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A programmed time-pulse height analyzer was used to study the y-ray spectrum emitted fol-
lowing resonance capture to individual levels of various isotopes of W, Hg, Pt, and Au. A
one-crystal (Nal) vy spectrometer was used; for Au the spectrum was found with a pair
spectrometer. Sizable fluctuations were seen in the unresolved part of the spectra ( E-y

~ 5—6 MeV), which may be explained as due to a high probability for single particle transi-

tions. No essential changes in the spectrum were seen when Hg

different spin.

THE study of the mechanism of radiative capture
enables us to check the degree of validity of vari-
ous nuclear models. The study of the y-ray spec-
trum following resonance capture of neutrons to
individual levels gives more definite information
than one can get from capture of thermal neutrons
or of neutrons with a whole range of energies.

We have studied the y rays accompanying
resonance capture of neutrons by heavy nuclei
with A = 180—200. In the ground states of these
nuclei the 3P neutron shell is being filled, and
one can hope for a theoretical interpretation of
the experimental data, since one knows the angu-
lar momenta of the initial and final states, and
one can use single particle estimates for the in-
tensity of the transitions in these nuclei. In com-
paring the spectra of y rays from different neu-
tron resonances of the same isotope (and the same
spin) we are essentially comparing transitions
from close highly excited states of the compound
nucleus (which differ by a few eV for a total exci-
tation energy of 7—9 MeV). Such a comparison of
y-ray spectra has two important aspects. First,
it is important for a correct averaging of the ex-
perimental intensities, since it is the average
values which must be compared to those computed
from the models. For example, the intensity of 7y
rays gotten from a thermal spectrum of neutrons
may differ markedly from this average, since the
contribution in the thermal region is usually from
a single neutron level, and the intensity of indi-
vidual transitions from it may fluctuate. Second,
the character of the fluctuations of the intensities
of transitions (or the partial widths Iyi) is of
intrinsic interest. For example, we may expect
that transitions which are close to single-particle

199 was excited to levels of

and transitions in which many particles participate
will have different degrees of fluctuation.

This is the second in a series of experiments
carried out at the neutron spectrometer of the
cyclotron of the Institute,[m] to obtain information
about values of T’ for heavy nuclei. The first
work, done in 1958, showed the presence of sizable
fluctuations in the intensity of transitions to the
ground state in W and Pt. These were somewhat
at odds with the results of Corge et al.,*) who ob-
served no strong fluctuations in several strong
transitions in Pt'% and U?. Interest in measure-
ments of y-ray spectra for heavy nuclei (for
transitions to excited as well as ground states)
increased after the publication of the paper of
Lane and Lynn,[s‘J which showed the importance
of the contribution of single-particle transitions
in resonance capture by heavy nuclei. We there-
fore choose the isotopes with A = 180—200 (Wm,
wits, pt1% Aul®", Hg!%, Hg!®) for a systematic
study of y rays following resonance capture. The
nuclei with lower values of A have large and un-
determined values of the spin of the neutron levels,
while those with larger A have no neutron reso-
nances below 200 eV.

The measurements were made possible by the
use of a multichannel programmed analyzer,m
which permitted simultaneous measurement of vy
ray spectra from a large number of individual
neutron levels. As in the previous work,m for
most of the measurements we used a single
medium size Nal crystal (diameter 140 mm,
height 70 mm). This detector, together with the
sample, was placed in a shield of boron carbide
and lead at the end of the 11-meter flight path of
the neutron spectrometer. The resolution of the
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FIG. 1. Ratios of y-ray spectra for different resonances.

spectrometer was 0.2—0.02 usec/m. After sub-
tracting the background, which is 10—30% of the
effect, we compare the spectra with one another,
normalizing the amplitude ratio for a channel at
the point E, ~ 2 Mev (cf Fig. 1 and table).

Figure 1 shows eight ratios of intensities of
v-ray spectra (i.e., ratios for 16 pairs of reso-
nances), measured in two series of experiments
(solid and open circles). The paired ratios were
taken for resonances of the same isotope (with the
same spin J for the resonance), and to give a
definite procedure the spectrum of the resonance
with the larger neutron width I', was divided by
the spectrum of the resonance with the smaller
neutron width. The sequence of ratios in Fig. 1
corresponds to the numbers in the table, where
we give values of E(, J, I'y and T'y from . The

values of T’y for the Pt!® resonances are taken
from [,

The instrumental line width is ~1.5 MeV for
energies above 4 MeV, so individual transitions
cannot be resolved. The appearance of sharp
fluctuations in the y-ray spectra therefore indi-
cates marked changes in the intensities of indi-
vidual lines (or groups of lines). Let us consider
some of the results in more detail.

