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Decay Scheme of Pt'"f
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The radiations of the 30-min activity of Pt'~ have been investigated with 180' magnetic photographic
spectrometers and a 10-channel coincidence scintillation spectrometer. This activity of platinum has been
found to decay by the emission of four beta rays with maximum energies of 0.8, 1.1, 1.3, and 1.7 Mev.
Gamma rays with energies of 0.074, 0.197, 0.246, 0.318, 0.475, 0.54, 0.71, 0.79, and 0.96 Mev were detected.
Extensive beta-gamma and gamma-gamma coincidence measurements were made; and an energy leve1
scheme is proposed which is consistent with the results of all of the experiments.

TABLE I. Energies and interpretations of the observed
internal conversion electron lines.

Electron line
energy in kev Interpretation

Gamma-ray energies
Pt Au Hg

THIRTY-MINUTE activity which is produced
by neutron capture in platinum was first reported

in 1935.' ' McMillan e$ al'. ' assigned this activity to Pt"'.
In 1941, Krishman and Nahum' studied the radiations
emitted in the decay of Pt"' and established, by means
of aluminum absorption experiments, that beta rays
with a maximum energy of 1.8 Mev are emitted.

Sources of Pt"' were obtained in the present investi-
gation by neutron irradiation of normal Pto. Seven
internal conversion electron lines were detected with
180' spectrographs and are listed in Table I. The
interpretation of these lines are listed in column 2 of
Table I, and the gamma-ray energies are listed in
columns 3, 4, and 5. The lines at 124, 144, 155, and
190 kev are identified by their energies as internal con-
version electron lines in Hg, due to gamma rays emitted
in the decay of Au"', the daughter product of Pt"'.
The 268- and 332-kev electron lines have the E—I
energy difference of Pt and are assigned to the 80-min

activity of Pt19™which has been reported' to decay
by the emission of a 337-kev gamma ray. The energy
of this transition as determined in the present study is
346 kev. The remaining three electron lines are in-

terpreted as X internal conversion electron lines of
gamma rays emitted in the decay of Pt"'.

The photon spectra of the 30-min platinum activity
was studied with a 10-channel coincidence scintillation
spectrometer. '

The NaI(TI) pulse-height distribution from the
gamma-rays of a Pto source which was irradiated for
about 15 minutes is shown as the top curve in Fig. 1.
Because of the short irradiation times, the activities
of Au"' and Pt"' were not observed in these sources.
The various peaks in the distribution are interpreted as
indicating the presence of nine gamma rays with
energies of 0.074, 0.197, 0.246, 0.318, 0.475, 0.540, 0.715,
0.790, and 0.96 Mev. All of these peaks were observed
to decay with a half-life of 30&3 min and are, therefore,
assigned to Pt"'.

The peak at about 70 kev in the pulse-height distribu-
tion occurs at an energy rather close to that of the E
x-rays of gold (67 kev). One might conclude that it is
due entirely to the gold x-rays. The energy of the peak
is, however, slightly higher than the x-ray energy. In
order to determine if this is an energy shift due to the
presence of a gamma ray of about this energy, the
scintillation spectrometer was set so that the ten
channels just covered this peak, Then, without changing
the spectrometer, the pulse-height distributions due to
Tl x-rays (71 kev), the Pt"' peak, and the Pt"' peak in
coincidence with the 246-kev gamma rays, were re-
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TABLE II. Gamma-gamma coincidences observed in Pt"'.
Where coincidences were observed between two gamma rays,
an X is placed at the intersection of the corresponding row and
column. The symbol 0 is used for gamma rays which are not in
coincidence and blank spaces indicate cases where no data are
available.

Gamma rays Gamma rays {energies in kev)
(energies in kev)Q 960 790 715 530 475 318 246 197 74
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FIG. 1. The NaI pulse-
height distribution of the
gamma rays of rsPt (30
min).
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corded. .The results are illustrated in Fig. 2. It can be
seen that the Pt"' peak in the normal distribution
occurs at almost exactly the same energy as the Tl
x-ray. This energy is 3 kev too high for the peak to be
due entirely to Au x-rays. The fact that the Pt"' 70-kev
peak is complex is clearly illustrated by the coincidence
distribution (the dashed curve). The structure of this
peak indicates the presence of a gamma ray at 74 kev.
In addition, the small hump on the low-energy side of
this peak occurs at about the energy of the Au x-ray.
Thus, one concludes that a 74-kev gamma ray is
emitted in the decay of Pt"', and that the 70-kev peak
in the normal distribution is a combination of this
gamma ray and Au x-rays.

