coinciding signals of 

the anode and the cathode with a multiparameter system [5]. The energy spectra and 
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angular distributions of alpha-particles emitted in the (n,a) reaction were extracted 

from the anode and cathode signals, respectiveiy [4, 5]. The absolute neutron flux was 

determined usi~g-previo~ly c!tlibrated BF3 long counter,and 2380 (99.997%) fission 

chamber. The biu.ic ~haracteristics;~fthe targets are give~ in Table 1. 

Table I. The ~get characteri~tics 

Nuclei 

-,Vea 

0"Fe 

,"Ni 

" 

"."'Zn 

Sample Abundance of Thickness 

isotope(%) (mg/c1~i2) 

cir2 Natural 0.86±0.03 

metal 99.87 0.96±0.03 

metal 99.95 1.05±0.02 

metal 99.8 0.50±0,01 
-_r. 

metal 99.4 0.72±0.03 

metal 99.4 0.250±0.013 

3. RESU:i, TS AND DISCUSSION 

3.1. Angular distribution "' 
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Fig. 1. The angular distribution of a

particles emitt~d-. {~ the 40~a(n,a0)3
7 Ar 

reaction at 4 MeV. 

Experimental points: 

0 - ref. [6], Li - re£[7], • - our data . 

The solid curve is the least-squares fit 

of our data bJ: the expression 

P(cos8) =a+ bc_os8 + ccos2 8. 

-->,:~>r' 

Our results of the measurements for angular distribution of a-particles emitted 

in the 4°Ca(n,ao)37 Ar reaction, together with the data from refs. [6,7] at 4 and 5 MeV, 

are shown in the ~entre-of-mass system in Fig. 1. Our results are nearly symmetrical 

with respect to 8=90°, and they disagree with the only other available data obtained by 

Calvi et al. at 4 MeV [6] and Abashi et al. at 5.15 MeV [7]. 
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Our results on the angular distributions of the 58Ni(n,a)55Fe reaction at E0=5. I, 
, .,. . _.. ~ , -. . . . . . ·, ..• : ••. : >. -, .-. i ~- , - •. . • -·; c.- ,; • • . , ~ 

6.0 and 7.0 MeV are shown in Fig. 2. The angular distributions nearly symmetrical 
• • . . . ~ • ' • ' . . . ·.. . '; • : _: . . . 1,. ·• , ~ . ,_ • 

around 0=90°. are in better qualiti"'.e agreement with the results of Goverdovski et al. 
' • , • : ~ ~ • • •• • • • • • : f : • '-~ ' • ' • .-J·:; ' -·.. .- - ' • ;. •• . :·;_' ~ •• ;~ ~ 

obtained <\t. En".75.Q5 MeV [8]. An1;1_logou~ results ~ere ob.tii.\ned )~Y. ,Watt~~amps [9] 
' • -•• 'W, • •• ,s• , , ; , -• - •-•r ! , •, V • -·• '• , • • J ., ,> •: • :••a 

and Baba et al. [10]. 
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Fig. 3. The angular-distribution of 
S4 Si,. · · ·, ., • : ; 

the Fe(n,a) Cr reactio,n- at 

E0=7MeV. 
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Fig. 4. The angular distributio~ 1f 

the 64Zn(n,a)61Ni reaction at 

E
0
=5 MeV ·· for the excitatiOn . -~ -· :_,·:::,. . -

energy E <2 MeV ofthe residual 

nucle.us .. 

The curve 'is the ·. Legendre 

polynomial fit 

P(cos0) =a+ bcos0 + ccos2 0. 

The Angular distributions for the 54Fe(n,a)51Cr reaction at 7 M:eV and the 
64Zn(n,a}61Ni reaction at 5 MeV are displayed in Figs. 3 and 4, respectively. For the 

54Fe(n,a)51Cr reaction there exist no other experimental data on the angular 

distribution in that energy interval. As to the 64Zn(n,a)61Ni reaction our symmetrical 

result is in disagreement with the only other available forward peaked distributions 
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rep?rted by Calvi et al. at E0 =4.5 MeV and 5 MeV [6]. Nearly symmetrical angular 
. '. .,,~· 

distributions with respect to 0=90° measured by us show that the compound 
~~ • •;, C •r ' < 

mechanism predominates in ~he (n,a)· reaction on mediuni.:mass n~clei in the energy 

ran~e of several Mey. 
•i\; 

· ~: i1~ . 

3.2. Cross section 

Our values of the angle integrated cross sections for the 4°Ca(n,a0}37Ar, 
S4 .. :_ :s1·:..;,.S8;~·•:,:.SS .. · ;64 . 61 • 

Fe(n,a) Cr, Ni(n,a) Fe and Zn(n,a) N~ (for E <2 MeV) reactions around 

E0=5-7 MeV, are given in Table 2. 

