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Abstract: A summary of our recently and previously measured cross sections for

14.1 MeV neutron-induced reactions on lithium isotopes has been presented.

These data of measurements of charged particles except protons are also compared

with available data of other authors.

Our data were taken with a counter telescope

consisting of two gas proportional counters and silicon AE and E detectors.

Measured energy spectra of deuterons and tritons from the three-body break-up

reactions Li(n,d)5He and 7Li(n,t)5He, respectively, were analyzed by a simple final

state interaction theory.

Measured angular distributions for the above reactions

as well as 6Li(n,t)AHe and 7Li(n,d)6He were analyzed by DWBA calculations.

(nuclear reactions, 6’7Li(n,d), 6’7Li(n,t), E=14.1 MeV, measured o(6), DWBA)

Introduction

Experimental data on the fast-neutron induced
reactions of emission of charged particles from
lithium isotopes L1 are very important for
investigations of not only the reaction mechanism
and the cluster structure in nuclear physics but
also the fusion reactor in nuclear engineering.
However, these data are very scarce at the present
time.

Previously, we measured the differential
cross sections for the reactions 6Li(n,d)SHe and
6Li(n,t)4He at 14.1 MeV in a limited angular
region and compared our data with the exact
finite-range distorted wave Born approximation
(EFR-DWBA) calculations1. Since then we have
continued to take the data on not only 6Li2’3
but also Li% Our 6Li data
are in agreement with the Zagreb data of 14.4

without publication.

MeV5'7, but are not reproduced at around 60° for
(n,d) and at very backward angles for (n,t) by

the EFR-DWBA calculations.
liminary data* on the 7Li(n,t)5He reaction, which

Regarding our pre-

are also in fair agreement with the Zagreb dataé,
it was difficult to reproduce even the shape of
the measured angular distribution by EFR-DWBA
calculations.

In this paper, we present a summary of our
experimental data on the one- or two-nucleon
transfer reactions for ’7Li, and also describe
the details of our newly performed experiments

in the following section.

Experimental procedures

The procedures of our experiments using
95.58% enriched “Li metal targets of various

thicknesses of 2.35 - 3.74 mg/cm2 and a prelimi-
nary one using a 12.44 mg/cm2 natural lithium
metal target have been reported in previously
published1 and unpublished2’3’4 paperse.

These experiments have been performed using an
old Cockcroft-Walton accelerator of the Rikkyo
University. Here, we describe only our recent
experiments on 7Li, in which a new 300 kV
Cockcroft-Walton accelerator was used for the
production of 3H-d neutrons of 14.1 MeV.

The absolute determination of the neutron
yield in this experiment was done with an
accuracy of about 27 by use of the "associated
a-particle method" using a Si p-i-n photodiode
(Hamamatsu $1723-06) as the a-monitor and a 35-
Ti-Cu target (Amersham TRT-31, 2.4 Ci). The
details of this method are described elsewhereS.
Another Si p-i-n photodicde (Hamamatsu S$1722)
and a NE213 liquid scintillator, which were
placed at 3 cm and 100 cm respectively from the
neutron source point, were employed as neutron
detectors. An accelerated deuteron beam of
170 keV was collimated by passing through two
collimators of 3 mm and 2 mm in diameter after
forcusing by Q-magnets.

A 4.54 = 0.14 mg/cm2 target of 99.988%
enriched 'Li metal was prepared by rolling and
placed at the center of a scattering chamber?.

In the chamber, two counter telescopes (CT1 and
CT2) were placed at 4 cm from the lithium target,
where a collimator of 6 mm in diameter was
located for defining each telescope aperture as
seen in Fig. 1. Fach counter telescope consists
of two gas proportional counters and Si AE and E

detectors. The counter gas of Ar with 57 of
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002 was filled to a pressure of 100 Torr in the
chamber. The experimental arrangement is shown

schematically in Fig. 1.
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Fig. 1. Experimental layout.

Energy and time signals from eight detectors,

viz. two counters (PC11, PC12) and 32 and 1500
um Si detectors (SiAE;, SiE4) for CT1, and two
counters (P021, P022) and 50 and 150 um Si
detectors (SiAEz, SiE2) for CT2, were taken as
list mode data on magnetic tape by a CAMAC data
acquisition system, after being treated by a NIM
-module electronic system. The multiparameter
event data were analyzed in real-time for the
particle identification and energy spectra of
identified charged particles (p, d, t or dye)
were obtained in off-line. The particle
identification was almost completely performed.
The absolute cross sections for “Li have
been determined with overall accuracies of about
+5 - 11% for the (n,d) case and #7 - 14% for the
(n,t) case in a measured angular region from 0°
to 130°.
matic error originated from the uncertainties in
target thickness (+1 - 3%), geometry (+3%) and
neutron flux (1 - 27).
sections for 7Li were determined with the sta-
tistical errors of about 4 - 32% for (n,t) in

a measured angular region from 0° to 90° and of

These uncertainties include the syste-

The absolute cross

about *+40% for (n,d) in a measured region 0° -
50°.  These data on ’Li do not include the
systematic error mentioned above.