The pulse-height distribution of the gamma rays
which are in coincidence with beta rays was measured
and is shown as the dashed curve in Fig. 1. The 0.48,
0.71, 0.79, and 0.96 Mev gamma rays are not so strongly
in coincidence with the beta rays as the other gamma
rays. One explanation of this would be that these four
gamma rays are transitions from a level which has a

half-life which is comparable to the resolving time of
the coincidence circuit, i.e., about 2 @sec.

By using an anthracene crystal for a beta-ray de-
tector and measuring the attenuation in Al of the beta
rays which are in coincidence with the various gamma
rays, it was established that the 0.197- and 0.54-Mev
gamma rays follow a beta ray which has a maximum

energy of 1.1&0.1 Mev. Similarly, it was established
that the 0.246- and 0.318-Mev gamma rays follow a
1.3&0.1-Mev beta ray, and the 0.71-, 0.79-, and 0.96-
Mev gamma rays follow an 0.8&0.1-Mev beta ray.
A beta ray with a maximum energy of about 1.7&0.2-

Mev was detected in the singles aluminum absorption
experiment, but was not observed to be in coincidence
with any gamma rays. It is interpreted as a beta transi-
tion to the ground state of Au"'.

Extensive gamma-gamma coincidence measurements
were made, and the results are summarized in Table II.
The gamma rays are listed in the first row and column.
Where coincidences are observed between two gamma

rays, an X is placed at the intersection. of the appro-



L»c, co AQ D g pRSO

4l
O
EP

CO

O

Is

fg
l99

COI NCI OEN

x 246 key GAMMA
CE

I

g

/

/

I

4J

O
CA

I

CO
EL

0.54 0.54 O.54

SINGLES

60 80
ENERGY (key)

Fzzo. 2. NaI pulse-hei ht- eig t distributions of th 70-e -kev peak.

priate row and column. Gamma ra s
'd i d'in icated by an 0

in

blank where no d ta a are available.
, and the spaces aare

Strong coincidences were obserS ro were o served between th 7—e

I -hih di ib
id ih h

the dashed curve in i
i t e 74-kev transi

'
asnsition is shown as

rve in ig. 3. From this d
7

7 7

not in coincidennce with the 318- 5 —, — ev
v gamma rays and

gamma rays. The smale small coincidence eak
d d i e e w' h there e as due to coi

rom the internamal conversion of the

CO) N G. y )7~
o.48 gev

I I

30
I

35 20
I

25 30
VOLTS

Fro. . Gamma- amm-g ma coincidences
- to 0.54-Mev region.

(b) (c)

in the

99

(50min )

197-kev

assumes that a small
in ensity of the 197-k

a portion of the 24-
- ev peak. If one

a -kev coincidencce

conclude that the 74-ke
' ' '

i
wit

e — ev transition is i

in t e normal distributi
h 246-k hot k th 197-k

wi more than 'us
e

246-kev transitions.
just the 74-kev and the

If one exa
hi ha
e n s that it is in coincidence with the

8-

7.
Qf

06
EO

CL'

I

EO
CL

g 4
rhI-
X
g 3-
0
O

2-

540

I99

&~2xl0 sBc
I

7I5

960

I I

xx x

O. I 0,2
I

~x

0.3 0.4 0.
Xm x

0.5 0.6 0,7
"—"~x

ENERGY IHev

Fzo. 3. The Nal pulse-h 'on a rapu se- eight distribution
coincidence with the 74

is t e normal pulse-height diig distribution and &h
e istn ution.

c @gbcd curve is

518
246

74

Fzo. 5. The ro oproposed decay scheme of 78Pt ~



DECAY SCHEME OF Pt''' 1673

246-, 318-, 475-, and 540-kev transitions. The counting
rates were not high enough to determine if the gamma
rays with energies above 700 kev are also in coincidence
with this transition.

