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1 Introduction

An effective method for studying the decay of compound states in nuclei of high
level density was developed [1,2] to obtain various information about different nuclei
up to an excitation energy approximately equal to the neutron binding energy. Our
previous experiments were devoted mainly to deformed nuclei, with most of them
lying in the rare-earth element region of the Periodic Table.

For a better understanding of y-decay modes and to determine their main pe-
culiarities, it is necessary to throughly study the different types of nuclei. The data
on two-step cascade intensities reveal the peculiarities of the y-decay process and
help determine, at least qualitatively, the factors that influence these decay modes.

The platinum isotopes are situated in a particular region where the stable shape
of nuclei changes from a highly deformed (as in the rare-earth nuclei) to a sphere
shape (as in Hg and Pb). For this reason, transitional regions are of special interest
for testing nuclear models.

The level scheme of the 1% Pt nucleus was determined either experimentally from
the study of the 1% Au and '®Ir decay [3,4], the stripping (d,p) and the inelastic
(d,d) reactions [5,6], the (n,y) reaction [7,8], and predicted theoretically by the
O(6) limit [9], and the IBA model [10]. However, although considerable data have
been reported on the low lying levels of the 196 P4 nucleus, our understanding of its
structure and decay modes is still unsatisfactory.

The present work is an experimental trial to shed some light on the behaviour of
~-decay cascades in this transitional nucleus and to compare it with the peculiarities
of other neighbouring nuclei. So, we analysed two-step cascade intensities from the
~+-decay of the compound state after thermal neutron capture and looked for possible
GMDR states built on the ground state in this nucleus.

2 Experiment

Photon and v — v coincidence spectra from thermal neutron capture in natural
platinum were measured, using the technique of Summed Amplitudes of Coincid-
ing Pulses (SACP). The aim of these measurements was to study the compound
state y-decay of the %Pt nucleus. An explict review of this technique and the
method of spectroscopic data analysis can be found in ref. [1,2]. The results of the
previous investigations of the intensity distributions of two-step cascades between
the compound state and a given low-lying state, E;, together with a systematic
experimental error analysis were also reported in detail in these works.

The ~-decay transitions of cascades populating the ground and first two excited
states in 1% Pt were studied by means of the described method [1,2]. Because of the
small partial widths of these types of cascades, and the low efficiency of the Ge(Li)
detectors employed, the acquisition time of the experiment was about 400 hours.
This was necessary to have meaningful and reasonably precise statistics.
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The energy of transitions and the intensity of strong and resolved cascades in the
measured spectra (in the form of pairs of peaks) were determined [1] from the the
two-step cascade intensity distributions. These data are listed in table 1. The energy
of the intermediate levels, Ep, for a certain number of cascades were determined
by means of the algorithm [11] which is used for decay schemes construction. This
algorithm takes into account the obvious fact that the primary transition in the
cascades populating the same intermediate level but different final levels has the
same energy and the corresponding peaks of this transition always keep the same
position in different measured spectra.

3 The Pt compound-state v-decay scheme

The principal spectroscopic information about the 1% p¢ nucleus was obtained [8]
from the studies of thermal and resonance neutron capture and from traditional
coincidence investigation methods.

Although this nucleus was the target of many investigations, nevertheless, we
have determined for the first time:

(a) the decay modes for many levels at excitation energies above 2667 keV.

(b) the new levels at 1880, 1894, 2169 and 2352 keV.

These new levels were populated by v-transitions from the compound-state decay in
'%Pt. The primary transitions to these states were "masked” by intense transitions
to neighbouring levels. In some cases, there was a possibility to identify some
intermediate level doublets, e.g., when only a small part of the strong primary
transition intensities could be registered [12] in a given spectrum of the intensity
distributions. In addition we have used a simple but effective numerical method to
improve the energy resolution of the analysed spectra. The bases of this method
are given in ref. [13]. Here it should be noted that the presence of doublets at the
excitation energies of 1888 and 2170 keV was assumed in the analysis of the primary
transition intensities obtained from the capture of neutrons with an average energy
of 2 keV [8].

The most important result which can be extracted from the data listed in ta-
ble 1 is that all the 0*, 1* and 2% states were revealed experimentally up to an
excitation energy not less than 3 MeV. Figure 1 shows a comparison between the
observed number of intermediate levels, summed over energy bins of 100 keV, and
the calculated values predicted by the model [14].

