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ABSTRACT

The analysis of beta and gamma radiation coming from the disintegration
10 -
of Rh 6 has been studied by means of single and coincidence measurements with

scintillation couters. A double level .at an energy of 1.140 Mev.in Ple6 was
10
- found. A disintegration scheme is proposed for the excited levels of Pd 6

populated from Rth6,
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INTRODUCTION

This work is concerned with the search for a O s 2 ‘y ut trlplet in the
106

: region of 1. 150 Mev in Pd . Theoretically, such a triplet is expected on

the bagis of the work of Scharff-Goldhaber and' Weneser,l Wilets and Jean,2

4,5

Raz,3 and Tamura and Komai.
Experimentally, the levels of Ple6 can be reached by the .decay of

Rth6 (30 sec), 6106m (130 min); AglO6 (8.3 days), and Ag106m (24 min). Only
10 _

the decay of Rh (%30 sec).is considered here.

Rhodium-lO6 (30 sec).is obtained from RulO6 (1 year), which decays to

. the former by a ground -state beta trans1tion of 0.038 Mev.  The beta spectrum

of Rhl 06 was studied by Alburger6 and Grlgprlev et al. T Using photographic

recording in a permanent-magnet spectrometer, Cork et al.” found two conversion

lines of 0.510 and 0.621 Mev. The gamma.spectrum.has been studied by many

‘authors, and a summary of their results is given.in Taple I.

Gamma -gamma, angular correlation measurements have been performed with
the cascading 0.510- and 0.621-Mev gamms rays arising from a leyel;near 1.13 7.
9,10 and the experimental angular correlation fits the thepretical one,
on the assumption of a 0 —> 2'———> Ocascade . Angular. correlation with
polarlzatlon was also performed with the same gamma rays,ll'leading to the
conclusion that an excited state near 1.1k Mev -of Pd 106 is O+, the first

excited and ground states being 23 and Oi,.respectively.

%
Work done under -the auspices of the U. S. Atomic Energy Commission.

ton leave of absence from Departamento de Fisica, La Plata UhlVer81ty, and
fellow from Consejo Nacional de Investigaciones Clentlflcas R Technicas,
Argentina.

gSloan Foundatlon Postdoctoral Fellow for the year 1958-1959, Stanford Unlver51ty,
Stanford, California.  Now at:the Lawrence: Radlatlon Laboratory, Unlver51ty of
of Callfornia, Berkeley, California.. °
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TABLE T

0

. - : —
Gamma rays from the disintegration of Rh 0

€ according to different workers.

- 2.660((0.03+0.01)

Alburger Kahn Robinson, This work Segaert |
and Toppel and Lyon, McGowan, B R C TN SN SO I et al.
(Ref.12) (Ref. 19) and Smith Relative intensities Relative intensities (Ref. 16)
- (Ref. 158) obtained by IBM code obtained by hand subt. _
0.513 (100)-- '0.5200 0.513 (100) 0.514 (100) 0.514 (100) 0.513% (100)
0.62h (53) - 0.620 0.624 (5%£3) 0.626 (53t2) 0.626 (532) 0.62h4 (53%2) -
0.870 (3) 0.880 0.876 (;.810.2) 0.870 (2.7%0.3) 0.870 (2.2t0.5) 0.865 (3.5+0.5)
1.045 (8) 1.040 1.053 (6.9+0.4) 1.050 (7.4%0.3) 1.050 (7.§;b.5) 1.045 (9+1)
1.1%31 (0.08)  1.1ko 1.13%0 (2.4%0.3) 1.140 (2.30.5) 1.1k0 (2.50.5) 1.14% (6.5%1.0)
' , ©1.280 (0.410.2) 1.31 (0.8%0.3)
. » 1.49 | 1.490 (0.1%0.05) A
- 1.55 (2.5) 1.540 1.555 (0.65%0.05) 1.550 (1.2%0.2) 1.550 (0.9+0.21) 1.55 (1.5%0.3)
1.77 (1.0) 1.7€0 1.77 (0.19¥0.03)  1.770 (0.35£0.05) 1.770 (0.2620.04) 1.76 (0.20.477)
~1.9¢ (0.6) e o 1.95 (o.loiq.oe) 1.990 (0.20%0.05) 1.990 (0.10£0.05) 1.93 (o.18¢o.o§)
2.1 (0.5) 2.09 (0.13+0.02):." 2,090 (O,zoﬁo.©5g 2.090 %@.1@&@.@5% - - 2.13 (0.3t0.1)
- L 7 2,110 (0.20£0.05 2.110 (0.17£0.05 : '
S 2,8 . 2.220 (0.06%) .
2.3¢ (0.17+0.02 . (0.17%0. . .15%0. .
| € (0.17£0.02) 2560 (0.17+0.03) 2.360 (0.15%0.03) 2.27} (0.6£0.1)
2.4 (1.0) 2.2 _ 2.400 (0.3%0.05) 2.400 (0.25%0.05) . 2.4k (0.03 +0.01)
2.66 (0.2) 2.64 (0.03%0.01 2.660 (0.04+0.01) 2.63 (0.03+0.01