The 0.48—0.54 Mev region of the pulse-height distri-
bution is shown in Fig. 4. The normal pulse-height
distribution is plotted in each part of the figure as a
solid curve, and the distributions from gamma rays
which are in coincidence with the 246-, 318-, and 475-
kev photopeaks are plotted as dashed curves in (a), (b),
and (c), respectively. From these curves one can con-

elude that the 4'?5-kev gamma ray is in coincidence
with both the 246- and 318-kev transitions, and that
the 540-kev gamma ray is not in coincidence with the
246-, 318- or the 475-kev transitions. In a similar
manner, it was established that the 246- and 318-kev
radiations are not in coincidence with one another.

The proposed decay scheme for Pt"' is shown in
Fig. 5. This scheme includes all of the beta rays and
gamma rays which were detected in this study. The
arrangement of the transitions is consistent with all of
the coincidence measurements.
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Absolute differential cross sections for alpha-alpha particle scattering have been measured at ten energies
between 12.3 and 22.9 Mev. The laboratory angular range studied is 11' to 50'. The higher energy experi-
ments at 21.65 to 22.9 Mev were concurrently carried out at two separate scattering chambers, one using
nuclear emulsions as the detectors, the other, proportional counters. The experimental accuracy of these
experiments is two percent or better at most angles. At the lower energies, 12.3 to 20.4 Mev, the study was
made with nuclear emulsion detection only and the experimental accuracy is about three percent at most
angles.

I. INTRODUCTION

HE veri6cation' of Mott's theory of scattering of
identical particles' plus the experimental demon-

stration of nuclear forces other than inverse square law
forces'4 are two early credits to the study of alpha-
alpha particle scattering. Recently, however, the con-
tinuing interest in the energy level spectrum of Be' has
focussed attention again on the interactions possible
between two colliding alpha particles.

Wheeler, in 1941,' was the 6rst to consider the use-

fulness of analyzing the scattering results in terms of
excited levels in Be'. Although, on the basis of the
variation with energy of partial wave phase shifts,

*These investigations were supported jointly by the U. S.
Atomic Energy Commission, the OKce of Naval Research, and
the Research Corporation.

[Part of this paper is based on theses submitted in partial
fulfillment of the requirements for the degree of Doctor of Phi-
losophy at the University of 1llinois for two of the authors (R.N.
and G.R.B.).
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Wheeler assigned spin and parity 0+ to the now well-
known 2.9-Mev 2+ level, his method of phase analysis
is sound and the incorrect assignment was probably
due to inaccuracies in the early data.

The experiments on alpha-alpha particle scattering
now encompass most of the range of bombarding en-
ergies between 0.4 and 30 Mev. ~"This paper discusses
the experimental results of three separate and inde-
pendent groups of scattering experiments which have
been completed at the University of Illinois during the
four years, 1951 to 1955. Preliminary reports" have
been given on the 6rst two groups of experiments which
were performed with incident alpha particles of energies
between 21.65 and 22.9 Mev. These experiments were
performed concurrently with both photographic and
proportional counter detection methods. The third and
latest groups of experiments (photographic detection
only, 12.3 to 20.4 Mev) parallels the work of Steigert
and Sampson. 8

6 0.4 to 3 Mev, Cowie, Heydenburg, Temmer, and Little, Phys.
Rev. 86, 593(A) (1952); G. M. Temmer and N. P. Heydenburg,
Phys. Rev. 90, 340(A) (1953).'3 to 6 Mev, Phillips, Russell, and Reich, Phys. Rev. 1QO,
960(A) (1955).' 12.88 to 21.62 Mev, F. E. Steigert and M. B. Sampson, Phys.
Rev. 92, 660 (1953).

'20 Mev and 20.4 Mev, K. B. Mather, Phys. Rev. 82, 126
(1951);Braden, Carter, and Ford, Phys. Rev. 84, 83'I (1951).

"21.65 to 22.9 Mev, Kerman, Nilson, and Jentschke, Phys.
Rev. 91,438(A) (1953);Briggs, Singer, and Jentschke, Phys. Rev.
91, 438(A) (1953).

"30Mev, E. Graves, Phys. Rev. 84, 1250 (1951).


