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1 - INTRODUCTION

A considerable amount of experimental work has been done in

the Cadmium nuclei, however very scarce information was available on

the neutron-deficient lc"}Cd and lost isotopes. The level structure

of mst had been investigated in our group from the 105I.n -~ Cd decay

(Rougny et al. 1973, River et al. 1975). Recently in the single neutron

pick-up reaction lm’Cd(3He, 0)105

Cd performed by Chapman and Dra-
coulis (1975), eleven states of the final nucleus were identified and corres-
ponding "n - value assignments extracted,

A striking feature of 107¢4 (Hagemann etal. 1974) and

1
‘09Cd (Meyer etal. 1975) nuclei is the existence of a decoupled band
built on the unique parity v(h 1)/2) state. This led us to search for a
similar sequence of high spin states connected by stretched EZ transi-

tions in lost using Pd{r, xmy)Cd reaction.

The study of lc"}Cd was all the more important as in 1060d
+ +
we observed (Daniere et al. 1977) additional 6 and 8 levels probably
due to particle excitation. In the case of 104C':l nuc leus only the two first

12
excited levels were known from Mo( ~C, xn‘vl)104Cd reaction {Hashizume et al,



2.

1969). R. Coussement et al, (1976) observed 3 y-rays in the (1.7%0, 3)
min, l041:1 decay using on-line mass geparation techniques. Recently
Varley et al. (1977) proposed a more detailed leve! scheme studying the
same decay. The aim of the present work is to identify the high spin states

of 104Cd by 1Ozl:’d.(:r , 2ny )l 04Cd reacrion,

2 - EXPERIMENTAL PROCEDURE AND DATA ANALYSIS

Targets approximately 10 x'ng/'cmz of igsotopically enriched

0
4pa (80%) and 102
polyethylene backings, They were bombard«d with 1 - 5 nA beams of

10 Pd (78%) were prepared hy deposition on thin

o particles from the Grenoble variable energy cyclotron,

The Y-ray single spectra measur -ments were perforrmed
with a 40 cm3 Ge(Li) detector at 45° to the beam direction. The

energy resolution of this calibrated spectrometer was 2.2 keV (F.W.H.

M) for 1332.5%keV y-rays of °°Co,’

¥ -ray spectra were recorded at & bombarding energies ran-

ging from 20 to 53 MeV in order to find the maximum Y-ray yield for

104Cd and lost. These excitation functions led us to fix the energy at
102 104 . 105

33 MeV Sfor the Pd{w, 2n) Cad reaction. The Cd nucleus was

102 105

studied by two different reactions.: Pd(x, n) Cd at 24 MeV and

104Pd(ﬂ, 3n)105Cd at 43 MeV. Typical excitation function curves of the
strongest lines in lost are presented in Figure 1 for the 104Pd(or, 3n)
105cc.l -

¥-y coincidences were studied in separate experiments using
two Ge(Li) detectors and a fast-slow coincidence circuit with overall time
resolution about 10 ns. The coincidences were stored event by event on
a magnetic tape connected to a PDP-9 computer. The data matrix was
1024 x 1024 channels and more than 2. 107 events were stored for each
isotope studied. An off-line analysis allowed the reconstruction of coinci-

dence spectra by setting digital gates on the peaks of interest,



The Y-y results were used in connection with the sum rule

for the construction of the level scheme.

Additionnal HF-Y delayed coincidence measurements were
performed in order to search for long-lived levels, For this, y-ray
spectra delayed and not delayed with respect to the high frequency signal,

called respectively "OUT" and "IN'" spectra have been recorded.

The angular distribution experiments were performed with
the targets mentioned above. For the lode(d.n)mst reaction, the
maximum recoil energy is = 1.3 MeV with bombarding o particles of
33 MeV energy. Then the corresponding range of the Cd nuclei is
about 0.3 mg/cmZ ina A =102 matrix (Northcliffe and Shilling, 14970).
Thus at least 98% of the recoiling nuclei are stopped in our target ; this
is corroborated by the fact that the angular distribution spectra do not

exhibit any distortion due to Doppler shift.

Beam centering was checked by measuring the angular distri-
bution y-rays due to the lost ~ Ag radioactivity produced in the target
(accuracy better than 0.5%). A third detector located at a fixed position
-+ 600) was used for beam intensity monitoring. The overall error on the

normalization was about 1% for both nuclei.

