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A summary of our measured cross sections for the 14.1 MeV neutron-
induced reactions on lithium isotopes has been presented. Our data were
measured with two counter telescopes, each of which consisted of two gas
proportional counters and silicon AE and E detectors. Measured energy
spectra of deuterons and tritons from ®Li(n,d)n"He and 7Li(n,t)n"“He,
respectively, were analyzed by a simple final-state interaction theory.
Measured angular distributions for these reactions as well as bLi(n,t)"He
and Li(n,d)®He were analyzed by exact finite-range distorted wave Born
approximation (EFR-DWBA) calculatiomns. Spectroscopic factors extracted

from the EFR-DWBA analyses have been compared with theoretical predictions.
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1. Introduction

Experimental data on the fast-neutron induced reactions for the
emission of charged particles from lithium isotopes 6’7Li are very
important to investigate not only the reaction mechanism and the cluster
structure in nuclear physics but also the fusion reactor in .nuclear
engineering., However, the data and aralyses of absolute cross sections
for these reactions are very scarce even at the present time.

Previously, we measured the differential cross sections for the
reactions 6Li(n,d)5He and 6Li(n,t)Z‘He at 14.1 MeV in 2 limited angular
region and compared ocur data with the calculations of exaclt finite-range
distorted wave Born approximation (EFR—DWBA}W). Since then, we have
continued to obtain the abscolute cross gection data not only on 6L12’3)
in a wider angular region but also on r7L:'L4’5’6). Ag mentiocned in a
previous paper5), some discrepancies between experimental data and EFR-

6)

DWBA calculations were Tound at scme angles. A remeasurement’ was

. required to obtain more accurate energy spectra of tritons and deuterons
especially from 11 bombarded by 14.1 MeV neutrons. As the result of
these efforts, it was found that our data were in fairly well agreement

7-10)

with the data of Zagreb group using 14.4 MeV neutrons in some angular

ranges and generally could be reproduced toc some extent over measured
angular ranges by EFE-DWBA calculations, yielding information about
spectroscopic factors on the basis of the particle pickup mechanism.

1-6)

In this paper, we present a summary of our experimental data

on. the one- or two-nuclecn transfer reactions for 6’7Li, comparing with

the Zagreb data of 14.4 MeV in some figures as well asg with the EFR-DWBA

predictions to derive spectroscopic factors. In sect. 2, we also
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6)

describe the details of our newly performed experiment~’, in which we
almed toc settle the 7Li(n,d)6He data of relatively small cross sections

{lesg than 1 mb/sr).

2. Experimental procedures

The procedures of our series experiments using 95.587% enriched 6Li

metal targets of various thicknesses ranged from 2.35 to 3.74 mg/cm2 and

¢ natural lithium metal target have

2,3,4)

a preliminary one using a 12.44 mg/em
been reported in a previously published paper1) and unpublished ones
These experiments have been performed using an old 200 kV Cockeroft-Walton
accelerator of Rikkyo University. As mentioned in sect. 1, here we
describe only our mogt recent experiment on T3 using a newly constructed
300 kV Cockeroft-Walton acceleratorqq) for the production of the 31-4
neutrons of 14.1 MeV,

The absolute determination of neutron yields in this experiment was
performed with an accuracy of about 2% by use of the aséociated g-particle
method using a Si p-i-n photodicde (Hamamatsu S51723-06) as the a-monitor
and a “E-Ti-Cu target (Amersham TRT-31, 2.4 Ci). The details of this

method have been described elsewhere1?).

Another S5i p-i-n photodicde
(Hamamatsu S1722) and a NE213 liquid scintillator, which were placed at
3 cm and 100 cm respectively from the neutron source peint, were employed
as neutron monitors. An accelerated deuteron beam of 170 keV was
cocllimated by passing through two collimators of 3 mm and 2 mm in
diameter after focusing by G-magnets.

A 3.90 + 0.06 mg/on® target of 99.988%7 enriched 'Li metal was

prepared by rollingé} and placed on the upper hole of a target holder

(A1 or Ta) with two holes of 5.9 mm in diameter. This target was placed
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6)

describe the details of our newly performed experiment~’/, in which we
aimed to settle the 7Li(n,d)6He data of relatively small cross sections

{less than 1 mb/sr).

2. Experimental procedures

The procedures of our series experiments using 95,58% enriched 6Li

2

metal targets of various thicknesses ranged from 2.35 to 3.74 mg/em® and

2 patural lithium metal target have

2,3,4)

a preliminary one using a 12.44 mg/cm
been reported in a previously published paper1) and unpublished ones
These experiments have been performed using an old 200 kV Cockeroft-Walton
accelerator of Rikkyc University. As mentioned in sect. 1, here we
describe only our most recent experiment on L1 using a newly constructed
300 kV Cockeroft-Walton aoceleratorTT) for the production of the 3H-4
neutrong of 14.1 MeV.

The absclute determination of neutron yields in this experiment was
performed with an accuracy of about 2% by use of the aséociated a-particle
method using a 81 p-i-n photodicde (Hamamatsu S1723-06) as the a-moniter
and a 2E-Ti-Cu target (Amersham TRT-31, 2.4 Ci). The details of this

17). Another 5i p-i-n photodicde

method have been described elsewhere
(Hamamatsu S1722) and a NE213 liquid scintillator, which were placed at
3 cm and 100 em respectively from the neutron source peint, were employed
as neutron meonitors. An accelerated deuteron beam of 170 keV was
collimated by passing through two collimators of 3 mm and 2 mm in
diameter after focusing by G-magnets.