Note that the observed number of states, for example, at excitation energy below
2.5 MeV considerably exceeds the corresponding numbers predicted by this model.
On the other hand, if the parameters a and & in the model [14] were determined
in a way to describe the density of the low-lying excited levels more precisely then
the discrepancy between the experimentally measured and the calculated cascade
intensities (see below) was even worse.



Table 1. A list of energies, Ey and E;, of measured cascade transitions and their
relative intensities, iyy & Ay, in percent of the total intensity of the two-step cascades
which have the same total energy. Eps £ AFEjps is the intermediate level energy. Ej is the
energy of the final state of cascade transitions.

ErkeV | By keV | AELKeV | iyy | Biyy | ErskeV [ AEpkeV
Er + E, = 7921.0 keV

6517.0 | 1404.1 1.25 0.60 | 0.25 | 1403.1 0.9
6130.6 | 1790.5 1.15 0.93 | 0.32

6119.1 | 1802.1 1.61 0.65| 0.30 | 1801.4 0.9
6035.9 | 1885.2 0.36 3.32 | 0.41 | 1886.0 1.2
5952.5 | 1968.6 0.58 2.11| 0.36

5938.6 | 1982.5 1.33 0.76 | 0.32 | 1983.3 4.3
5752.8 | 2168.3 1.17 0.75 | 0.26 | 2168.8 0.9
5742.2 | 2178.9 0.88 1.16 | 0.28

5734.2 | 2186.9 1.01 1.02 | 0.28 | 2185.1 1.0
5676.3 | 2244.8 0.54 1.77 ] 0.30 | 2245.7 2.4
5612.9 | 2308.2 0.54 2.79 | 0.45 | 2308.4 0.8
5549.7 | 237L.5 1.16 1.25 | 0.39 | 2369.9 2.1
5541.4 | 2379.8 1.37 1.09 | 0.38 | 2378.3 1.6
5452.4 | 2468.7 0.51 3.01 | 0.46 | 2468.2 0.8
5309.0 | 2612.2 0.74 2.25 | 0.49 | 2613.3 2.0

5295.9 | 2625.2 2.06 0.74 | 0.41
5241.0 | 2680.1 1.82 0.821 0.41

5221.3 | 2699.8 1.27 1.20 | 0.43 | 2702.7 2.9
5187.0 | 2734.1 0.76 2.81 | 0.59 | 27324 1.8
5179.8 | 2741.3 0.70 3.55 | 0.60 | 2740.5 1.1
5169.7 | 2751.4 0.75 2.39 1 0.51 | 2753.1 1.5
5099.1 | 2822.1 1.23 1.31 | 0.44 | 2821.7 0.8
5087.7 | 2833.4 1.90 0.88 | 0.44 | 2838.0 3.9
5053.6 | 2867.5 1.66 1.31 | 0.52 | 2864.3 3.1

5046.3 | 2874.9 0.85 2.57 | 0.56
4973.1 | 2948.0 1.52 1.05 | 0.43
4947.7 | 2973.2 1.40 1.18 | 0.43
4904.5 | 3015.3 1.39 1.40 | 0.49
4898.2 | 3022.9 0.91 2.671 0.55 | 3021.8 0.8
4882.3 | 3038.8 1.14 1.54 | 0.46 | 3035.8 2.8
4786.1 | 3134.9 1.37 1.20 | 0.45
4741.5 | 3179.6 1.42 1.21 | 0.43
4711.5 | 3209.6 1.76 1.03 | 0.44 | 3210.5 0.9
4661.2 | 3259.9 1.59 0.98 | 0.43




continued table 1.