In Pt, the first resonance (E;= 11.8 eV) gives
the dominant contribution for thermal neutrons.
Thus we may compare the ratio of the spectra for
the resonances at Ej = 11.8 eV and E;= 68.9 eV
(No. 1 in the table) and the spectrum following
thermal capture.m The drop in the value of the
ratio for Ey ~ 6.5 MeV corresponds to the fluc-
tuation in the intensity of transitions to the ground
and first excited states, which was already noted
above. The constancy of the intensity (on the av-
erage) over the region (5—6 MeV) agrees with the
results of Corge et al.l4] Possibly the slight de-
crease of this ratio is related to one of the intense
lines of the spectrum for E ~ 5 MeV.

For the W isotopes we observed changes in the
intensity of the high energy lines in going from one
level to another, which may be correlated with the
values of I'y.

Of interest is the absence of fluctuations for
the strong line at Ey = 6.25 MeV in the Au spec-
trum. An experiment was made specially to get
the y-ray spectrum from a neutron resonance in
Au, in which the resonance capture 7y rays were
recorded by a scintillation pair spectrometer.
For this work we constructed a neutron channel
with a 3-meter flight path, giving an intense beam
of neutrons. The spectrometer was placed in a
shield of carbide and lead, together with the sam-
ple, at the end of the flight path. The construction
of the pair spectrometer does not differ essentially

Comparison of y-ray spectra
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from these described in the literature.['” To in-
crease the efficiency we used a second pair of
lateral crystals, recording the annihilation quanta.
The resolution of the spectrometer for the line

Ey = 4.43 MeV from a Po + Be source was 3.8%.
The 7y-ray spectrum from the gold resonance is
shown in Fig. 2.
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FIG. 2. Gamma-ray spectrum from a neutron resonance in
Au (a is the pulse height). On the lower curve: Po — Be

y rays.

The largest fluctuations in the shape of the -
ray spectrum were observed for Hg. Thus, in
Hg’%, despite the large instrumental width of the
v-ray detector, which should smooth out the
fluctuations, we observed a change of more than a
factor of two in the intensity of the y rays with
energy 5—6 MeV. This undoubtedly shows that as
we approach the doubly magic closed shell the
single-particle transitions, whose probability may
be strongly dependent on the quantum numbers of
the levels, play an important part. To verify this
we made measurements of the spectra for the
first two resonances of Hg, using a spectrometer
consisting of nine photomultipliers with small Nal
crystals.

Figure 3 shows the spectra for resonances in
Hg!®® (E, = 23 eV) and Hg!*®(J =1, E, = 33.5 eV),
while Fig. 4 shows the transition schemes. Also
shown are some of the transitions seen after
thermal capture. An interesting point is the coin-
cidence of the transitions to the level at E ~ 2
MeV, which apparently indicates that this is a
single-particle level. The level at E = 3.2 MeV
appears both in the transition from the J = 1, E,
= 33.5 eV level and in the thermal spectrum. Its
intensity fluctuations (No. 8 in Fig. 1) also favor
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FIG. 3. Gama-ray spectra from neutron resonances in Hg
on the figure: Po-Be 7y rays.

FIG. 4. Scheme of y-ray transitions from neutron reso-
nances for Hg (enrgies of levels and transitions given in
Mev) on the Figure: Hgiperm(J = 0).

its being single-particle. It should be mentioned
that, contrary to expectations, the shape of the
spectrum from the level at Ej = 33 eV (J =1) is
similar to the spectrum from thermal capture

(J = 0). Thus it is not so much the spin of the ex-
cited state, but rather the nature of the low-lying
excited levels, that determines the y-ray spec-
trum following resonance capture.

Further work on capture <y rays is planned
using better neutron resolution and with different
isotopes, to observe and systematize the transi-
tions to single particle states.

In conclusion the authors thank A. N. Soldatov,
A. D. Kharitonov, V. V. Pavlov and V. V. Rotman
who participated in the measurements, and also
the staff of the cyclotron of the Institute for
Theoretical and Experimental Physics.
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