A 3,90 £ 0.06 mg/cm2 target of 99.9887 enriched 7Li metal was
prepared by rollingé} and placed on the upper hole of a target hclder

(A1 or Ta) with two holes of 5.9 mm in diameter. This target was placed
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3.0 cm from the neutron source point at the center of a scattering

12), In the chamber, two counter telescopes (CT1 and CT2) were

chamber
placed 4.6 cm from the lithium target. A collimator of 5 mm in diameter
was located in front of the AE detector of each counter telescope for
defining the solid angle, as seen in fig. 1. Each counter telescope
consisted of two gas proportional counters and silicon AE and E detectors.
The counter gas of Ar with 5% of G0, was filled to a pressure of 100 Torr
in the chamber, The experimental arrangement as well as the thicknesses
of the silicon AE and F detectors is shown gchematically in fig. 1.

A block diagram of the electronic system used in this experiment
is shown in fig. 2. Energy and time signals from eight detectors, viz.
tWo counters (P071, PC12) and 32 um and 1500 pum S5 detectors (SiAET,
SiEq) for CT1, and two counters (P021, PC22) and 16 um and 1500 um Si
detectors (SiAE2, SiE,;) 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 particle identification, and the energy spectra of
separated charged particles (p, d, t and %He) were obbtained in the off—
line analysis., The particle identification was almost completely
performed, as seen in fig. 3-a (with target) and -b (without térget) for
the telescope setting angle 90 = 0% and slsc in fig. 3-c¢ {with target)
and -d (without target) for 6y = 509, which illustrated the typical
examples of a plot of energy F vs energy loss AE.

In cur series experiments, the absolute cross sections for 6Li have
been determined with overall accuracies of about +5 — 11% for the (n,qd)

case and *7 - 147 for the (n,t) case in the measured angular range from

0% to 130°. These uncertainties inelude the systematic error originated
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from the uncertainties in target thickness (+1 - 37), geometry (£3%2) and

neutron flux (+2%). The absclute cross sections for 711 were determined

with the statistical errors of about 4 - 327 for (n,t) and of about *40%
for (n,d) in the nmeasured angular range from 0% to 80°. Thege data

on 711 do not include the systematic error menticned above.

3. Results and discussicn

The energy spectra of deuterons and tritons from the reactions
6Li(n,d)5He and 7Li(n,t)5He, respectively, were measured at various
telescope setting angles in the ranges from 0° to 130° for 13 and to 80°
for 'Li. These experimental data for the final three-particle reactions
are tabulated in the appendix {tables A1 and A2). Typical examples of
the measured energy spectra are shown in fig. 4. The energy spectrum
cbserved at a forward angle shows a remarkable peak due to the final
state interaction (FSI) especially at the high energy end, as seen in
fig. 4. The curves drawn in fig. 4 are the results of calculations
taking into account n-o, n-t and t-o ¥SIs, which are repregsented by the
phase-shifts 62JL of L-wave scaltering in the unobserved pair subsystem
of total angular momentum J in the final state. An energy resolution
of 800 keV has been folded intc the curves of fig. 4. DBoth the deuteron-
and the triton-energy spectra are dominated by the FSI effects of the
well-known P3/2 n-0 scattering at the high energy end. In this energy
region, the Lehman effect of the n-o plane-wave final-state COmponentTB)
does not appesar tc be significant. Irn the cage of the triton energy
spectrum, the significant enhancement due lo the t-o FSI appears in the
niddle energy region, as seen in fig. 4. The corresponding d-o F3I

enhancement in the case of the deuteron energy spectrum for 6Li should
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from the uncertainties in target thickness (#1 - 3Z), geometry (23%) and
neutron flux {22%). The absclute cross secticns for 714 were determined
with the statigtical errors of about £4 - 327 for (n,t) and of about TA0Z
for (n,d) in the measured angular range from 0° to 80°. These data

on 711 do not include the systematic error menticned above.

3. Resulte and discussion

The energy spectra of deuterons and tritons from the reactiocns
6Li(n,d)5He and 7Li(n,t)5He, respectively, were measured at various
telescope setting angles in the ranges from 0° to 130° for 6Li and to 80°
for 'Li. These experimental data for the final three-particle reacticns
are tabulated in the appendix {(tables A1 and AZ). Typical examples of
the measured energy spectra are shown in fig. 4. The energy spectrum
obgerved at a forward angle shows a remarkable peak due to the final
state interaction (FSI) especially at the high energy end, as seen in
fig. 4. The curves drawn in fig. 4 are the results of calculatiocns
taking into account n-o, n-t and t-o ¥FSIs, which are repregented by the
phase-shifts 62JL of L-wave scaltering in the unobserved pair subsystem
of total angular momentum J in the final state. An energy resolution
of 800 keV has been folded intoc the curves of fig. 4. Both the deuteron-
and the triton-energy spectra are dominated by the FSI effects of the
well-known P3/2 n-o scattering at the high energy end. In this energy
region, the Lehman effect of the n-a plane-wave final-state camponenth)
does not appear to be significant. In the case of the triton energy
spectrum, the significant enhancement due Lo the t-o FS8I appears in the
niddle energy region, as seen in fig. 4. The corresponding d-o FSI

enhancement in the case of the deuteron energy spectrum for 6Li should
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exlst in an unobserved low-energy region. Thug, in the case of the
reaction consisting of three 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 the
energy integraticn 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. 5 and also table 1, The crocss section data1) at
each angle has been obtained from the measured energy spectrum by making
a correction for the unobserved lower-energy region on the basis of the
Watson-Migdal form. The curve drawn in fig. 5 is the result of the EFR-
DWBA calculation1). The sharp rise in the backward angular distribution
predicted by the EFR-DWBA calculaticn is in favor of our dataB).