E1keV | E; keV | AE keV | iy, | Alyy | EpkeV | AEp keV

4629.4 | 3291.8 1.95 0.82 | 0.41 | 3290.3 1.3
4612.8 | 3308.4 1.80 0.88 | 0.41 | 3308.8 1.8
4470.1 | 3451.0 1.78 0.89 | 0.41

4365.2 | 3556.0 1.85 0.92 | 0.44 | 3554.8 1.2

4265.8 | 3654.9 1.97 0.80 { 0.39
4227.8 | 3692.0 1.75 0.75 1 0.34
4144.3 | 3776.6 1.83 0.86 | 0.39
4107.7 | 3813.5 1.87 0.83 | 0.38
4089.4 | 3831.5 1.96 0.78 | 0.35
4043.6 | 3875.4 1.72 0.96 | 0.41
3890.5 | 4030.6 1.44 1.08 | 0.42 | 4029.1 3.6

6786.6 | 778.4 1.04 0.62 | 0.26
6561.0 | 1004.0 1.21 0.59 1 0.26
6518.5 | 1046.5 0.64 1.23 | 0.29 | 1403.1 0.9
6100.7 | 1464.3 0.92 1.14 ) 0.35
6075.9 | 1488.9 0.76 1.45 | 0.36
6040.9 | 1524.0 1.08 0.991 0.35

6033.3 | 1531.7 0.44 2.97 | 0.44 | 1886.0 1.2
6004.0 | 1561.0 0.33 3.72 | 0.47 | 1916.9 0.9
5943.4 | 1621.6 1.35 0.89 | 0.40 | 1983.3 4.3
5904.4 | 1660.6 0.80 1.59 | 0.42 | 2014.8 1.9
5854.2 | 1710.8 1.50 0.80 | 0.37 | 2070.9 3.4
5828.0 | 1737.0 1.05 1.21 | 0.39 | 2092.7 0.8
5798.5 | 1766.5 1.33 0.89 | 0.39

5760.3 | 1804.7 0.67 1.95| 046 | 2161.2 0.8
5751.4 | 1813.6 1.23 1.01 | 0.39 | 2168.8 0.9
5737.7 | 1827.3 1.10 1.12 | 0.40 | 2185.1 1.4
5724.3 | 1840.7 1.18 1.04 | 0.39 | 21979 1.1
5677.8 | 1887.2 1.65 0.78 | 0.38 | 2245.7 24
5612.2 | 1952.8 0.90 1.88 | 0.48 | 2308.4 0.8
5601.1 | 1964.0 1.19 1.16 | 0.44

5453.2 | 2111.8 1.03 1.50 | 0.46 | 2468.2 0.8
5398.4 | 2166.6 1.30 1.05 | 0.42 | 2524.4 1.7
5305.2 | 2259.8 1.49 0.93 | 0.42 | 2613.3 2.0
5261.3 | 2303.8 0.78 2.66 | 0.61 | 2659.0 0.8
5253.2 | 2311.8 0.52 5.06 | 0.69 | 2667.1 0.8
5219.4 | 2345.6 1.34 1.29 | 0.48 | 2702.7 2.9

5198.6 | 2366.4 1.12 1.53 | 0.49




conlinued table 1.

EkeV | EjkeV | AE keV | iyy | Ay Ep keV | AEp,keV

5181.9 | 2383.1 1.54 1.22 ] 0.49 | 2740.5 1.1
5172.9 | 2392.1 0.73 4.00| 0.71

5166.2 | 2398.8 1.41 1.811 0.64 | 2753.1 1.5
5099.1 | 2465.9 0.65 3.00 | 0.57 | 2821.7 0.8
5078.3 | 2486.7 1.75 0.94 | 0.48 | 2838.0 3.9
5059.8 | 2505.2 1.05 1.64 | 0.51 | 2864.3 31
4900.1 | 2664.9 2.29 0.79 | 0.45 | 3021.8 0.8
4888.0 | 2677.0 2.06 0.83 | 0.43 | 3035.8 2.8
4877.7 | 2687.3 0.82 2.23 | 0.54 | 3044.7 2.9

4795.5 | 2769.5 1.63 1.04 | 0.47
4699.5 | 2865.6 1.93 0.90 | 0.48

4631.8 | 2933.2 1.82 0.88 | 0.48 | 3290.3 1.3
4448.8 | 3116.2 1.57 0.96 | 0.43 | 3472.0 1.3
4366.9 | 3198.1 1.53 0.93 | 047 | 3554.8 1.2

4180.1 | 3384.8 2.20 0.82 | 0.45
4004.3 | 3560.7 1.23 1.43 | 0.48
3933.3 | 363L.7 2.13 0.87 | 0.47
3924.1 | 36409 1.63 1.27 | 0.48
3887.7 | 3677.3 2.18 0.79 | 0.44 | 4029.1 3.6
3787.8 | 3777.2 1.04 1.93 ) 0.55