The target-to-detector distanze was 13,5 cm and the detector
was positioned at 5 angles from - 900 to - 150° with respect to the
be .m axis, Two complete cycles were made with 30 minutes counting
period at each angle. The angular distributions have been analyzed in a
classical way, described earlier by Yamazaki (1967) and Simms et al.
{1973) for example, assuming that the nucleus was excited into an appro-
ximately aligned state with a Gaussian population of magnetic sub-states
centered on m = 0, We have checked the consistency of our measurement
by extracting the a/1 values from the attenuation of the A2 and A4 coeffi-

cients.



3 - RESULTS For '%cd

On figure 2 is plotted a direct Y-ray spectrum obtained in

104Cd reaction at 33 MeV energy projectile. As an

the lode(d.ZnV)
example of Y-Y coincidences, figure 3, showstypical coincidence spectra
gated by the 532.9, 840.6 and 890.2 keV Y lines, In these spectra
appear the 657.9 (2+ - D+) and 834.0 keV (4+ - 2+) Y rays unambigously
assigned to 104Cd isotope by Varley et al. (1977). Table I summari-
zes the properties of Y-rays assigned to this isotope, On figure 4 are
plotted the least square fits of angular distribution for the transitions
appearing in the strongest cascade of l04CA:1. From HF-y delayed
coincidence measurements there is no evidence of a long-lived state in
this nucleus ; we now discuss relevant points of our scheme presented in

figure 5.

657.9_and 1491.9 keV levels

Angular distributions (81 = 0, -2) of 657.9 and 834.0 keV
yY-rays and the absence of "cross-over'" 1491,9 keV transition allow to
confirm the assignment 2% and 4% for these levels, recently made by

Varley et al. (1977) and previously by Hashizume et al. (1969).

2114.0 keV_level

This level could be the level observed at 2116 keV excitation
energy by Varley etal. (1977) inthe '®*In decay. The 8I=0, -2 cha-
racter o»f the 32L2 keV Y-line connecting the 6% level at 2435.4 keV

(as shown above) and the 622 keV Y-ray allow to propose 4*,

2370.0 , 3210.7 and_4100.9 keV levels

The angular distribution of the 878,1 keV , 840.6 keV and
890,2 keV Y-rays are typicaly stretched E2 transitions, The non-
existence of '"cross-over' transitions (I~ I- 4) leads us to assign the

6t, 8%, 10" spins sequence.



2435.4 , 2843.7 and 2902.0 keV levels

The E2 character of the 775.3 keV clearly indicates the
spin 6% for the 2435.4 keV level. From the angular distribution results
of the 473.7 and 532.9 keV transitions (8 = 0, -2} we assign spin 6
or 8 for both levels 2843.7 and 2902.0 keV.

3903.9 , 4038.3 and 4741 keV_levels

The 81= 11 character of both 1001.0 keV and 827.6 keV
transitions gives 5, Tor 9 as possible spin for the 3903.9 keV level and
7,9 for the 4038,3 keV level, Taking into account the angular distribu-
tion of the 702 keV Y-line, we assign the spin 9, 11 to the 4741 keV’

level.

4 - RESULTS FOR 1OSer

Table Il gives a summary of the data obtained about the

Y-rays assigned to l05Gd in the lode(or, n)“)5

Cd reaciion. On figure
6 a single Y spectrum is presented. The Y-ray intensity ratios repor-
ted in table III show that the 126.4 keV - 812.5 keV - 807,8 keV cas-
cade is delayed and partially fed by an isomeric level, This is in agree-
ment with the identification by Heiser et al, (1973) of a 5us halflife
level at an excitation energy higher than 2517.2 keV. This was confir-
med later by Grau et al. {1975). Figure 7 represents two coincidence
spectra gated by the 539.3 and 668 keV y-rays. Letus now discuss in

more details the most interesting features of the level scheme shown in

figure 8.