2.88 (0.02+0.007)
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The excited levels of Pd106vhave also been studied by coulomb excitation.

The first excited level at.0.513 * 0.005 Mev was reached by bombarding pal-

-ladium with 6-Mev alpha particles.Lé, The secend 2+ excited state at 1.128

+ 0.008 Mev was reached by Coulombrexcitationjof palladium with 8-Mev alpha
particles. 14 ‘ bé

Recently, Roblnson, McGowan, and Smith p01nted out that the complex
structure O+,2+:at -an energy of appreximatelyll 140 Mev 1n Pd106 cah be
detected simultaneously in the decay of Rh:L (50 se c) , Segaert,.Demuynck,

Hoogenboom, and Van den Bold studied the decay of Rh106 (30 sec).]’i6

SINGLES MEASUREMENTS

A. Beta-Ray Spectrum

The end-point energy of the ground-state beta-ray transition was
measured with a-2-inch diameter by l-inch long'plastic scintillator using
collimated geometry. VA typical Fermi-Kurie pﬁot is shown in Fig. 1. The end-
point energy . was determined as 3%.50%0.15 Mev. ?his value is in very good

agreement with the results obtained with a magnetic spectrometer (3.53 Mev).

B. Gemma-Ray Spectrum

Many single gamma-ray spectra Were‘taken by utilizing different crystal

| sizes, geometries, and activities. The spectrdm shown .in Fig. 2 was taken with

a 3-inch diameter by 3-inch long NaI(T1l) crystal, with a source-to-crystal

distance of 60 cm. At this distance the solid-angle addition of the 0.510-
*
0.625 Mev cascade was negligible. Some of the singles spectra were analyzed

14

both by hend and by IBM code.™ The relative intensities of the gamma rays

were obtained by use of the detection efficiencies given by Heath: 8 The results
are given.in Taple I, where the agreement with the work of Robinson et al. 15

and Segaert et al. 16 1s seen :to be quite good. However, in this work the peak
near 2..56 Mev appeared to be toqvbroad for a single gamma ray, and analysis

showed the presence of an additional gamma ray of 2.40 Mev. A peak at about

: In order to.reduce the bremsstrahlung produced by the hlgh-energy electrons,

.the source was sandwiched between two pileces of Be (2 340 g/cm



—6- UCRL-9385

o

3500

1 1 L B L _‘ 1 :
0500 - 100 © "1.50 200 250 3.00 350 4

Energy (Mev)

MU-18950

"‘Fig. 1. Fermi plot of the beta spectrum from Rhi0 (30 sec) taken with

a 2-inches diameter. by l-inch long plastic-scintillator, using col-
llmated geometry

B
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Fig. 2. Singles gamma-ray spectrum from Rh106 (50 sec) taken with a

3=-inch dismeter by 3-inches long NaI(Tl) and a multichannel pulse-height

analyzer, at a source-to-crystal distance of 60 cm. The electrons have
been absorbed with 2.350 g/cm® of Be.
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1.28 Mev also appears in our data. Evidence of a gamma ray of’this energy was
also found in the gamma-gamma.coincideﬁce measurements. Further, there i; an
indication of gamma rays of 1.490, 2.110, and QLQQO Mev. However, their
inténéities are not sufficient to determine whether these peaks are real or

due to poor analysis.