6313.9 | 919.2 1.20 0.85 | 0.41
6119.8 | 1113.2 1.04 1.03 ] 0.43 } 18014 0.9
6035.6 | 1197.4 0.74 2.06 | 0.54 | 1886.0 1.2
6027.1 | 1205.9 1.59 0.81 | 0.46
6004.4 | 1228.7 1.63 0.78 | 0.46 | 1916.9 0.9
5933.1 | 1300.0 0.86 1.49 | 0.50 | 1983.3 4.3
5908.2 | 1324.9 1.15 1.06 | 0.47 | 2014.8 1.9
5847.8 | 1385.3 1.11 1.19 | 0.47 | 2070.9 3.4
5828.6 | 1404.4 0.92 1.39 | 0.49 | 2092.7 0.8
5759.3 | 1473.7 1.12 1.80 { 0.68 | 2161.2 0.8
5735.6 | 1497.5 2.17 0.82 | 0.61 | 2185.1 14
5726.6 | 1506.4 2.05 1.90 | 1.18
5722.1 | 1510.9 1.10 3.49 | 1.29 | 2197.9 1.1
5672.1 | 1560.9 1.30 1457 0.63 | 2245.7 2.4
5576.8 | 1654.5 1.71 1.17 | 0.61
5569.6 | 1663.0 1.27 1.51 | 0.60




continued fahic

!

CE keV [ E; keV [AE keV | 1y, | Biyy | EarkeV | ABar eV
5553.8 | 1679.3 1.57 1.14 | 0.61 | 2369.9 2.1
5544.5 | 1688.5 1.57 1.15 | 0.60 | 2378.3 1.6
5499.8 | 1733.3 1.30 1.35 | 0.60

5458.3 | 1774.8 1.36 1.34 | 0.60

5424.9 | 1808.1 1.40 1.34 | 0.58

5394.9 | 1838.1 0.86 2.25 | 0.66 | 2524.4 1.7
5262.7 | 1970.4 | 0.57 4.87 | 0.87 | 2659.0 0.8
5254.6 | 19784 | 0.27 |13.35] 1.21 | 2667.1 0.8
5214.3 | 2018.7 1.23 1.42 | 0.59 | 2702.7 2.9
5190.6 | 2042.5 1.31 1.50 | 0.61 | 27324 1.8
5167.2 | 2065.8 1.08 1.91 | 0.65 | 2753.1 1.5
5100.0 | 2133.1 1.54 1.53 | 0.72 | 2821.7 0.8
5083.2 | 2149.8 1.77 1.35 | 0.72 | 2838.0 3.9
5005.7 | 2227.1 1.74 1.41 | 0.69

4899.8 | 2333.2 1.10 2.35 | 0.79 | 3021.8 0.8
4872.5 | 2360.5 1.87 1.33 | 0.71 | 3044.7 2.9
4811.0 | 2422.0 1.53 1.67 | 0.73

4710.1 | 25229 | 0.91 3.06 | 0.85 | 3210.5 0.9
4609.3 | 2623.8 1.99 1.21 | 0.71 | 3309.8 1.8
4596.0 | 2637.0 1.72 142 | 0.76

4513.0 | 2719.6 1.87 1.32 | 0.66

4485.7 | 2747.3 | 0.91 3.10 | 0.84

4449.2 | 2783.9 1.92 1.39 | 0.74 | 3472.0 1.3
4434.0 | 2799.1 1.61 1.55 | 0.66

4373.6 | 2859.7 1.81 1.24 | 0.66

4194.0 | 3039.1 1.95 1.15 | 0.58

4022.7 | 3210.3 1.73 1.31 | 0.63

3896.3 | 3336.8 1.70 1.34 | 0.61 | 4029.1 3.6
3677.5 | 3555.9 1.63 1.33 | 0.60

3637.8 | 3595.3 1.20 2.03 | 0. 68




The comparison between the data, as for example in figure 1, with the data of
other nuclei shows that for any type of nuclei:

(a) the energy dependence of the level density cannot be described with a simple
exponential curve. On the contrary, it has a more complicate character. This
statement refers at least to the states populated by intense primary transitions,

{(b) the average probability for exciting levels with the same J™ value depends
on the level structure, and

(c) the (1,7) reastion was found to be selective contrary to generally accepted

opinion.