£:5, 195.9 and 260.0 keV _levels

+
Spin and parity 52  of the g.s. level were assigned by

Laulainen and Mc. Dermott (1969) from hyperfine structure studies using

1
the optical double-resonance technique and confirmed in 06Cci(d, t)XOSCd

reaction (Degnan and Rao, 1973) and more recently by Chapman and

106Cd(3 105

Dracoulis (1975) in He, %} ~Cd reaction. The 195.9 keV



level has been already observed by Rougny et al, (1973) in the 5.1 min
‘Osln decay. The angular distribution of the (195 keV -~ g.s.} transi-
tion could not be evaluated because of the presence of the 197 y-line due
to ‘gF activity produced by 1"O(cxf, p)l9F reaction, Probable spin

values are ranging from 12 to 92,

1162.7 , 1702.0, 2488.2 , 3343,9 keV_levels

The angular distributions of the 539.3, 786.2 and 854,7 keV
Y-rays arecharacteristic of stretched E2 transitions. So we assign the

spin sequence 1127, 1527, 1927, 232", It must be noted that the nega-

tive parity of the 11/2 (1162.7 keV) state has been recently proposed by
Grau et al, (1975).

131.1, 799.2_, _1685.8, 2587.3 keV_levels

For the 131, 1 keV level, the result of the angular distribution
of the 131 keV Y-ray (AI= t 1) is in agreement with the reaction data
giving Ln = 4 with 7/Z+ assignment, The angular distributions of the
668,1, B86.6 and 901,5 keV ¥Y-rays are characteristic of stretched
E2 transitions : so we assign 1]ﬂ+ , 15/Z+, 19/Z+ for the 799.2,
1685,8 and 2587.3 keV levels.

604.1, 770.5, 1578.4, 2390.8 keV_levels

+
From the angular distributions of the 604.1 keV (I = - 1),
770.5 keV , 807.8 keV , 812.5 keV (AL = -2) Y-rays we propose 727,
+ +
9/2+, 132  and 172 respectively for these states.

832.2, 1728, 2 keV_levels’

The angular distributions of the 832,2, 227.8 and 700.9 keV
¥-rays allow to assign unambigously r = 9/2+ for the 832,2 keV level.
The large AZ coefficient of the 896 keV angular distribution favours

AI = -2 and led us to propose 132" for the 1728.2keV level.
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5 - DISCUSSION

e
R 104 )
We discuss the structure of the Cd nucleus (see figure 9)
in connection to that of 1066d and heavier isotopes (Cochavi et al. (1971)

for 1‘)B(':d and Lumpkin et al. (1974) for llDCd).Hartree-Fm:k calcula-

tions have been performed using the Skyrme interaction and the potential
energy curves versus the deformation exhibits a wide minimum subdi-
vised into two minima for lOZ-lOG-lIDCd isotopes (Meyer et al. (1976).
This confirms that e.e. Cd nuclei are very soft transition.al nuclei, with
a weak but clear prolate deformation. For positive parity states, up to

the 6+ state, the ground state band is similarly developped in 104-106-

- +
108 lloCd. But another 6 state with similar feeding and located at the

same energy appears both in ‘04-106Cd, in contrast with the 108—HOCCI
nucleus. In this even-even nuclei, we should observe at least by (v, xny)
reaction, the band-hezd of decoupled bands built on two-quasi particles
states (I = jp iyt R) such as the aligned pairs (vd52 vg7/2) 6" or higher
in energy (vhl 1/2)210+ ) (n'g9/2)-28+.

served in even Pd nuclei (Grau et al. (1976)). In the heavier isotopes
108-110

Similar bands have been recently ob-

Cd this phenomena would only occurs from 8+ and 10+ because
the fermi level goes upper (N = 62-60) and the d52 and g7/2 orbitals
are nearly filled. A similar explanation of this situation is given by the
Arima and lachello model (Arima and lachello (1976) which takes into

account the number of bosons (or pairs of neutrons) outside the N = 50

104 _ . 106 _ 108 _.l10 _
closed shells 48Cd56N =3, CdSSN =4, Cd60N =5, Cd62 N=6
and predicts 2 '"cut-off'' of the ground state band from respectively the

