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Recently, monoenergetic neutron beams of a medium-low energy region (20<
EpilOO MeV) have began to use as a comparative probe with protons to study the
nuclear structure and reaction mechanism. In particularly, the studies of the
(n,Y)l), (n,n')z) and (n,p)3) reaction have shown the usefulness of these
kinds of research. Here we describe the facilities and technique for the
monoenergetic neutron beams which have been applied for the neutron scattering
experiments. These developments have been carried out at the neutron time-
of-flight (TOF) facility of the Tohoku University AVF cyclotron. An
application of the neutron beams has provided the neutron scattering
experiments of the angqular range ‘from 10° to 145° at 35 MeV. Some comments
about future developments for the study of neutron induced reactions such as

(n,y), (n, charged particle) and (n,n'X) measurements are also presented.

Neutron production targets

A monoenergetic neutron beam was obtained by use of the charge exchange
TLi(p,n)'Be (Q = -1,644 MeV). Natural Lithium (about 93%
abundance of 7Li) targets are bombarded by protons. The neutron production
target was placed at the exit of the beam swinger magnet. This technique made
it possible that the measurements of the angular distributions of the emitted

particles were carried out at a fixed place by changing the direction of the

reaction of

incident neutron beams. Energy spread of the neutron beam was obtained about
700 keV which was consisted of the energy loss of the incident protons in the
production target and the inseparable contamination of the first excited state
of 7Be. This transition located at an excitation energy of 0.429 MeV was
populated as almost same strength as the ground state transition. The second
excited state of 7Be at an excitation energy of 4.57 MeV sometimes seriously
interfered with inelastically scattered neutrons. The continuous background
above 3.24 MeV in an excitation energy region of the final state did not
contribute the difficulty of the background subtraction at the time to get the
yields of inelastically scattered neutrons. The primary proton beam was

stopped by the water (Hzo) which did not make the background at the lowlying



region of the residual nuclei because of the large negative Q-value (Q = =~
16.21 MeV) of the 16O(p,n)16F reaction. An illustrative figure around the
neutron production target and is shown in Fig. 1.

Shadow bar and collimation system

The main source of the background was considered to come from the air and
the materials near around the scattering target. At the time of forward angle
measurements, intense neutrons from the production target made serious
backgrounds. In order to reduce these backgrounds at the direction of the
detector position, concrete walls of one meter long, and collimaters
constituted with lead and iron blocks were‘placed. A shadow bar was also used
to prevent neutrons come from the production target. This system shown in
Fig. 1 made it possible to measure the scattered neutron at the minimum angle
of 6y . = 10°.

Scattering targets

In the case of neutron scattering experiments, it is very difficult to
collimate the neutron flux. The scattering targets can not be supported by a
massive frame which is a usual way for the charged particle induced reaction.
Thus the targets have to be suspended with very little mass compared with
target itself to minimize the background from the target frame. We used nylon
strings to suspend the scattering target as shown in Fig. 1.

Neutron detectors

Two types of neutron detectors were used to provide the events for
neutron signals. One type was the same as described in Ref. 4, having the
dimensions of 50 cm length, 10 cm height and 5 cm width being filled with
NE213 liquid scintillator. The other type is a cylindrical container of NE213
liquid scintillator with the dimensions of 20.3 cm ¢ in diameter and 5 cm in
depth, to which a 12.7 cm ¢ photomultiplier was coupled. As shown in Ref. 4,
both type have a good character of the n-y discrimination and time resolution.

Neutron beams

A typical neutron energy distributions are shown in Fig. 2, where the

7Li(p,n)7Be reaction at E_ = 37 MeV. The
7

neutrons have been produced by the
neutron flux was obtained from the cross section for the Li(p,n)7Be reaction

averaged over the angles near 0°.

Applications

The arrangement described here gives a monoenergetic neutron beam of the
variable incident angles on a scattering targets. This system makes it

possible to measure the ejected particles and y-rays from the neutron induced



reaction by use of the large detector system at a fixed position. Several
important applications about the neutron induced reactions are considered to
be able to be done at the present energy region.

Radiative neutron capture reactions are one of the promising probe to
investigate the isovector giant quadrupole resonance (IVGQR)S) which has been
observed only in pion single charge exchange reactions. The interference
effect between the IVGQR and IVGDR gives the A, term of the Legendre
polynomial in the angular distribution of the emitted y-rays. The incident
energy dependence of the Al term strongly varies at the location of the IVGQR.
In order to study the isovector excitation mode, (n,p) reaction (ATz=+1) is
also very useful. The advantages of the (n,p) reaction compared with the
(p,p)(ATz=0) and (p,n)(ATZ=-1) reaction considered to be followings; (1)
isovector components are concentrate to the T=T0+1 state, (2) there is no
background come from T=T0 and T=T0-l component and T« excitation, (3)
statistical background is considered to be small because these states can be
observed at lowlying region of the residual nucleus. Thus, the study of the
isovector excitation mode (IVGDR, IVGQR etc.) by use of the neutron beam
expected to be performed.
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Fig. 1. Layout of the neutron scattering experiment.
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Fig. 2. Neutron energy distribution from the 7Li(p,n)7Be reaction.



:‘ TrT I T 7 3.1 ' T 1 177 I T 1.1 1 I T V7T I T 117 l LR B ':
- 2C(n,m'2C g.s. En=3SMeV
0 E 3
~ . i
0t F E
~ r n
s o 4
£ . ]
~ ol 4
c I 1
Q ' -
S0 E 3
[6] C 3
@ E ]
® C ]
)] r 4
o
1 F
6 E
—1 i S S | l | SN N | 1 21 1 ] L 1.t 1 ! 1t .1 ' 1t t 1 l 1 llll
107 g = =D 75 100 1= 10 175

C.M. Anale (dea)

Fig. 3. Angular distributions of the lzC(n,n')lzc reaction.