Results and discussion

The energy spectra of deuterons and tritons
from the reactions 6Li(n,d)SHe and 7Li(n,t)5He,
respectively, were measured at various telescope
setting angles in the ranges from 0° to 1300 for
6Li and to 90° for 7Li.
the measured spectra is shown in Fig. 2. The

A typical example of

energy spectra observed at forward angles show
remarkable peaks due to the final-state inter-
action (FSI) especially at the high energy end,
as seen in Fig. 2. The curves drawn in Fig. 2

are the results of calculations taking into

account n-o, n-t and t-o FSIs, which are repre-
sented by the phase-shifts 62JL of L-wave
scattering in the unobserved pair subsystem of
total angular momentum J in the final state.

An energy resolution of 800 keV has been folded
Both the deuteron-
and the triton-energy spectra are dominated by
the FSI effects of the well-known P3/2 n-a
scattering at the high energy end. In this

into the curves of Fig. 2.

energy region, the Lehman effect of the n-a
plane-wave final-state componentTO does not

In the case of the
triton energy spectrum, the significant enhance-
ment due to the t-a FSI appears in the middle
energy region, as seen in Fig. 2.

appear to be significant.

The corres-
ponding d-o FSI enhancement in the case of the
deuteron energy spectrum should exist in an
Thus, in the
case of the reaction consisting of three

unobserved low-energy region.

particles in the final state, the measured energy
spectrum must be analyzed for each FSI channel

in a three-body model and also corrected for any
unobserved low-energy part, before energy
integration of the double differential cross
section obtained is carried out, in order to
compare the experimental result with DWBA
calculations.

The measured and analyzed data on the
differential cross section for the 6Li(n,d)5He
(P3/2) reaction in the center-of-mass (c.m.)
system are summarized in Fig. 3 and also Table 1.
The data1 at each angle has been obtained from
the measured energy spectrum by making a correc-
tion for the unobserved lower-energy region on
the basis of the Watson-Migdal form. The curve
drawn in Fig. 3 is the result of the EFR-DWBA
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calculation1.

The sharp rise in the backward
angular distribution predicting by the EFR-DWBA
calculation is in favour of our dataa.
differential
6Li(n,t)4He reaction are
summarized in Fig. 4 and also Table 1. The
curves in Fig. 4 are the result of the EFR-DWBA
calculations in both cases of the incoherent sum
of the deuteron-pickup amplitudes only (the

! and the coherent sum between

The measured data on the c.m.
cross section for the

solid line)
the d-pickup and the
(the dashed line)Z.

3He—pickup amplitudes

The measured data on the c.m. differential
cross section for the 7Li(n,t)5He reaction are
shown in Fig. 5. The data’

for 7Li(n,t)5He(P3/2) have been derived by the
of 6Li(n,d)
without involving a plane-wave final-
10 in the n-a scattering state

same way as that used in the case1
5

He(P3/2)
state component
and some FSI channels other than the P3/2 n-uo

of the EFR-DWBA calculations .

The preliminary data on the c.m. differen-
tial cross sections for the reactions 7Li(n,d)
%He (g.5.,0") and 7Li(n,d)CHe® (1.80 Mev,2%) are
shown in Fig. 6. The measured
cross section for 7Li(n,d)6He*(1st) should be too
large, because of the uncorrection for a contri-
bution from 7Li(n,d)a2n.
of the absolute cross sections is in progress.
The curves drawn in Fig. 6 are the result of the
EFR-DWBA calculation using the optical model
potentials of Hyakutake et al.!? for n-"Li and
12 uho obtained the d-fri
All the DWBA calculations
in this work were performed by using the code

The final confirmation

of Bingham et al.
potential, for d-6He.

DWUCK513 and the potential parameters given in
Table 2.

Conclusions

The differential cross sections for the 14.1

channel. The curves in Fig. 5 are the result
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and (n,t) reactions on 6Li. However, some dis
crepancies between the experimental data and the
DWBA calculations appear over the whole angular
region, especially at very backward angles.

For example, a coherent sum of the d- and 3He-
pickup amplitudes improves the discrepancy at
larger angles than 150° for the 6Li(n,t) case.
The experimental data on 7Li(n,t)5He could

be reproduced by only the d pickup mechanism or
not the knock-on mechanism predicting too small
cross sections. Further theoretical studies ar
necessary to obtain better agreement with the
experimental data.
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Table 2. Potential parameters used in
the EFR-DWBA calculations.

n-%Li n-7Li d-SHe t-%He t- He d-CHe

37.0
19.00

115.0
0.685

138.0 138.0 92.5
2.0V 2.0V 72.48

18.8
1.60
1.43

0.0
1.26
1.80

9.2
0.93
2.00

18.8
1.10
2.00

17.2
2.17
2.35

0.61
0.61
1.40

0.70
0.65
1.40

0.50
0.40
0.00

0.73
0.31
1.40

0.70
0.65
1440

0.55
0.00

~ Ref. 11 11 1 1 12
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G: Gauss, S: Surface W-38, V: Volume W-S.