+
6%, 8%, 10" ana 12,

For the negative parity stites we have some candidates to be
the (vhll2 ,vg7/2)9_ or (vhll/2 vdS/Z)S_ band head states but they are loca-
ted higher in energy than in los-llOCd because of the ascending behaviour

of the vhll/2 neutron orbital,



105(:£1

The most stricking feature of our results is the existence of
a AI = 2 negative band which exhibits a spin sequence 11/2; 1527, 192,
@23/27). The energy spacing appears quite éomparable to that of 0+, Z+, 4+,
6+ states of the even 104Cd core. So we refer to these 1127, 1527,
19/27, (23/27) states as rotation aligned states where the angular momen-
tum of the odd-particle (here the 1hll/2 unique parity neutron orbital)
is aligned to that of the core R giving states I=j+R=j, j+2, j+4 etc..
Similar negative parity ''decoupled" bands have already been observed by

107-109

(@, xny) reactions, in Cd nuclei (see figure 10). In the charac

ter of the 1127 Al=2 decoupled band remains unchanged the feeding of

this band is less in 2°°Cd thanin 19771%%q

: when A decreases,
the 1h11l/2 neutron orbital lies at a higher energy. We carn note that the
so-called "anti-aligned” states I ={j - R} have not been observed in

these (@, xnY) reactions.

For the positive parity states, one could expect a similar
decoupling for the highest - j positive parity orbitals, namely 1g7/2 and
even 2d5/2 as observed in 10171031055, (p: ey and Simms (1973) ).
The AL =2 band built on the 1g7/2 neutron orbital (727, 112%, 1521
has been tentatively observed in long and 107Cd, but in 1ost this

decoupled band is definitly present and strongly fed (see figure 10).

Concerning the band based on the 2d%2 orbital, which is
rather strongly fed in lost as compared to the heavier isotopes, its
caracter is not clearly defined. This band seems to be perturbed by
Coriolis effects because AI =1 and 48I = 2 transitions. both occur. Its

decoupled character will probably strengthen when N decreases as in
losPd, 103Pd, lolPc:l and it would be worth to follow the evolution of

+
such 52 bands in lighter isotopes. In figure 11, are presented the

Q- -
109-107 IOSCd

Iowest Ievels of a given spin fcr the ; one can observe

a compression of the whole spectrum when N decreases.
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In concl usion, we have seen in 104Cd isotope that from the
6+ level of the ground-state band, several particle states appear and that
rotation-aligned bands would intersect. For these even-even nuclei, cal-
culations including botk neutron and proton excitations in a Coriolis treat-
ment would be of high interest,

We have shown that ll)5Cd isotope exhibits two interes-

ting features
- decoupled bands built on vhll/2 and vg7/2 orbitals

- a strongly perturbed band built on vd52 that should become
103~
decoupled in 03 1mCd nuclei. The knowledge of the B(EZ) transition

values would be a crucial test for these pasitive parity bands.
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FIGURE CAPTIONS

Relative yield versus energy for the strongest Y-rays
observed in the reaction 104Pd(or, 3n)105Cd.

Direct y-ray spectrum obtained in the 1021='d @, ZnY)“MCd

reaction at 33 MeV energy projectile.

Coincident y-ray spectra gated by
a) the 532.9

b) 840.6

c) 890,2 keV y-rays.

Least-square fits of angular distributions for the strongest

¥ -rays of 1 4Crl.

104
Level scheme of Cd nucleus deduced from our experi-

ments.

Direct Y-ray spectrum obtained in the 1OZF‘d(OI. n)lOSCd

reactions at 24 MeV energy projectile.

Coincident Y-ray spectra gated by
a) 539.3
b) 668 keV Y-rays.

0
Level scheme of ! 5Cd nucleus deduced from our expe-
riments.

Systematics of excited states of 104-106-108-110Cd

isotopes.

Comparison between negative and positive parity bands in

105-107-109., isotopes and the gound-states band in

104-106-108-
neighbouring e-e 06-108 1mCd nuclei,

Experimental trend of favoured levels in 10,-107-109..,

isotopes.
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TABLE CAPTIONS

Table I : Summary of the Y-ray data for 104Cd from 10Zl”d(t!,va)

reaction. ¥ lines noted with * are complex and can be
placed twice in the scheme. (The energy and intensity of

the 559 keV line has been obtained from the coincidence

-data),
- Table II : Summary of the y-ray data for 10E’Cd from lode(a,n)IOSCd_
Table IO : ¥ -intensity ratios of some transitions delayed ("OUT")

or non C]elayed ("IN") with respect to the high frequency
signal of the cyclotron.