The measured data cn the c.m. differential cross section for the 6Li
(n,t)AHe reaction are summarized in fig. 6 and also table 1. The curves
in fig. 6 are the result of the EFR-DWBA calculations in both cases of
the inccherent sum of the d-pickup amplitudes only (the solid line)1)
and the coherent sum between the d-pickup and 3He—pickup amplitudes
(the dashed line)?),

The optical potential parameters used in the EFR-DWBA calculations

&

are summarizeds) in table 2 for the n-°Li and the n-'Li reactions in

gur works. We used the optical potentials of Hyakutake et al.14) for
the entrance channels of n—6Li and n-'Li. All the EFR-DWBA calculations
in our works have been performed by using the code DWUCK15).

The data on the c.m. differential cross sections for the reactions
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"Li(n,d)%e(g.5., 0) and "Li(n,d)%He*(1.80 Mev, 2') are shown in fig. 7
and alsc table 3. The measured cross section for 7Li(n,d)6He%(15t, 27y
has been corrected for a contribution from 7Li(n,d)unn by means of the
analysis of the measured deutercn energy spectrumé). Our previocus data5)
on the differential cross section for 7Li(n,d)6He%(TSt), which are larger
in the magnitude by a factor of 3 than the present dataé) as well as than
the EFR-DWBA predictions5), sheuld be revised by the correct reanalysis
of background‘subtraction and/or of the 6He (+ ann) breakup contribution.

The curves drawn in fig. 7 are the result of EFR-DWBA calculations5)
using the same potential parameters as those of Bingham et al.16), who
obtained the d-6Li potential, for the d-6He exit channels.

The measured data on the c.m. differential cross section for the 'Li
(n,t)5He reaction are shown in fig. 8 and also table 4. The data4’6)
for 7Li(n,t)5He(P3/2) have been derived by the same way as that used in
the case!) of 6Li(n,d)5He(P3/2) without involving a plane-wave final-state
componenth) in the n-0 scattering state and some FSI channels other than
the P3/2 n-o channel, The curves in fig. 8 are the result of the EFR-
DWBA calculations5).

Spectroscopic factors were extracted from the experimental data in
comparison with the EFR-DWBA results in a similar way to that described
in ref. 1. The result of the spectroscopic factors obtained are
summarized in table 5 in comparison with shell model prediction517’18’19)
and calculated ccefficients of fractional parentage (CFP)20’21) as well
as Qith three-bedy cluster model prediction322). The present result
seems to be almost consistent with the theoretical predictions except

the shell model predictions of Cohen and Kurath17) giving somewhat small

facters. A highly accurate analysis would be required to extract more
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precise information about spectroscopic factors for TLi, as performed

for the 6Li case1’23) taking into account state configuration mixing.

o Conclusions

The differential cross sections for the 14.1 MeV neutron induced
reactions of charged-paprticle (d and %) emission from 6’7Li have been
measured and summarized in this paper. Our experimental data are in fair
agreement with the Zagreb data of 14.  MeV.

Our experimental data have given clear evidence of the backward
increase of the 6Li(n,d)5He cross section, predicting by the EFR-DWBA
calculationq) based on the proton pickup mechanism, Generally, the EFR-
DWBA calculations based on the pickup mechanism of one- or two-particile
transfer reproduce forward differential cross sections for the (n,d) and

6

(n,t) reactions on “Li. However, scome discrepancies between the
experimental data and the DWBA calculations appear over the whole sngular
region, especially at very backward angles. For example, a coherent sum
of the deuteron and 3He pickup amplitudes improves the discrepancy at

6

larger angles than 150° (c.m.} for the °Li(n,t) case.

The experimental data on 7Li(n,d)6He(g.s.) and 7Li(n,d)6He(Tst)
are well repreoduced by the EFR-DWBA calculationg based on the proton
plckup mechanism.

A contribution of only the n-w FSI to the cross section data on 711
(n,t)5He is described dominantly by only the deuteron pickup mechanism.
The triton knockon mechanism predicts too small cross sections.

The extracted spectroscopic factors in this work have been compared

with the theoretical wvalues, predicting to be slmost consistent except

the values of Cohen and Kurath. However, because of some discrepancies
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precise information about spectroscepic factors for 7Li, as performed

&

for the -“1i case1'23) taking intc account state configuration mixing.
Lo Conclusions

The differential cross sections for the 14.1 MeV neutron induced
reactions of charged-paprticle (d and %) emission from 6’7Li have been
measured and summarized in this paper. Our experimental data are in fair
agreement with the Zagreb data of 14.4 MeV.

Our experimental data have given clear evidence of the backward
increase of the 6Li{n,d)SHe cross gection, predicting by the EFR-DWBA
calculationT) based on the proton pickup mechanism., Generally, the EFR-
DWBA calculations based on the pickup mechanism of one~ or two-particle
transfer reproduce forward differential cross sections for the {(n,d} and

6

(n,t) reactions on °Li. However, some discrepancies 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 deuteron and ~He pickup amplitudes improves the discrepancy at

6

iarger angles than 150° (c.m.) for the °Li(n,t) case.