+~hie 2. The e'xperime~ial (n;a) cross sections 

Target E,~ cr(n,a) 
., 

Nuclei (MeV) (mbarn) 

Ca 5 234±23 
'Y ;: .. •·-;' 

S4Fe 7 8.8±2.6 I _i ~ ,-·. 

s8Ni 5:·1 
~-, ·-' ~; \. ;- ~ '\,; 

47.4±5.0 

58Ni 
~~ . ·• ·:1:' J' ,< 

6 75±7.5 
> '· # '•.,t f·,," .J ,·, It .' · ·· .·- .. 

S8Ni 7 71±14 
64Zn 5 34±3 

Our results on the (n,a). cross sections in comparison with other .experimental and 

theoretical da~a ofy~~us authors are illustrated in figs. 5, 6 and 7 for 4°Ca, 54Fe and 
S8,. y• • I 

NI, respective y. 

Figure 5 shows that our value of the (n,a) cross section for 4°Ca is slightly 

larger than other results. Our value of the (n,a) cross section for 54Fe at 7 MeV (Fig. 

6) is lower than the experimental data by Meadows et al. [19], the results of the pre

equilibrium model calculation by Avrigeanu et al. [21] and the ENDF/B-VI evaluation 

[19]. However, our result is considerably larger than the result of statistical model 

calculations [18]. 
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Our results for 58Ni in ~he energy range En=6-7 MeV (Fig. 7) are lower than 

the data of Qaim et al. [22], but in the energy region En=5-6 Me V they are larger than 
. . . . 

the values of Goverdovski et aL [8]. 

As to the 64Zn isotope our result on the (n,a.) cross section at 5 MeV is in 

disagreement with only other available value cr na ~ 42 mbarn obtained by 

Calvi et al. [6]. 
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Fig. 5. The e.xcitation function for the 

4°Ca(n,<Xo)37 Ar reaction. 

Experimental points: 0 - ref. [11 ], 

■ - re[ [12], V, - ref. [13], ~ - ref. [6], 

Y - ref'. [14],x - ref. [15], .1- ref. [16], 

and • - our data. · 

The solid curve is the statistical· model : 

calculation for cr(n,a.0) [13]. : 

The qashed . curve is the '. statistical 

model calculation for cr(n,a.) [17]. 

Fig. 6. The. excitation function for the 

54Fe(n,a.)51Cr reac;:tion. 

Experimental points: 0 - ref. [18], 

.1 - ref. [19], • - ref. [20], and 

• -our data. 

The solid curve is the ENDF/B-VI 

evaluation [19]; the dashed curve is 

the pre-equilibrium model calculation 

[21]; the dot-dashed curve is the 

statistical model calculation [18]. 
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· Fig. 7. The excitation function for the 

. ssN· ·c >ssF . • E. . • l 1 n,a. e react10n. xpenmenta 

points: Q - ref. [22); X ._ ref. [23], 

• - ref. [20], .1 - ref. [24), V - ref. [8], 

and • - our data. The· solid curve is 

the evaluated ENDF/B-VI file; the 

dashed curve . is the JEF-2/EFF-2 

code; the dot~dashed curve · is tJ-ie 

JENDL-3 (ref. [25)). 
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f'ne.ueH0B IO.M. II .up. 
lfaMepeHIUI Ce1.JeHIIH II yrn0BbIX pacnpe.ueneHIIH (n,a)-peaKIUUf, 
Bbl3BaHHOH 6hICTpbIMII HeHTpOHaMII, )llli! ~.uep cpe)lHIIX Mace 

E3-98-375 

l13MepeHbl ceLJeHII~ H II0JIYl.JeHhl yrJI0Bbie pacnpe.ueneH~ )lJI~ (n,a)-peaKUHJI 
4oc s4F s8N. 64z ~ ~ . 4 Ha H30T0IIax a, e, I H n. B )lHaIIa30He 3Heprnu HeHTp0H0B OT 

)l0 7 M::iB. TipoBe)leHO cpaBHeHHe 3TIIX pe1yJibTaT0B C 3KCIIepuMeHTaJibHbJMH 
H TeopeTHLJeCKHMH )laHHbIMH, II0JiyqeHHblMH .upyrnMH aBTOpaMH. 

Pa6oTa BblTT0JIHeHa s Jia6opaTOpim Hei'npoHHOH q>H3HKH JIM. 11.M.<DpaHKa 
Ol15Il1. 

Coo6mem1e 06benm1emmro HHCTHTyra ll/lepHh!X HCCJJenosaimii. ,Uy6tta, 1998 

Gledenov Yu.M. et al. E3-98-375 
Cross Section and Angular Distribution Measurements 
of the Fast Neutron Induced (n,a) Reaction for Medium-Mass Nuclei 

Angular distributions and cross sections of the (n,a) reaction for the 40ca, 
54

Fe, 
58

Ni and 64zn were measured in the neutron energy range of 4 to 7 MeV. 
These results were compared with other experimental and theoretical data of various 
authors. 

The investigation has been performed at the Frank Laboratory of Neutron 
Physics, JINR. 
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