Transition (keV) 126, 4 812.5 807.8 770.5
y-Intensity [OUT
ratio ( IN 1 0.17 0.035 0.025
e
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Table I
E 1 Angular distrib. coeff. Assignment
(ke\vr') (E°= 33 MeV) A Eu= 33 MeV R Ei - E:f Al
2 4
187.4  (0.2) 10 (s) +0.25% 014} ~0.18% 0.20 {30311~ 28437 0, -2
307.2  (0.3) 25 (4) -0.07% 006 | +0.227% 0,08 [ 32107~ 2902.9 1
21,2 (0.2) 53 (2) +0.23% 004 | -0.12% o0.05 {2435.4~ 2114.0 9, -2
4.2 (0.3) ~5 4741.4~ a327.2
423.3  (0.3) 17 (3) -0.15 % 007 | -0.09% 0,09 | 4327.2~ 3903.9
467.3  (0.3) 10 () +0.27% 022 | -0.10% 0.30 | 2902.9~ 2435.4
473.7  {0.2) 20 (5) +0.13% 010 | -0.14% 0,13 | 2843.7~ 23700 o, -2
495.6  (0.2) 54 (10) -0.36 % 0,04 | +0.06a% 0,06 {30311~ 25315 T
532.9  (0.2) 150 (20) +0.28% 0.02 ] -0.18% 0.03 | 2902.9~ 2370.0 0, -2
559 [§}) ~15 ) 4463 ~ 3903.9
622.1 (0.2) {“ (29 +0.21% 002 | -0.06 % 0,03 365327 30311
50  (25) 2114.0~ 1491.9
634.6 (0.2) 30 (15) 4735,5-~ 4100.9
657.9 {(0.2) 1000 +0.25% 001 | -0.12% o0.02 | 657.9~ o o0, -2
702.6 (0.2) 42 (7) +0.29 % o0.0a -0.13% 0,06 | 4741.4~ 4038.3 o, -2
716.8  (0.2) 16 (5) 4817.7~ 4100.9
740.6  {0.3) 15 (5) 4394.4~ 3653.2
775.3  (U.2) 86 (13) + 0.34 + 0.03 .0.20 % 0.05 | 3210.7~ 2435.4 0, -2
827.6 (0.2) s @) -0.21% 005 | +0,11% 0,07 |4038.3~ 3210.7 ¥1
831.0  (0.2) 990 (150) +0.27% 0.0t | -0.127 0,02 | 14919~ 57.9 o, -2
840.6 (0.2) 126 (19) +0.31 % 0,03 | -0.18% o.05 | 32107~ 2370.0 o, -2
856.4 (0.3) 10 (5) 3887.5~ 3031,1
878.1 (0.2) 510 (80) +0.29% 0.02 | -0.13% 0.03 | 2370.0~ 1491.9 o, -2
890.2 (0.2) 113 (16) +0.31% 0,03 .0.14t 0,04 | 21009~ 3210.7 o, -2
927.6  (0.3) 0 (9 +0.09% 0,02 | -0.22% 0,03 | 3297.6~ 2370.0 o, -2
943.5 (0.3) 143 (20) +0.08% 001 ] -0.237% 0,02 | 2435.4~ 1491.9 0, -2
10010 {0.3) 85 (13) .0.11 ¥ 0,02 o ¥ 0.03 | 3903.9~ 2902.9 i
1039.6  (0.3) 3T (6) +0.23% 0.06 | +0.05% 0.06 | 2531.5~ 14919 o, ¥
1356.0 (0. 3) 15 (5) . 3887,5~ 2531.5
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Table II
E‘I IY Angul. distrib. coeff, Assignment