The experimental data con 7Li(n,d)6He(g.s.) and 7Li(n,d)6He(1st)
are well reprcduced by the EFR-DWBA calculationg based on the proton
plckup mechanism.

4 contribution of only the n-w FSI to the cross section data on L1
(n,t)sHe is described dominantly by only the deuteron pickup mechanism.
The triton knccken mechanism predicts too small cross sections.

The extracted spectroscopic factors in this work have been compared

with the theoretical wvalues, predicting to be almost consistent except

the values of Cohen and Kurath. However, because of some discrepancies
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found in detail between theoretical and experimental angular distributions

over wide angular regions, further theoretical studies based on DWBA
as well as the Faddeev approach'should be necessary to extract mecre
precise values of spectroscopic factors egspecially for TLi.
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Table 1 Measured c.m. differential cross secticns for the reactions

6L:(n,d)%He and CLi(n,t)%He at 14.1 MeV.

6L1(n,a) Ke OLi (n, t) 4He Ref.
Telescope
setting C.m. mean C.m. mean
angle 6,  angle 0,70 do(0)/d0"")  angle 9,  do(0,)/dn
(deg) (deg) (mb/sT) (deg) {(mb/er)
0 8+ 5% g2 s 2,40 8+ 48 7.4+ 0.59) 1)
14 18 + 8 39.3 £ 2.0 17 £ 8 5.5 & 0.l 1)
22 278 30,0 % 1.5 28 * 9 2.7 £ 0.2 1)
30 35 + 7 24,6 + 1.3 36+ 7 2.1 £ 0.2 1)
40 50 + 6 10.2 £ 0.5 50 £ 7 2.0 = 0.2 1)
50 62 = 6 7.3 + 0.4 64 + 6 1.5 + 0.2 1)
60 T4t 5 3.0 £ 0.3 71+ 5 1.3 £ 0.2 1)
93 110 + 5 1.4 + 0.5 110 + 5 1.8 + 0.2 2)
100 116 + 4 2.5 * 0.6 M7 £ 4 1.7 + 0.2 2)
115 130 £ 4 5.0 £ 0.8 131 £ 4 1.4 = 0.1 3)
130 144, £ 3 6.4 t 2.0 145 £ 3 1.7 £ 0.3 2,3)
17 157 = 9 1.3 + 0.10°) 1)
11 165 + 9 2.0 £ 0,14%) 1)
3 172 + 6 2.3 £ 0.14%)  1,2)

+) The angle corresponding to 5He(g.s.).

++) The cross section has been corrected for an unobserved low-energy
part by means of the n-a FSI theory.

a) HWHM of the calculated angular freguency distribution.

b) The error includes the gystematic overall error (+4.87) in addition
to the statistical error.

¢) The data frem the alpha particle measurement.

- 10 —
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Optical potential parameters used in the EFR-DWBA calculations.

The potential form expression is the same as that given in

ref., 1.
Entrance channels Exit channels
n-b11 n-TL1 d-"He  da-PHe  t-blle  t0He

Potential depth parameters:

vV {(MeV)
W (MeV)
Vso (MeV)

37.3 37.0 115.0 92.5  138.0  138.0
19.26 19,00 0.685 72,45 2.0V 2.0
31,2 18.8 0.0 7.2 9.2 18.8

Range parameters:

ry  (fm)
ro' (fm)
a {fm)
b (fm)
r, (fm)
Ref.

1.63 1.60 1.26 2.17 0.93 1.10
1.43 1.43 1.80 2.35 2.00 2.00
C.53 0.50 Q.73 0.67 G.70 0.70
0.55 0.40 0.31 0.61 0.65 0.65
0.00 0.00 1.40 1.40 T.40 1.40
T4 14 1 5 1 5

G: Gauss form. S: Surface Woods-Saxon form. V: Volume Woods-Saxon form.
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Table 3 Measured c.m. differential cross sections for the reactions

7Li(n,d)%He (g.s.) and "Li(n,d)PHe™ (18t) at 14.1 MeV.

71i(n,dq) %k (g.5.) "Li(n,d;) 08" (151)
Telegcope Ref.
setting C.m. mean C.m. mean’
angle 85 angle ®d+) do(04)/df angle 6d++) do(0:)/at
(deg) {deg) (mb/sr) {deg) (mb/sr)
0 8 = 5%) 0.7 + 0.4P) g +58) .8+ 0.50) 6)
8 + 5 2.0 £ 0.8 9 % 4 2.5 + 0.9 5)
5 10 + 8 2.0 £ 0.8 11 + 8 2.7 + 1.0 5)
10 13 £ 9 1.5 £ 0.6 12 £ 9 1.0 £ 0.6 6)
15 + 8 2.6 £ 1.1 16 + 9 2.8 £ 1.0 5)
20 25 + 9 2.4 + 0.6 27 £ 9 0.6 £ 0.4 6)
27 =7 1.4 T 0.4 29 + 7 2.5 * 0.9 5)
30 L1 £ 8 1.0 £ 0.6 LL + 8 0.4 + 0.6 6)
L0+ 6 1.4 + 0.6 L3 + 7 1.9 £ 0.9 5)
40 52 £ 8 0.4 £ 0.3 56 + 8 0.2 £ 0.3 6)
53 £ 6 0.9 + 0.5 57+ 6 0.0 £ 0.7 5)
50 65 t 7 0.2 £ 0.4 7T o2 7 0.1 £ 0.4 &)
66 + 5 1.1 £ 0.7 71+ 5 5)
&0 78 = 6 0.6 £ 0.4 831 + 6 6)
80 100 = 4 0.2 £ 0.3 107 + 4 6)

+) The c.m. angle calculated for the reaction 7Li(n,d0)6He(g.s.) of
= =7.753 MeV.
++) The c.m. angle calculated for the reaction 7Li(n,d1)6He*(1st) of
Q = -9.553 MeV.
a) HWHM of the calculated angular frequency distribution.

b) The errcr is the statistical error only.
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Table 4 Meagured c.m. differential cross section for the reaction

"Li(n,t)%He at 14.71 MeV.

