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AncjtnMeaxoa B.n. • ap. E3 · ll989 
PAAH8QBORRYA 38XB8T K81TPOROB renHeM-3 B HHTepaane 
saepraA 1-70 xaB 

Coo6maeTCR o oepaoM Ha6n~neaHa panaauaoaaoro 38XBaTa aeArpoaoe 
RJlpaMH sue B uarepeane aaeprall aeiTPOHOB 1-70 xaB. l13Mepeuaa Bbmon­
ReRhl MeTOJlOM BpeMeHH nponeTa Ha 6ycrepuoA CHCTeMe peaKTOp l1EP-30 + 
ycxopaTen& nY3-40 c npaweueuueM Muweaa *HAKoro renua-3 H aereKropa 
NaJ(Tl). Peracrpapoeanacb aMnnHTyAHhle cneKTpbl H cneKTpbl no epeMeHH 
nponeTa raMMA-ny'leA non yrnaMH 90°8 45°. nony'leHHbie B9DH'IHH8 
B &HepreTH'I8CKHA XOJl s4tcjteKTHBHOro Ce'leHRR p8AB8QHOHHOPO 38XB8T8 
B KCCneAOB8HHON HBTepaane SHeprKI IIHTepnpeTRpyiOTCR K8K p -BOOHOBOA 
38XB8T H81TpOHOB K COOOCT8BnR~TCB C TeOpeTH'I8CKHMH p8C'I9T8MH 
a 'leTblpexayxnoaaol opo6neMe anepaol cjtH3HKH. 

PaC5oTa IIWOOnaeaa B naC5opaToplla aeiiTPOHROA cjtH3HKH Ol1.Rl1. 

flpenpaRT 06uaKReaaoro BHCTBTyTa BAepablx accnenoaanall. Dy6ua 1978 

Alfimenkov V.P. et al. E3 • ll989 
RadiaUve Neutron Capture by 1He in the Energy Range 
from 1 to 70 keV 

This paper re~rts the first observation of the radiative 
neutron capture by He in the energy range from 1 to 70 keV. 
The measurements were perfonned at the IBR-30 reactor working 
in booster mode ol operation by the time-of-flight method using 
1He liquid target and Nal(Tl) detector. Amplitude and time-of-flight 
spectra ol y -rays were registered at angles of 90° and 45 o. 

The value and energy dependence of the neutron capture cross 
section obtained were interpreted as a p -wave neutron capture 
and compared with theoretical calculations made in the frame of 
the four-nucleon problem. 

The investigation has been performedat the Laboratory 
of Neutron Physics, JINR. 

Preprint of the Joint lnsti tute for Nucleor Reseorch. Dubno 1978 

Radiative neutron capture by 3He is closely connected 
with a tour-nucleon problem. Many theoretical papers are 
devoted to this or inverse ( a -particle photodisintegration) 
processes, but experimental data for it is very poor. Dif­
ferential cross section at an angle of goo a(90°)=5±211 bjsr 
for 4 MeV neutrons was determined in paper 1 11, ohly. In 
a short contribution 121 the cross section value a = 
= 60± 30 11 b for thermal neutrons is given, the experi~lnt 
remains still unpublished. It is rather difficult to measure 
such a small cross section. But the fact that the energy 
of y -quanta is high, i.e., 20.58 MeV (equal to the neutron 
binding energy in 4He ), is helpful from the experimental 
point of view. 