4 Averaged intensity of cascades

It is impossible to experimentally determine the sequence of quanta in gamma
cascades by wicans of simple measurements using Ge-detectors. However, from a
knowledge of the decay scheme (using the algorithm [11]) and making an accounting
as the density of levels increases, and the cascades intensity decreases, with the
increase in the excitation energy, it is possible to experimentally decompose the
measured intensity distributions into two components corresponding to primary
and secondary transition registered events.

Table 1 gives the relative intensities of the measured cascades. The absolute
values (in % per capture) could be obtained by normalizing the relative intensities
to the absolute intensities [15) of the primary transitions at 5099, 5173, 5612 and
6035 keV using our data for the branching ratios of the corresponding decaying
states.

The dependence of the sum intensity of cascades populating the three low-lying
levels in 1% Pt upon the energy of the primary transitions is presented in figure
9. The intensities are summed over energy bins of 0.5 MeV. In this figure the
experimental data are compared with values calculated in the frame of two different
forms of level density models[14,16].

A sharp increase in cascade intensities (with primary transition energies of 5-6
MeV) was observed in this nucleus. This result is in accordance with the previous
data obtained from spherical nuclei studies. Practically, there are no enhanced
cascades with primary transition energies of about 2-3 MeV.

This latter result leads to the unambiguous conclusion that observed [17-19)
enhanced cascades in the ¥1%8Gd and '®*Dy nuclei with low-energy primary tran-
sitions represent a peculiarity for deformed nuclei (at least, for nuclei that lie at
the beginning of the 4s neutron resonance strength function region). The data of
v-decay cascades for spherical nuclei point out that the main peculiarity for these
auclei is the enhancement of primary transition widths at an energy of 5-6 MeV.

In other words, the existing ideas about the constancy of the radiative strength
function for the y-transitions between complex structure states can only be true for
the region in which the shell effects do not influence the transitions widths.
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Table 2. Experimental, I22?, and calculated, I%%, sum intensities of two-step

cascades populating a given level E; of the 196 p¢ nucleus (% per decay)

Eq, Ieer If";', models
keV [14] [16]

0§ 12.2(9)| 3.8 4.9
356 | 9.5(9)| 8.2 12.1
668 | 10.1(21) { 5.0 7.6

196Pt

100

TTT T T ITT

10

Levels
T T T 11777

T

T 1T TTT1T7]

01 sl vrra g by b

1 2 3 4
Excitation energy (MeV)

Fig.1. Number of observed levels with J™ = 0%, 1+ and 21 in %8Pt for an ex-
citation energy interval of 100 keV (points). Curves 1 and 2 represent the BSFG
(ref.[14]) and the Ignatyuk thermodynamical (ref.[16]) model predictions.
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Fig.2. Sum intensity of cascades for the three low-lying levels in 196pt (% per
decay) as a function of primary transition energy. Histograms represent the experi-
mental data with ordinary statistical errors; curves 1 and 2 correspond to predictions
according to the models mentioned in ref.[14,16] respectively.
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Fig.3. The intensity of two-step cascade transitions of the type 17— J"—0% in
196 P¢ versus the excitation energy of nucleus.
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5 The 1+ states and possible giant magnetic res-
onances

As seen in figure 1, all states excited by primary El-transitions in 196 Pt with spin
1+ were revealed in the experiment up to an excitation energy of about 3 MeV or
higher. Some of these states can have a collective structure and the strength of
the giant magnetic dipole resonance (GMDR) can be fragmented over these states.
If this is true, then the intensity enhancement of the corresponding cascades due
to this resonance could be observed experimentally. The Pt compound-state is
almost pure, with J7=1" {20]. The cascades, with two dipole transitions, populating
the 0F ground-state excite mainly the 1+ intermediate levels and, to a lower extent,
the 1~ states. Cascades with quadrupole electric transitions are also possible, but
their average intensity is at least ten times less than that for dipole transitions [1].

The intensity dependence of cascades of the type 17 = 1% = 0t in %Pt as
a function of excitation energy, is demonstrated in figure 3. The figure shows that
this dependene has a resonance form with a centroid at E.; ~2.8 MeV, and a width
at half maximum of about 1 MeV.