PERMANENT-MAGNET BETA-RAY SPECTROMETER MEASUREMENTS

_ Anvelectropléted‘source'of Rth6 was used_to ghalyze the internal
conversion lines in a permanent-magnet beta—ray sﬁectrbmeter;

Different eprsﬁrés were made and only twolcoﬁversioh lines were iden-
tified. The Very intense continuum beta spectrum prevents observation of other
weaker lines. The energies of the two lines observed were 0.514 Mev and 0.626
Mev, which correspond to transitions between the first excited level to ground

level, and second excited level to the first, respectively.

COINCIDENCE MEASUREMENTS

A. Beta-Gamma Coincidences

Measuremenﬁs were made of gamma rays. in coincidence with beta rays of
energies greater than about 1.84 Mev with different -erystal sizes, geometries,
and sources. A plastic.scintillator 2-inches in diameter b&iﬁnﬁnbh;highUQéuﬁled‘
to a 6810-A photomultiplier was used to detect the beta raysj—the-gamma-rays -

. were detected in a l-l/2—inch diameter by l-l/2-inch long NaI(T1) crystal
coupled to a 6810-A photomultiplier. A slow-fast coincidence circuit (21*50mus)
and a multichannel analyzef were used. Measurements were taken at 18®;degree
geometry, with collimator in the beta side and Be absorber in the gamma side.

In one experiment, the geometry was suph hhat the additidmofﬁh61@£26ix5lh caséade
was appreciéble,_and data weré taken with and without’lead:absorber in order to
determine the intensity of the 0.626-Mev gamma ray relative to that of the
l.lhO-Me% gamma ray. The results obtained in this measurement were compared
with those found in a better-geometry measurement in which the solid-angle
addition was negligible. Hgire 3 shows the gamma-ray spectrum in coincidence
with beta rays of energy greater than 1.8 Mev, with good geometry. Analysis

of all beta-gamme coincidence data yielded a value of 307 for the intensity

of the 0.624-Mev gamma ray relative to that of the 1.13-Mev gamme ray, and
about 8 for the intensity of the 1.04L5-Mev relative to the 1.55-Mev gamma ray.
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E.  Gamma-Ray Coincidences

The gamma-gamme coincidence measurements were performed with a 3-inch
diameter by 3-inches long NaI(T1) crystal used as the discriminator, a 1-1/2
inch diameper by‘l-l/E—inches long NaI(Tl) crystal used as the analyzer, a : ‘m‘
_fast-slow coincidence circuit (21§5x10-8 sec), ana a RCL 256-channel pulse-
height analyzer. For most of the work, the crystals were placed at 90 degrees
relative to each other with a 1/2-inch lead anti-ecattering shield between them.
The discriminator was set at 0.51, 0.62, 0.87; 1.045, 1.1%, and 1.55 Mev, .
with channel widths of about 4O to 60 kev. A summary of the gamma-gamma, coinci-

dence data is gi?en in Table II. Some typical coincidence curves are shown in

Figs. 4 and 5.