Our measurements were carried out by the time-of­
flight method at the pulsed reactor IBR-30 working with the 
40 MeV Linac in a booster mode. The Nai(Tl) detector 
of dimensions d 10 em x 10 em was used at angles of goo 
and 45° with respect to the neutron beam at a distance 
of 33.2 m from the reactor. The time analysis was carried 
out for the pulses with a level of discrimination of 16 MeV 
and at the same time the amplitude spectrum (in the time 
window corresponding to an energy interval from 4 to 70 keV) 
was registered. The liquid 3 He target of 30 em 2 surface 
and 3x1()22 em 2 thickness was prepared in the Al-con­
tainer placed in the cryostat. Shielding of the detector from 
the target side was composed of paraffin with boron (10 em), 
boron carbide (4 em) and lead (1 em). The effect and 
background measurements followed each other with an 
8 hrs period. The amplitude spectrum given in jig. 1 il­
lustrates the observation of y -rays of neutron radiative 
capture by ~e in the measured neutron energy interval. 
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Fig. 1. Points - the y -ray spectrum in the He(n,y) 
reaction obtained with the Nai(Tl) crystal at an angle 
of 90° with respect to the beam, N - the number of 
counts per channel ajter 48 hrs of measurements, n - the 
channels of the amPlitude analyser. Crosses - the back­
ground spectrum, 3 He sample being replaced by the 
graPhite one equivalent to the former in scattering. Figures 
stand for the energy of y -rays in MeV. 

The cross section a (0) and its energy dependence 
were determined by using formula for a thin target: 

N (Ei ,Er )= a(90°, E) ll (E hyn B[l +a (E r • ,., ) ] ~ n 
Here N(EioEr ) is the number of counts in the interval 
(EL, Er ), E is the average energy in the interval (E io ~ r ), 
Il(E) is the neutron beam intensity during the measure-
ments, taken with the help of calibrated boron and helium 
counters, ( Y is the detector efficiency, n is the target 
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thickness, B is the shielding attenuation factor for y -rays, 
a is the correction term describing the contribution of 
faster neutrons in N (E. , Er ). 

In our case this fbrmula is correct with an accuracy 
better than 15% at energies E ~ 10 keV. The a -term 
was calculated using: the experimental resolution function 
of the spectrometer, the known energy dependence of the 
neutron flux and supposed v-~- -dependence of the cross 
section an ( 3 He). The calculation of ( , was made and 
experimenblly proved earlier in I 11 }and we confirmed 
them in calibrating measurements of the known partial 
width of the 9 MeV direct transition in nickel. The accuracy 
of our measurements is mainly dependent on the uncer­
tainty of 'y value. The radiative capture cross section 
given in fig. 2 was obtained using formula any?~- rra (90°) , 
which is valid for the angular distribution proportional 
to sin2 e. The value 1.8 ± 0.2 obtained for the ratio of 
y -rays intensities at 90° and 45 o points out to such 

a distribution. 
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Fig. 2. Tge energy dependence of the eifective cross sec­
tion u

11
y( He): points - experiment, curve - theoretical 

predictton discussed in the text, E - the energy of 
neutrons in ke V, u - cross section in p. b. 
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Results given in this paper are the first ones in this 
energy region. Discussing our results one must not forget 
that the first excited o+ level of 4He does not participate 
in this process because the o+ -o+ transition is forbidden. 
The direct capture in the triplet channel for s -neutrons 
{ M 1 -transition) also cannot be taken into account because 
of its 1/v energy dependence. So the most probable inter­
pretation of the results is a p -wave capture where the 
El -transition is possible. Theoretical calculation /3/ for 
the direct reaction with El -transition made in the first 
order perturbation theory with central force approximation 
gives the following energy dependence for any : 

- 3 
any-yEn (E0 +3/4En) exp(-3En/4f ), 

where the parameter f "" 6 MeV of the order of the binding 
energy per nucleon in a -particle and Eo is the binding 
energy. In our energy interval this dependence transforms 
into a more simple form vE~ . We made an absolute norma­
lization of the theoretical curve in fig. 2 using the results 
of the continuum calculation of photonuclear reactions /4/ . 

The detailed balancerelationoftheform anrayn4E~ /9mc2En 
was used in this normalization. Experimental results are 
in agreement with the theoretical curve obtained in this 
way. 

Of course one needs a more precise measurement to be 
performed in the future as well as a direct theoretical 
calculation in this energy interval. It is desirable to repeat 
the measurements for thermal neutrons because the results 
of measurements /2/ with a target placed in the reactor 
core could be in principle influenced by fast neutrons. 
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