A conclusion about the special character of the excitation and decay of inter-
mediate levels in cascade decay (table 2) can be drawn directly from a comparison
of the sums of the cascade absolute intensities for the cascades leading to the three
low-lying states in "% Pt. All listed intensities are similar, and are practically equal.
This result disagrees with all the data obtained from even-even nuclei where the
ground and first excited states are populated by cascades with dipole transitions.
At the same time, both the model calculation and data of, for example, the 16,1583
nuclei [16,17] show that the intensity of the cascades leading to the ground-state
in 1%6Pt should be two times less than those populating the first excited state.
This fact points to the special behaviour of the secondary transitions of cascades
populating the ground-state of this nucleus.

6 Conclusion
The present study leads to the following observations:

1. There is a sharp increase in the intensity of cascades whose primary transition
energies are of about 5-6 MeV.

2. Tt is impossible to predict the density of excited states and intensity of cascades
in the frame of any simple nuclear model. This conclusion holds true for all
the previously investigated nuclei.

3. Enhanced cascades from the compound-state (neutron resonance) to the ground-
state in the 19 Pt nucleus allows one to assume the presence and the influence
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of the giant magnetic dipole resonance on the radiative widths of the secondary
transitions.

The work has been performed under the auspices of RFFR, grant No. 93-02-

16039.
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Ami M.A unp. E3-94-3
Kackaaublit raMMa-pacnaj KOMIMayH-COCTOSHMM 196py
NOCJIe 3aXBAaTa TEIUIOBbIX HEUTPOHOB

JKCMEPUMEHTAJIBHO M3YUEHbI Y-KACKabl B 196p1 nocne 3axsara TeruioBbIX HenTpoHos. Uame-
PeHbl MHTEHCUBHOCTH JBYXKBAHTOBbIX KACKA/0B, BEAYLIUX HA TPU HU3KOJIEXKAUIMX YPOBHS 3TOrO
anpa. B akcnepumente naeHrndyurMposabl Bee B30y KAEHHbBIE COCTOSHMSA 196p1 5o 3HEPrHUH BO3-
OyxaeHus okono 2,5 MaB. OnpeaeneHo, 4To 3aBUCMMOCTh MHTEHCMBHOCTH KacKajloB OT 3HEPrUU
NEPBUYHBIX MEPEXOAOB MPHUHLMMMAIBHO OTJIIMHAETCS OT AHAJOTMYHOM 3aBUCMMOCTH I pacnaja
KOMNayH/1-cocTosHMI nedopMupOBaHHbIX spep. Pacnpeaesesre MHTEHCUBHOCTEHM KACKA0B, 3ace-
JISIOWMX OCHOBHOE COCTOSHUE, UMEET PE3OHAHCHYI0 GOpMY ¢ UEHTPOM okos10 3 MaB. Dtot daxr
MO3BOJISET NPEANONOKHTD HAJMUHE U BIMAHUE HA MPOLECC Y-PACNaza KOMIAYHA-COCTOSHMS 196py
FMFAHTCKOrO MarHUTHOTO OHMOJIBHOTO PE3OHAHCA.

Patora seimonHena s JJaGopatopuu neittpoHHoit pusnku M. U.M.®panka OUSAHN.

Ipenpunt OGbeAMHEHHONO MHCTUTYTA ANEPHBIX UCCenoBaHuit. [ybua, 1994

AliM.A.etal. E3-94-3

The '°Pt Compound-State Gamma-Decay Cascades
after Thermal Neutron Capture

The '°°pt compound-state y-decay cascades following thermal neutron capture were studied in
the experiment. The intensities of the two-step cascades leading to the three low-lying levels of this
nucleus were measured. All excited states in ' **Ptwere identified in the experiment up to the excitation
energy of about 2.5 MeV. It was observed that the dependence of the cascades intensity upon the
primary transition energy principally differed from that of the transitions following the deformed nuclei
compound-state decay. The intensity distribution of the cascades populating the ground-state had a
resonance shape with a centroid at about 3 MeV. This fact allows one to assume the presence and the

influence of the giant magnetic dipole resonance on the 1%6py compound-state y-decay process.

The investigation has been performed at the Frank Laboratory of Neutron Physics, JINR.

Preprint of the Joint Institute for Nuclear Research. Dubna, 1994
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