Telescope Lab. mean C.m. mean dO(@t)/dQ*) do(@t)/dﬂ**) Ref.
setting angle 0,  angle ®t+ (Eqz 3.2 MeV)
angle 95
(deg) (deg) (deg) (mb/sr) (mb/sr)
0 5.8 7.8 £ 5 a) 20.7 = 0,62 11,7 + 1.1%) 6)
0 6.3 8.1 *+ 5. 23.4 = 0.9 5)
0 7.3 9.4 * 5. 14.5 + 1.2 4)
5 7.6 10.1 = 5 19,4 + 0.9 5)
5 8.5 1.4 = 5 13.8 + 1.1 4)
10 9.4 12.6 = 5 20.9 + 0.6 12,9 + 1,2 6)
10 1.7 14.8 = 17 19,3 + 0.9 5)
15 15,9 21.4 = 7 5.0 + 0.5 4)
20 18.2 2444 £ 7 16.2 * 0.6 10.4 + 1.0 6)
20 20.3 26.8 £°7 16.9 + 0.9 5)
25 25.3 33.7 £ 7 4L.8 + 0.5 4)
30 30.4 LOJL T 7, Aol = 0.6 5.0 + 0.7 &)
30 30.1 40.0 £ 6. 15.8 £ 0.9 5)
35 35.0 46.4 7 5.5 * 0.5 4)
40 39.2 51.8 + 7. + 0.5 6.6 + 0.9 6)
40 39.9 52,7 + 6, .1 £ 0.8 5)
L5 44,.8 58.9 * 6. 7.0 * 0.6 A7
50 9.2 6L.3 + 6. 14.7 + 0.3 6.7 = 0.9 6)
50 49.8 65.1 * 5, 12.0 + 0.8 5)
55 54.7 71.1 £ 6. 5.4 * 0.6 4)
60 60.1 77.5 + 6, 7.5 + 0.5 2.9 + 0.6 6}
60 59.8 77.2 £ 5, 7.1 £ 0.7 5)
65 64,07 82.9 t 5, 3.1 = 0.5 L)
70 69,8 88.7 + 5 3.6 £ 0.7 5)
80 79.5 99.3 * 5, 5.3 £ 0.5 2.4 0.7 6)
80 79.8 99,6 + 5 2.6 + 0.7 5)
90 89.9 110.1 £ 5 2.2 + 0.7 5)
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The cross section for tritons of energies larger than 3.2 MeV.
The cross section for the reaction channel 7Li(n,t)nu with the
n-g FSI only.

The c.m, angle calculated for the 'Li(n,t) 5He(g.s.) of Q =
~3,360 MeV.

HWHM of the calculated angular freguency distribution.

The error does not include the systematic error of the correction
for an unobserved part of the spectrum by means of the n-q FSI

theory.
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Table 5 Spectrescopic factors SZX (a) extracted in this work

J

assuning Sdn (1s) = 1.00 and Stnd = 1.50.

B

g% f{a;) = <T‘TQ'TTZ}TTZ>2S(lj) for a system z (isotopic spin

)

T, the z component TZ) made up of clusters x (T,TZ) and y (T',

)

T_ ') in relative motion state a; with the transferred orbital

angular momentum 1 and total angular momentum j, where S(1j)

is the spectroscopic factor of Cohen and Kurath17).

This work Theory Ref.
z = bLi(1t):
gbli - 0.91 0.93 0.82  0.82  18)
p5He(3/27) : ' : '
0.32  0.34 17)
gbLi ¥ 0.75 0.07 1.00% 20)
d4He{0") . - .
0.75 0.75 21)
1.13 22)
z = 'Li(3/27):
714
5™ beme (o) 1.0 0.59 17)
- 0.8 G.50 19)
714
S pbHe (27) 1.0 0.22 0.18 17)
- 0.6 0.10 19)
57l -y 0.8 0.4 0.45% 0.452 20)
d5He(3/27) - Ut . " .
- 1.0 0.80P 0.80P 21)
1.26  1.27 22)

a

b T1: 2 4+ AHe.

The two-particle coefficients of fractional parentage (c.f.p.).
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Fig, 2 Block diagrams of (a) the main electronic system

including the a-monitor for T-d neutrons and (b)

the timing and counting loss monitoring system.

