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Pagnanwosnnft 3axpar HedrporoB renHem-3 B KHTepBane
agepraft 1-70 xaB

Coobmaercs 0 neppoM HaGNoAeHME panHaUXOHHOTO 3axBaTa HeRTpoHOB
sapamu 3He B nuTepmane sHeprai ueArponos 1-70 x3B, Hamepenns poinon-
Hefitl MEeTOAOM BpeMeHH mpojera Ha GycTepHofi cucreme peakrop UEP~-30 +
ycxopurems J1IY3-40 ¢ npumMeHeHHeM MHWERM XHAKOro reans-3 # ReTekropa
NaJ(T1). PermcrpapoBanuCh aMNAHTYQHLE CHEKTPbl H CHEKTPhl MO BpeMeHH
nponera ramma-nydefi non yranamu 80°s 45°. [lonmyuenHbie BesMuuHA
A 9Hepreruyeckaft xon 3PPeXTHBHOro CeyeHHN panHAllHOHHOI'O daxpatra
B NCC/IeQOBaHHOM HMHATepBalle 3Heprifl WHTepNPeTHPYIOTCH KaKk p ~BONHOBORA
daxpar HeATPOHOB M CONOCTAaBIAIOTCE C TEOpPeTHYECKHMH pacueTaMu
B uYeTnpexHyx1oHHo&k npobneme sineprofi $u3uxn,

PaGora sunonmena 8 JlaGoparopru nefirponnoh $uankn OHUFH,
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Radiative Neutron Capture by %He In the Energy Range
from 1 to 70 keV

This paper regorts the first observation of the radiative
neutron capture by °He in the energy range from 1 to 70 keV,
The measurements were performed at the IBR-30 reactor working
in booster mode of operation by the time-of-flight method using
%He liquid target and Nal(T1) detector. Amplitude and time-of-flight
spectra of y-rays were registered at angles of 90° and 450°,
The value and energy deperdence of the neutron capture cross
section obtained were interpreted as a p-wave neutron capture
arnd 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 Institute for Nuclear Research. Dubna 1978

Radiative neutron capture by 3He is closely connected
with a four-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 90° a(90°)=5ifub/sr
for 4 MeV neutrons was determined in paper/l/, only. In
a short contribution’/2/ the cross section values -
-60+30 ;b for thermal neutrons is given, the experimgnt
remains still unpublished.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 Nal(Tl) detector
of dimensions ¢ 10 cm x 10 cm was used at angles of 90°
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 4to 70 keV)
was registered. The liquid 3He target of 30 cm? surface
and 3x1022cm? thickness was prepared in the A] -con-
tainer placed in the cryostat. Shielding of the detector from
the target side was composed of paraffin with boron (10 cm),
boron carbide (4 cm) and lead (1 cm). The effect and
background measurements followed each other with an
8 hrs period. The amplitude spectrum given in fig. 1il-
lustrates the observation of y-rays of neutron radiative
capture by 3He in the measured neutron energy interval.
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Fig. 1. Points - the y-ray spectrum in the
reaction obtained with the Nal(Tl) crystal at an angle
of 90° with respect to the beam, N - the number of
counts per channel after 48 hrs of measurements, n - the
channels of the amplitude analyser. Crosses - the back-
ground spectrum, 3He sample being replaced by the
graphite one equivalent to the former in scattering. Figures
stand for the energy of y -rays in MeV.

He(n,y)

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

N(E,.E;)=0(90°,E) H(E)cynB[1+a E,. =)]AQ

Here N(E;,E; ) is the number of counts in the interval
(E{.Er), E is the average energy in the interval (E;,E),
IKE) 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 NE; ,Ef).

In our case this formula is correct with an accuracy
better than 159% 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 E  -dependence of the cross -
section o (%He). The calculation of . ~ was made and
experimen(ally proved earlier in/v '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 « value. The radiative capture cross section
given in fig. 2 was obtained using formula o, == 70 (90°) ,
which is valid for the angular distribution proportional

to sin®9. The value 1.8 + 0.2 obtained for the ratio of
y -rays intensities at 90° and 45° points out to such
a distribution.
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Fig. 2. Tge energy dependence of the effective cross sec-
tion o..,(°He): points - experiment, curve - theoretical
predic?ivon discussed in the text, E - the energy of
neutrons in keV, o - cross section in pb.



Results given in this paper are the first ones in this
energy region. Discussing our results one must not forget
that the first excited 0* level of 4He does not participate
in this process because the 0" —0* transition is forbidden.
The direct capture in the triplet channel for s-neutrons
( M1 -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
El1 -transition is possible. Theoretical calculation/3/ for

the direct reaction with E1 -transition made in the first -

order perturbation theory with central force approximation
gives the following energy dependence for Ty

9y, = VE, (By +3/4E )" exp(-3E, /4¢),

where the parameter ¢ = 6 MeV of the order of the binding
energy per nucleon in « -particle and Ep is the binding
energy. In our energy interval this dependence transforms
into a more simple form E , . We made an absolute norma-
lization of the theoretical curve in fig. 2 using the results
of the continuum calculation of photonuclear reactions 74/ .
The detailed balance relation of the form o, ~0,,4E2 /9mc’E,
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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