(keV) (B~ 24 MeV) A, A, E, - E L5
126.4  (0.2) 30 (2) +002% 0.09 | -0.14% 0.16 |2517.2~ 2300.8
13,1 (0.2) 1000 ~0.176 1 o0.014]-0.033 % o.016] 131.1- o t
166.4  (0.2) 36 (3) -0.20% 008 ! +0.11% 013} 7705~ 6040 %)
195.9  (0.2) 260 (14 195,9~ 0
227.8  (0.2) 42 6) 031} 009 (] ¥ 014 8320~ 6040 11
260.0  (0.2) 500  (30) +0.20% 0.02 | +0,030% o.026] 260.0- o 0, %1
330.6 (0.2) 190  (20) -0.28% 0,03 | -0.01? 0.04 {11627~ 8320 1
392.0  (0.3) 210 (15) -0.27% 003 | -0.02% 0.04 11627~ 7705 11
415.3  (0.3) 54 (7)
472.8  (0.3) 35 (6) 604.0~ 131.1
510.6  (0.3) 200 (100) 770.5~  260.0
539.3  (0.2) 330 (30) +0.286 % 0.03 | -0.13% 0.04 |1702.0~ ne2.7 o, -2
570.9  (0.3) 61 (8) +017 % 010 | -0.20% 0.17 | 766.8~ 195.9 o, -2
604.1 (0.2) 300 (20) c0.73% 003 | +0.10% 0.05 | 6020~ 0 b
639.5  (0.2) 300  (50) -0.17 Y 003 | +0.16F 0.0¢4 | 7705~ 1311
668.1  (0.2) 910 (70) +0.30% 0,02 | -0.12? 0,03 ] 799.2- 1311 o, -2
700.9  (0.2) 61 (6) -082% 010 | -0.13% 015 8320~ 1311 )
7049  (0.3) 19 (10) -0.73% 030 +0.4 ¥ 04 [2390 ~ 16858 T
770.5  (0.2) 125 (15) +0.35% 0,05 | -0.13% 0,09 770.5~ ¢ o, -2
779.2  (0.3) 37 (10) 085 f o1s | +o.1 ¥ ooz |1s78.4~ 799.2 %
786.2  (0.2) 130 (20) +0.29% 0.05 | -0.14% 0,08 |2488.2~ 1702.0 0, -2
807.8  (0.2) 260 (30) +0302 004 | -0.122 0.06 | 1573.4~ 770.5 o, -2
812.5 (0.2) 65  (10) +o.14 oonn | -0.13% o0.18 | 2390.8~ 1578.4 o0, -2
832.2  (0.2) 600  (60) +0.30% 0,02 | -0.08% o0.04| 832.0- 0 o0, -2
8547 (0.2) 2 (5 -oz0t 017 | -0.16 % 0.27 {3342'9' z488.2
1115 -~ 260
886.6  (0.3) 400  (40) +0.29 % a.03 | -0.01 % 0,04 |1685.86~ 199.2
896.0  (0.3) 150  {15) +0.33% 0,07 | +0.05% 0,10 |1728.2~ 832.0 0,%1,-d
901.5  (0.3) 20 (10) +0.38 ¥ o.10 | -0.29 Y 0,17 | 2587.3~ 1685.8 o, -2
915.0 (0,4) 9 (5) 2643.2~ 1728,2
943.6  (0.4) 20 (4) 1139.5  195.9
115.1  (0.4) 17 (%) 1115.1= o0
1125.7  (0.4) 1 (0) 1385.5~  260.0
1139.8 (0.4) 25  (20) 1139.5 = 0
1189.3 (0. 3) so  (10) 1385.5~ 195.9
1385,3 (0. 4) 30 (15) 1385, 5~ 4
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HIGH-SPIN STATES IN 104, lOSCd

