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The energy spectra and angular distributions of protons and tritons produced in the photodis-
integration of Li’ are investigated. In the energy spectrum of phototritons produced at
E'ymax =30 MeV the observed groups correspond to excitation energies of 14.1, 16.2, 18.0,
19.6, 21.5, 23.5, and 25.3 MeV. In most of the energy ranges the triton angular distributions
have the form ~sin%$. Pronounced peaks have also been found in the Li’ photoproton spectra.
However, for E'ymax = 25 and 30 MeV the bulk of the observed protons are associated with

transitions to excited states of the He® nucleus.

INTRODUCTION

IT has been established that the probability of the
reaction Li’(y, t) He! is comparable to that of the
(v, n) and (v, p) reactions in the photodisintegra-
tion of Li’. The energy spectra of the tritons have
revealed sharply defined groups, leading to the
hypothesis that at relatively low excitation energies
the reaction occurs via a compound nucleus (52,
The angular distributions, which are close to 1
+sin? ¢ for the principal triton groups, represent
;:Iipole transitions to excited Li states with spin
/y.

For Li'(y,t) He%, Czyz 7 has considered theo-
retically the direct photodisintegration mechanism
of Li? as a system consisting of an @ particle and
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a triton in the Py, state. In this model, the triton
angular distributions should have the form 1 +1.5
sin? ¢.

n [ we obtained an angular distribution of
7.5—15-MeV tritons represented by a +bsin? ¢
with b/a = 2.5. It is difficult to reconcile this dis-
tribution with the aforementioned hypotheses re-
garding the mechanism of Li’(y, t) He?.

Shardonov and Shevchenko '*) have obtained the
energy spectrum and angular distribution of pro-
tons from the photodisintegration of Li
(E'ymax = 17.5 MeV). The energy groups in the
proton spectrum were regarded as corresponding
to excited Li’ levels.

In the present work we have investigated the
energy spectra and angular distributions of protons
and tritons produced in the photodisintegration of
Li" at different values of Eymax-

EXPERIMENTAL PROCEDURE

The experimental technique and method of iden-
tifying and measuring the energies of charged
particles produced in photodisintegration are
similar to those described in [4J except for some
changes in the apparatus. A lithium target 8
mg/cm? thick was placed in a vacuum chamber in
conjunction with two identical counter telescopes.
The head counters of the telescopes, giving pulses
proportional to the energy loss AE ~ dE/dx, were
proportional counters filled with argon and a small
admixture of methane; this made possible registration
of photoreaction products having somewhat lower
energies, and also enhanced the energy (AE) reso-
lution of the telescopes.

In order to reduce the distortions of pulses
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FIG. 2. Smoothed energy spectra of photoprotons from Li’
for E) max = 20 MeV (x), 25 MeV (o), and 30 MeV (e). Ordi-
nates represent the proton yield (in arbitrary units) relative to
an identical total y-ray energy. The arrows indicate the spec-
tral peaks.
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representing reaction products resulting from the
integration of many small background pulses in the
amplification channels, the pulses from the photo-
multipliers of scintillation counters in the tail ends
of the telescopes (pulses proportional to the parti-
cle energy E) were sent through ‘‘fast’’ integral
discriminators. This improved the energy (E)
resolution of the telescopes.

In these experiments we did not employ special
circuits to stabilize the amplification of the scin-
tillation counters.

EXPERIMENTAL RESULTS

Figure la shows the combined energy spectrum
of protons emitted in the photodisintegration of Li’
by bremsstrahlung having Eymax = 30 MeV at the
angles 54°, 72°, 90° 108° and 126°. In Fig. 1b the
same spectrum has been smoothed out; the arrows
point to peaks appearing in all the proton spectra
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FIG. 4. Angular distributions of protons from Li’ photo-
disintegration at E. max = 30 MeV for different energy inter-
vals: 1-3.8-4.2 MeV; 2-4.5-4.9 MeV; 3-5.2-5.7 MeV;
4-5.8-6.4 MeV; 5-6.6-7.2 MeV; 6-7.7-8.3 MeV; 7 —
8.6-9.2 MeV; 8-9.4-10.8 MeV; 9—10.2-10.8 MeV; 10—
11.0—-12.1 MeV. The smooth curves were obtained by least
squares using the formula a + bsin®*8(1 + y cos 9)’. Ordinates
represent the differential cross section per effective quantum.

registered by both telescopes at the indicated
angles.