DISCUSSION

, 10
According to the analysis of .the beta spectra from- both Ru106 and Rh 6,

.the spin for Rth6 can be assigned as 1+. The ground state of Pdl is assumed
to be O+, as in all even=-even nuclei. The first excited state of Pd has an
energy of Or5ih Mev,‘according to our determination of the conversion lines in
the permanent-magnet beta-raylspectrometer. Moreover, the single gamma spectrum
indicates that the 0.51Lk-Mev ray is the most intense, and the gamma-gamma coin-
cidences show that this transition corresponds to that between first excited
and ground leveis, Our studies of conversion lines in a permanent-magnet spec-
trometer indicate a transition,of 0.626 Mev. Gamma-gamma coincidences ghow that
this one sits above the 0.51k Mev level 50 a second excited level at an energy
of 1. lhO Mev is present. - |

Beta-gamma coincidence measurements indicate that beta rays of energy
greater than 1.8 Mev are in coincidence with gamma rays of energies 0.51k, 0.626,
1.05, 1.1k and 1.55 Mev. The gamma-~-gamma coincidence data, together with these
results allows one to say that the 1.140-Mev gamma ray corresponds to a transi- M
tlon from the second excited state to the ground state. The sipgles spectrum
shows a relative intensity’ '?b 606 / luor~4223i-2ﬁzBeta—gamma coincidentes show -
3017 for this ratio. Gamma-gamma c01nc1dencesvgating at 0.870 Mev and 1.1L40 Mev
indicate that the 36.626h641h03$m10js only ahout 2.2. This means that there are
two 0.626-Mev gamma rays with relative intensities with respect to the 0.51lk-Mev
gamma ray of 5.5% and 47.5%, respectively. This indicates that there are two

levels near 1.140 Mev. One of them is supposed to be 2+ because there is a
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TABLE II

. 106 _
Relative intensities of gamma rays in Rh decay

T Coincidences

Gamma rays (energy) Beta
T K ' ' » 1.140 1.500 = spectrum
Eiiérgy  Sihgles 0G5 0.626 0.870 1.050 1.200 1.550 > 1.8 Mev
0.514 100 _ 53 7.5 X X X
0.626 532 5% 2.4 XX
0.710 0.16
0.870 2.4+0.5 2.h 2.4 1.1
1.050 7.6%0.5 T.h o b
12140 2.4+0.3 X 1.1 X X » a
1.250  0.4%0.+  0.25
1.500 0.1 0.2
1.550  1.0%0.05 | | . | b

1.770  0.30%0.05 0.17
1.990  0.15%0.05

2.090  0.15%0.05

2.110  .0.18%0.05

2,220  0.06

2.360  0.16%0.05

2.400  0,28%0.05

2.660 .0.03*0.01

X: Coincidence observed.

a: Relative intensities of the two gamma rays marked thus are given in the
text. '

- b: Relative intensities of the two gamma rays marked thus are given in the

text.
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cross-over ‘transition to the ground level, “and the other is . supposed to. be the
O+ level found in the angular-correlation experiments. 2,10 A third excited
level at 1.550 Mev exists in Pdlo6. According to our data, there is a cross
over transition to the ground state. Gamma-gamma coincidences indicate the

106 .

existence of higher levels in. Pd . All these conclusions can be summarized
10
in the - proposed disintegration scheme for the low-lying levels in Pd 6

shown in Fig. 6.

ACKNOWLEDGMENTS

The authors wish to thank Dr. Carlos Mallmann for suggestlons which
led to the present work. They are also indebted to Dr. Richard Diamond and
Dr. John Rasmussen for their interesting discussions during the course of the
work. The cooperation of’Dr. Jack Hollander in the analysis of the plates
exposed in the permanent-magnet spectrometers is very muech appreciated, as

well as the preparatlon of the sources by Méb Tocher.
One of the authors (H E.B.) wants to acknowledge the hospltallty

afforded to him by the Chemistry Department of the Lawrence Radiation Laboratofy.

#.



_15- UCRL-9%85

2.44
-, 2280
13« | _
L
:3) I 2.00
|
-1 — 1.840
'a 177
FON O3] | g
07100870 | | s .
(,0.2)‘21'4’ L o)
' +—+ } 140
O.(J26(5'5) 74 40
- (47*.5) “2‘4)
. ' 0514
1.550 0514
(100)
, ¥ o
pg'06 '
MU=-21698

Fig. 6. Eggposed disintegration scheme for the low-lying excited states
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