PA,
filter amplifi

CFD: discriminator; COIN:

TAC:
stretcher;

SA, DLA, AMP and DA:

er; TSA:

amplifiers;

time-to-amplitude converter; LGS:
PHA: pulse-height analyzer;

TFA:

timing single channel analyzer;

timing

coincidence circuit;

(a)

(b)

linear gate

SCL:

scaler.
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DIFFERENTIAL CROSS SECTION d?0c/dn-dE (mb/sr-MeV)
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| 1 I ) 1

E, =14.1MeV
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Q

x

L 411
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1

L

n-o FSI (67) j333
BT ’

n-a FSI (67)

Lot g ool

1

e T

1 { 1 1 1 | ) el YO | ]
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d or t ENERGY E(MeV)

4 Typical examples of measured and calculated

deuteron- and triton-energy spectra from the
6Li(n,d)SHe reaction at 6.3° and the 7Li(n,t)
5He reaction at 5.80, respectively,

6EJ represents the phase shift cf L-wave
scattering in a final subsystem of total angular

momentum J.
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Appendix
Table A7 Measured deuteron energy spectra from the reaction 6Li(n,d)5He
at 14.17 MeV. (The data froem fig. 3 in ref. 1.)
5, = 6.3° 7, = 13.7° 5, - 20.7° Ty = 27.1°
Ey alo/da-aE, E;  do/d0.dE, E, d%o/da-dE, E;,  dlesda-dEg
(MeV) {mb/sr-MeV) (MeV) (mb/sr-MeV) (MeV) (mb/sr.MeV) (MeV) (mb/sr.MeV)
6,94 3,82 *+ 0,64 7.27 .02 * 0,75 7.27 3.38 * 0,61 7.28 3.86 ¢ 0.47
7.05 3.95 ¢ 0,66 7.39 4.47 + 0,77 7.38 J.44 £ 0,62 7.39 3.98 £ 0,48
7.17 4,23 ¢ 0,68 7.50 5.07 £ 0,75 7.49 3.34 £ 0,62 7.51 3.99 ¢ 0.48
7.28 3.38 ¢ 0.60 7.61 4,92 £ 0,75 7.61 3.55 £ 0,63 7.62 4,00 * 0.49
7.39 4.50 £ 0,71 7.73 4,78 + 0.74 7.72 3.48 ¢ 0,63 7.73 4,19 ¢ 0.50
7.51 3.09 & 0,57 7.84 4,84 *+ 0,75 7,84 3.42 ¢ 0.63 7.85 3.62 = 0.49
7.62 4,21 * 0,68 7.96 4.75 £ 0,74 7,95 4,64 + 0,73 7.96 3.65 ¢ 0.49
7.74 4.90 * 0.75 8.07 4.67 £ 0,74 8.07 2.71 = 0,60 8.08 3.66 £ 0,50
7.85 5.88 * 0.83 8.19 5.93 ¢+ 0.83 8.18 4,43 = 0,77 8.19 3.52 £ 0.50
7,97 5,31 # 0,78 8,30 5.56 £+ 0,86 8,30 5.55 * 0.87 8.31 3,69 ¢ 0,50
8.08 6.00 + 0,84 8.42 4.30 £ 0,76 8.41 3.50 * 0,70 ¥.42 4.57 ¢+ 0.58
8.20 6,83 + 0,90 8,53 3.44 + 0,69 8,53 2,88 ¢ 0.63 8.54 4,77 + 0,58
8,31 5.43 + 0,79 8.65 3.37 £ 0,69 8.64 4.30 £ 0,82 8.65 4,32 £ 0,55
8.43 4,73 + 0,79 8.76 5.50 * 0.87 8,76 5.84 = 0,90 8.77 5,25 * 0.63
8.54 6.43 £ 0.93 8.88 5,07 ¢+ 0.84 B8.88 3.78 ¢ 0.72 8.88 4.95 ¢ (.61
8.66 5.14 * 0,84 9.00 4,81 £ 0,82 8,99 5.10 ¢ 0.86 9.00 S.60 ¢ 0.64
8.78 5.17 ¢+ (.85 9.11 6,39 ¢ 0,94 9,11 6,35 £ 0,97 9.12 5.77 ¢ 0.67
8,89 6.66 * 0,96 9,23 6.10 ¢+ 0,95 9,22 5.1%3 ¢ 0,86 9,23 6.17 * 0.71
9.01 5.96 ¢ 0,91 g.34 6.23 £ 0,96 9.34 3.99 * 0,78 9,35 5.27 * 0,65
9.12 6.62 * 0.96 9.46 5.51 % 0.90 9.46 6.43 + 1.00 9.46 6,11 £ 0.70
9.24 9.76 * 1,17 9.58 6.66 ¢+ 1,01 9,57 6.56 + 1,01 9.58 7.23 ¢ 0.78
9.36 7.34 + 1,04 .69 7.04 £ 1,05 9.69 7.74 £ 1,10 9.70 7.46 + 0,77
9.47 8.72 ¢+ 1,14 9.81 6.92 ¢+ 1,04 9,81 8,96 + 1,20 9.81 6.96 £ 0.75
9.59 9.88 * 1,21 9.93 8,35 £ 1,15 9,92 8,20 + 1,13 9.93 T7.47 ¢ (.78
9.71 7.74 £ 1,10 10.04 7.44 1,09 10.04 8.00 ¢ 1,12 10.05 7.93 + 0,78
9.82 8.70 £ 1.18 10.16 6,76 + 1,02 10.16 10.5% * 1,29 10.16 11.29 % 0.91
9,94 10,97 + 1,33 10,28 9.69 ¢+ 1,24 10,27 13,93 & 1.46 10,28 11.17 *+ 0,89
10.06 13.10 ¢ 1,46 10.39 11.28 + 1,34 10,39 14.86 * 1,47 10,40 11,96 % .91
10.17 14,27 ¢ 1,55 10,51 15.68 £ 1,55 10,51 15.90 + 1.50 10.51 11.17 + 0,87
10.29 17.01 £ 1,66 10,63 15.%1 ¢+ 1,50 10,62 18.32 ¢ 1.60 10,63 12,56 % 0,91
10.41 18,04 £ 1.73 10,74 19.42 ¢+ 1.66 10.74 19.20 2 1.62 10.75 13.04 % 0.93
10.52 16,31 * 1.63 10.86 18.00 ¢ 1,51 10.86 22.83 & 1,74 10.86 11,45 t Q.87
10.64 19.12 £ 1,73 10.98 22.95 * 1,77 10,97 20,12 ¢+ 1.63 10.98 9.40 ¢ 0.79
10.76 20,20 = 1.72 11.09 26.28 &+ 1.86 11.09 16.97 £ 1.50 11.10 7.69 ¢ 0.71
10.87 24.96 £+ 1.85 11.21 28.18 ¢+ 1,93 11.21 15,88 + 1.45 11.21 5.60 = (.61
10.9¢9 26.97 £ 1,94 11,33 25.84 + 1,85 11.%3 12.87 ¢ 1.30 11.33 3.09 * 0.46
11.11 29.29 = 2,01 11,45 23,79 + 1,77 11.44 7.39 ¢+ 1,00 11.45 2.17 * 0.39
11.23 34.83 ¢ 2,15 11,56 22.66 * 1.73 11.56 5.49 ¢ 0,86 11.57 1.64 *°0.34
11.34 37.01 £+ 2.21 11,68 i4.,40 * 1,39 11,68 2.36 * 0,57 11.68 0,74 ¢ 0,23
11.46 33.56 ¢+ 2,11 11.80 §.59 + 1,07 11.80 2.09 £ 0,54 11.80 0.06 * 0,07
11.58 33.41 £ 2,11 11.92 6,43 * 0,94 11.91 0.62 ¢ 0.30 11,92 0.00 & 0.00
11.70 28.75 ¢ 1,96 12.03 6.14 + 0,92 12,03 0,96 * 0,38 12,04 0.00 £ 06,00
11,81 15.88 * 1,46 12,15 3,09 * 0,67 12.15 0.23 * 0.19
11.93 i3.41 +# 1,34 12,27 2.03 ¢ 0,56 12,27 0.11 = 0,13
12.05 6.43 + 0,94 12,39 1.39 ¢+ 0,47 12,38 0.05 * 0,13
12.17 5.74 ¢+ 0,89 12,50 0.64 ¥ 0.33 12.50 0,00 * 0.00
12.28 2.60 ¢ 0.62 12.62 0,28 £ 0,35
12.40 1.91 ¢ 0.54 12.74 1,09 = 0,38
12.52 1.50 ¢ 0.49 12.86 0,06 t 0.00
12.64 0.96 + 0,41 12,98 0.27 * 0,53
12.76 0.14 ¢ 0,24 13,09 0.00 + 0,00
12.87 0.00 ¢ 0,00 :