Figure 2 shows the smoothed energy distribu-
tions of protons emitted in the photodisintegration
of Li' for E,may = 20, 25, and 30 MeV (& =90°).

Figure 3a shows the combined energy spectrum
of tritons measured under the same conditions as
the proton spectrum in Fig. 1. Fig. 3b shows the
cross section curve for Li7(y, t) He! derived
from the smoothed triton spectrum. The arrows
indicate the peaks appearing in all measurements
with both telescopes at the given angles.

The angular distributions of photoprotons and
phototritons for different energy intervals are
shown in Figs. 4 and 5. The angular distributions
were approximated by an analytic expression of
the form a + bsin? 4(1 ++vycos 8)2. The values of
a/b and vy determined by least squares, for the
proton and triton angular distributions in the sepa-
rate energy intervals, are given in Tables I and II.

Table III gives the cross sections for the pro-
duction of protons, deuterons, and tritons per ef-
fective quantum in the interval 4.8—7.8 MeV for
different values of E'ymax (# =90°). The data in
Table III include only the statistical errors and the
errors associated with inaccurate mass resolution
of the particles in treating the data.
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Table I
Proton Proton a.n%ular distributign Proton Proton angular distribution
energy a + bsin?8(1 +ycosg) energy a + bsin?g(1 + ycosg)?
interval, interval,
MeV o/ N MeV afb Y
3.8—4,2 | 2.840.5 | 0.4+0.1 | 7.7—8,3 | 1.43+0.30 | 0,35+0,1
4,6—4,9 | —5.0+0.7 — 8.6—9,2 | 0,28+0,04 | 0,08+0.1
5,2—5,7 3.240.7 0.25+0.1 || 9.4—10,0| 1,35+0,25 | 0,244-0,1
5.8—6,4 | 0.574+0.07| 0.135+0.1 10,2—10,8| 1.28+0,25 | 0,234-0.1
6.6—7,2 { 0.6144+0.08 0.20+0.1 {{11,0—12,1| 0.69+0.15 0.0+0,1
Table II Table ITI
Triton Triton angular distribution do cm?
energy |_a *bsin?s(l +ycos 9)? o ™ T8dEQ ST-MeV-0
interval, alb v '3
MeV E Ey max Ey max Ey max
[} =20 MeV =25 MeV = 30 MeV
6.7—7.2 —0,07+0,12 | —0,054-0.05
pie, | R 086 ] s | seses |0
! * A TA T Atasa 4 d | 0,11+0,03 { 0,404+0.12 | 0.60+0.3
11.8—42.6 | 0.50+0.15)|—0,3:+0.1 ¢t | 1)36£0,24 | 1.36£0.12 | 1.56%0.2
6,7—12,6 0.14+0.08 | —0,1240.1 ' ’ * ' =
7.5—15 [4] 0.4+0,07 —_
I
Table IV
Energy | Energy
Ef, MeV Ey, MeV level of | Ef, MeV Ey, MeV level of
Li’ [] Li” ]
6,6+0.2 | 14,1+0,3 14,0 10.9+0.2 | (21,5%+0,3)* (21,5)
7,8+0.2 16,2+0.3 16.2 12.1+0.2 (23.5%0.3) (23.5)
9.0+0,2 18,0+0,3 17,5 13.0%0,2 | (25.3%0,3) —
9.8+0.2 19,6+0,3 —

*Less reliable values are given in parentheses.

DISCUSSION OF RESULTS

The peaks of the cross section for Li’(y, t) He?,
denoted by arrows in Fig. 3, were compared with
the excited levels of Li? in [67. Table IV shows
that there is good agreement for the levels at 14.1,
16.2, 21.5, and 23.5 MeV. This can indicate that
the reaction Li’(y, t) He! involves the formation
of a compound nucleus. Levels corresponding to
the peaks at 19.6 and 25.3 MeV still apparently
have not been observed.