The error is

given in FWHM.

The corrections have been carried out for background, energy losses of deuterons

in the target and the counter gas, and degraded neutron effects,
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Table AZ Mezsured triten energy spectra from the reaction 7Li(n,t}SHe

at 14.1 MeV. {The data from ref, 6.)

§oe= §.8° 9.4° 18. 2° 30. 4° 39.2°
Et d2¢/d4QdE: d2¢/dQdE. d20/dQdE:r d2o/dQdE:r d2 o /dQdE:
(MeV)  (mb/srMeV) (mb/srMeV) {mb/s rMeV) (mb/s rMeV) {mb/s rMeV)

3.2 6.4+0.9 6.1*0.9 6.5+0.9 5,7#%0.9 3.3x0.6

5.4x0.8 4.8+0.9 5.2+0.8 6.1%£0.9 3.5+0.7
3.6 5.2+0.8 4.4+0.8 3.7+0.7 6.7+0,9 2.3%0.86
3.8 5.3x0.8 4.8+0.7 2.3x0. 6 6.0x0.8 2.0x0.6

4.0 5.4%+0.8 5 7x0.8 2.1x0.6 5. 5%0.8 1.6+0.4
4.2 5.4%0.8 ,8+0.8 2.8x0.7 4.7%0.7 1.0£0. 4
4.4 51+0.8 5.5%0.8 3.0x0.7 3.4%0.7 1.11'0 5
4.6 4.8x0.8 5,1+0.8 2.2%0.7 2.8%0.7 0.7x£0.3
4.8 4.84+0.8 4.5%0.7 1.5+0.7 2.5%0.7 0.7+0.3
5.0 5.2%x0.8 5.0x0.7 1.8+0.7 2.0x0,7 1.7+0.6
5.2 5.2+0.8 5.0%0.8 1.8%0.7 1.6x0.7 1.5%0.5
54 5 0%0.8 h,4+0.8 2.0x0.7 2.8+0.8 1.3+0.4
5.6 4.8%+0.8 4.7%x0.8 2.1+0.8 3.1+0.8 1.2%0. 4
5 8 4.8*0.8 5.6*0.8 3.6x0.8 2.8+0.7 1.3%+0. 4
6.0 b.4%0.8 6.60.8 4.4x0.8 4.2+0.8 1.8%£0.5
6. 2 h.1x0.7 6.2x0.8 2.6+0.7 4,0+£0.8 L.1%0.4
6. 4 4.3%0.7 4. 5+0.7 2.4+0.7 3.3x0.8 1.4%0.4
6.6 4.0=x0.7 3.4x0.7 2,3%0.7 3.6£0.7 1.5%0. 4
6.8 4, 0x0.7 3.0%0.6 2.8+0.7 3.6%0. 7 Lix03
7.0 3. 7210 2.7x0.6 3.6%0.7 3.2%0 L7£0.5
1.2 3.4x0.6 2.7x0.6 3.6x0.7 2.5%0.7 1.7x0.6



Table A2 {continued).

JAERI-M 8%-107

0:=5.8" 9.4 182 30. 4° 39. 2°

E:t d2 g /d Q dEq d? 0 /dQdE, d2 o /d QdE, d? 0 /d QdE: d2 ¢ /d 2 dE.
(MeV)  (mb/srMeV) (mb/s rMeV) (mb/s rMeV) (mb /s rMeV) (mb/s rMeV)
7.4 3.3x0.6 2,606 4.0x0.7 1.6+0.6 1.5*0.6
1.6 3.6+0.7 2.7x0.6 3.2x0.7 1.9x0.6 1.010. 4
7.8 4.0%0.7 2.630.6 4.210.7 3.3x0.7 2.6x0.4
8.0 3.7x0.7 4.440.7 5.9x0.7 3.7x0.6 4.2+0.86
8.2 3.8x0.7 4.1£0.7 5.5+0.7 3.5x0.6 4.8+0.6
8.4 4.2x0.6 4.0+0.6 5. 3x0.7 5.0x0.6 6. 20,7
8.6 4.6x0.6 .81+0.6 6.120.7 5.9%0.7 6.4%0. 7
8.8 b. 1x0.7 .hbx0.6 6.6x0.7 5.5%0.6 6.2+0.7
9.0 5.2%+0'6 4.8%0.6 1+0.7 5.6x0.6 6.0+0.7
9.2 5.9+0.7 5.6%+0.6 7.9%0.7 5.8x0.6 4.6+0.6
9.4 6.7x0.7 7.3x0.7 9.4x0.8 4,9%0.86 2.7x0. 4
9.6 8.21+0.8 9.71+0.8 1. 1x0. 8 3.2%£0.5 1.6x0.3
9.8 10.6x0.9 13.1%0.9 9.7%0.8 2.0%+0. 4 1.0%0.3
10,0 12.4%0.9 13.4%1. 0 7.6x0. 7 1.0£0.3 0.5%+0.2
10. 2 11.8+0. 9 11.5+0.9 5.7+0.6 0.5%0.1 0.3%0.1
10. 4 8.4%0.8 8.5%+0.8 3.0x0.4 0.2+0.0 0.1x0. ¢
10. 6 5. 1x0.6 4 8x0.5 1.8+0.3 0.1x0.0
10. 8 2.7x0. 4 1.84+0.3 I.1%0.2
11.0 1.240. 2 0.6+0. 1 0.440.1

z 44, 2+1.0 4.1x1.0 34.7+0.9 27.9+0.9 17.2+0.7 (mb/sr)

The error is given in FWHM.

The corrections have been carried out for background, energy losses of tritons

in the target and the counter gas, and degraded neutron effects.
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Table A2 {continued).

.= 49.2° 60. 2° 79.5°

E: d2 g /d QdE, d? ¢ /d QdE, d? ¢ /d QdE:
(MeV) ~ (mb/srMeV) (mb/s rMeV) (mb/s rMeV)

3.2 5.4%0. 4 3.7x0.8 1.4£0.6
3.4 d.6x0. 4 2.6+£0.7 1.3%0.6
3.6 2.9%0.4 2,1x0.7 1.5%0. 5
3.8 b 1.5*0.5

2.8%0. 4 2.0x0.

4.0  3.1£0.3 2.3+0.6 1.5+0.5
4.2 2.9+0.4 2. 120, 6 1.4+0.5
4.4  2.9+0. 4 1.5£0.6 1.240.5
46 3.4+0.4 1.4%0.6 0.940.3
4.8 3.5+0.4 1.7+0.6 0.4+0. 3
5.0 3.2+0.4 1.740.6 0.9+0.5
5.2  2.940.4 1.3+0.6 1.4+0.6
5.4  3.0%0.4 1.2+0.6 1.5+0.7
5.6 3.1%0.4 1.5£0.6 1.8+0, 6
5.8  3.3+0.3 1.940.5 1.7£0.5
6.0 3.2+0.3 2.1%0.5 1.3+0.6
6.2  2.9+0.3 2.1+0.6 1,2%0.5
6.4 2.8%0. 4 2.1%0.6 0.9%0. 3
6.6 2.6%0.3 2.2+0.6 0.60.2
6.8  2.9%0.3 2.5+0. 6

7.0 3.5%0. 2. 10,6

7.9 4.2+0.4 1.6+0.5

7.4 5.0+0.3 1.5+0.5
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Table A2 (continued).

.= 49.2° 60. 2° 79. 5°
Et d20/dQdE.  d26/dQdE:  d? 0 /d QdEs
(Me¥) {mb/s rMeV) (b /s rMeV) {mb /s rMeV)
7.6  5.2+03 1.240. 3
7.8 5.9+0 3 0.6+0.3
8.0 6 1+0.4 0.2+0. 1
8.2 54404 0.140.0
8.4  4.4+0.3
8.6 3.2+0 3
8.8 2.1+0.3
3.0 1.6+0 2
9.2  1.1+0:2
9.4 0.4+0,2
9.6 0.2+0. 1
9.8  0.1%0.1
10,0 0.1+0.1
T 231404 10. 140, 6 5.7+0.5 (mb/sr)

The error is given in FWHM.

The corrections have been carried out for background,

energy losses of tritons in the target and the counter

gas, and degraded neutron effects.