The angular distributions of tritons from
Li’(y, t) He%, calculated from the theory of reso-
nance y-ray absorption with compound-nucleus
formation, are given in [52]  None of these distri-
butions agrees with the angular distributions of the
form ~sin?$ in the present work (Table II).
Tritons associated with transitions to excited Li’
states having a specified spin J can be emitted
with different orbital momenta /; therefore the
angular distributions should have the form (7]

do (8)/dQ ~ D) Re {Ri'R1} Q¥'PL (cos )

wrL

(R , and R;I are the matrix elements of the opera-

tor R =iS - 1, where S 1s the scattering matrix,
1 is the unit matrix, QL are numerical coefficients

depending on ! and L, and Py, are Legendre poly-
nomials), if we do not consider the possible inter-
ference of the absorption of y quanta of different
multipolarities. At the present time it is impos-
sible to calculate theoretically the matrix elements

RZI determined by the nuclear structure. We can-

not exclude the possibility that in the reaction
under consideration the relations between the
matrix elements will lead to the vanishing of the
isotropic part of the angular distribution. However,

FIG. 5. Angular distribus
tions of phototritons from
Li’(y, t)He*. Ordinates repre-
sent the reaction cross sec-
tion in arbitrary units at
Ey max = 30 MeV in different
energy intervals: a—6.7-7.2
MeV; b—7.4-8.4 MeV; c—
8.6—11.4 MeV; d—-11.8-12.6
MeV. The continuous curves
for the first energy interval
were obtained using the for-
mulas sin’® and 1 + sin?9;
for the other intervals the
curves were obtained by
least squares from the for-
mula a + bsin?§(1 + ycosd)’.
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Table V
% of protons accom- | %.0f protons accom-
panying trar:is}ilnol:xs panying transitions
to second and higher to second and higher
Proton group : 6 ||[Proton group . €
energy, MeV excited states of He' energy, MeV excited states of He®
EYmax Eymax Eymax Eymax
=25 MeV = 30 MeV =25 MeV =30 MeV
3.8 50* 50* 6.80 28 40
4.6 90 90 7.70 30 50
5.25 75 85 8,60 45 85
5.85 34 60 10.20 0 45

*9%, of protons accompanying transitions to the third and higher excited

states of HeS,

it may appear surprising that this shape of the an-
gular distribution is observed for a broad energy
interval containing several excited levels.

In B3 the total integral and differential cross
sections for LiT(y, t) He! were calculated on the
two-particle model of Li’, in which it is assumed
that Li’ consists of an a particle and a triton in
the Py, state. The general formula representing
the differential cross section for Li’ disintegration
into an a particle and a triton through the dipole
absorption of vy quanta is

G 25 | 75 .
5 (%) = oz (7 + 7 510" 9)
+ZRGPSZFZEV26P$GPDCOS (6, — 0)(7sm —1);

opp and opg were calculated assuming square-
well potentials of different depths for states with
different orbital momenta (Vg, Vp, and Vp for
S, P, and D states, respectively). Vg and Vp
were selected for agreement with the experimental
angular distributions of the form 1 + 1.5 sin? ¢
given in () for 4.7-MeV v rays. On this model
Vs and Vp could probably be selected to make
the isotropic part of the angular distribution so
small as to produce agreement with the results of
the present work. It must be remembered, how-
ever, that the calculations represent a very rough
approximation.

In order to account for the experimental angular
distributions of phototritons and the structure of
the spectra it must evidently be assumed that both
of the discussed processes of phototriton produc-
tion actually take place.

The identification of groups in the photoproton
spectra is hindered by possible transitions to dif-
ferent excited states of the final He® nucleus
(1.71, 3.4, 6.0, and 9.3 MeV).[6) The photoproton
spectra obtained for three values of E,max (20,
25, and 30 MeV) permit only tentative conclusions
regarding the probabilities of transitions to dif-
ferent excited states for separate groups.

Table V gives the probabilities of transitions to

the second and higher excited states of He®, for
the different proton groups, with Eymax = 25 and
30 MeV. These data suggest that the bulk of the
protons produced through photodisintegration by
the given bremsstrahlung spectra are associated
with transitions leaving the residual nucleus in an
excited state.

The angular distributions of photoprotons in the
separate groups differ strongly from each other
with respect to the ratio of the coefficients a and
b (see Table I), and for most of the groups are
not in disagreement with the distributions based
on the compound-nucleus model. However, the
existence of angular distributions having the form
1 +1.5 sin? ¢ for three-proton energy intervals
indicates that direct photoproton emission is also
possible.

In conclusion the authors wish to thank G. M.
Shklyarevskil for discussions of the results, and
also the cyclotron crew.
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