J, Genevey-Rivier, J. Tréherne
Institut des Sciences Nucléaire s (IN2P3 and USMG)
53, Avenue des Martyrs - 38000 Grenoble (France)

and

I. Daniére, R. Béraud, M, Meyer, R, Rougny
Institut de Physique Nucléaire {and IN2P3}, Université Lyon-1
43, Bd du 1! Novembre 1918 - 69621 Villeurbanne (France)

ABSTRACT
The 104, lost nuclei have been investigated in tha
102000, ny) %%ca, '92Pd(a, ny }'°%Ca and 1%%pata , 3y ) %%cq

reactions. The proposed level schemes including states up to 4817,7
keV and 3342.9 keV for ‘D4Cd and msca respectively are based on
results obtained from direct and delayed y -ray spectra, excitation
functiona, y-y coincidences and y -ray angular distributions. Inten-
se E2 cascades have been ohgerved in 104Cd nucleus, Decoupled

1
i : .
bands built on the \;h“/z and on “27/2 are populated in Cd
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HIGH-SPIN STATES IN Cd.

J. Genevey-Rivier, J. Tréherne.
Institut des Sciences Nucléaires {IN2P3 and USMG)
53, Avenue des Martyrs - 38000 Grenoble (France)

and

J. Dani¢re, R. Béraud, M, Meyer, R. Rougny,
Institut de Physique Nucléaire, (and IN2P3), Université ( ‘aude-Bernard
Lyon-I, 43 Bd du 11 Novembre 1918, 69621 Villeurbanne (France},

1 - INTRODUCTION

A considerable amount of experimental work has been done in

the Cadmium nuclei, however very scarce information was available on

105

the neutron-deficient 10““Cd and Cd isotopes. The level structure

of leCd had been investigated in our group from the wsln -~ Cd decay
(Rougny et al. 1973, Rivier et al. 1975). Recently in the single neutron

106 105

pick-up reaction Cd(sHe, @) Cd performed by Chapman and Dra-

coulis {1975), eleven states of the final nucleus were identified and corres-

ponding "n - value assignments extracted.

K4

A striking feature of 107Ccl (Hagemann et al. 1974) and
long (Meyer etal. 1975) nuclei is the existence of a decoupled band
built on the unique parity v(h 11/2) state. This led us to search for a

similar sequence of high spin states connected by stretched E2 transi-

tions in '105Cd using Pdlg, xny)Cd reaction,

The study of 104Cd was all the rnore important as in 1066d

+
we abserved (Danidre et al. 1977) additional 6+ and 8 levels probably

due to particle excitation. In the case of 10‘llCd nue leus only the two first

104

2
excited levels were known from Mo(:l C,xnY¥)  Cd reaction (Hashizume et al.
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1969). R. Coussement et al, (1976) observed 3 vy-rays in the (1.7 tO. 3)
104 N

min. 0 In decay using on-line mass separation techniques. Recently

Varley etal, (1977) proposed a more detailed level scheme studying the

same decay. The aim of the present work is to identify the high spin states

104 102 104

of Cd by Pd{x, 2ny) ~ Cd reaction,

2 - EXPERIMENTAL PROCEDURE AND DATA ANALYSIS

Targets approximately 10 mg/cm2 of isptopically enriched
02

*pa (380%) ana
polyethylene backings, They were bombarded with 1 - 5 nA beams of

16 Pd (78%) were prepared by deposition on thin

o particles from the Grenoble variable energy cyclotron.

The ¥-ray single spectra measurements were performed
with a 40 cm3 Ge(Li) detector at 45° to the beam direction. The
energy resclution of tbis calibrated spectrometer was 2.2 keV (F,W.H.

M) for 1332,5 keV Yy-rays of 60Co.

Y-ray spectra were recorded at & bombarding energies ran-
ging from 20 to 53 MeV in order to find the maximum Y-ray yield for
104Cv:l and 105Cd. These excitation functions led us to fix the energy at

33 MeV for the lode(ﬁ‘, 2n)104Cd reaction. The 105Cd nucleus was

studied by two different reactions.: 1‘)Zl’d(m, n)105Cd at 24 MeV and

104Pd(nr, 3n)105Cd at 43 MeV. Typical excitation function curves of the

5
strongest lines in 10 Cd are presented in Figure 1 for the 104Pd(01, 3n)

105Cd.

Y-y coincidences were studied in separate experiments asing
two Ge(Li) detectors and a faet-slow coincidence circuit with overall time
resolution about .0 ns. The coincidences were stored event by event on
a magnetic tape connected to a PDP-9 computer. The data matrix was
1024 x 1024 channels and more than 2. 107 events were stored for each
isotope studied. An off-line analysis allowed the reconstruction of coinci-
dence spectra by setting digital gates on the peaks of interest, The spec-
trum in coincidence with the background due to Comnpton events has been

substracted for each gate.
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The y-y Tesults were used in connection with the sum rule
for the construction of the level scheme,

Additionnal « -ydeclayed coincidence measurements were
performed in order to search for long-lived levels. For this, y-ray
spectra delayed and not delayed with respect to the high frequency signal
of the cyclotron, called respectively "OUT" and "IN" spectra, havec been
recorded.

The angular distribution experiments were performed
with the targets mentioned above. For mde(n , n)mscd reaction, the
maximum recoil energy is ~ 1.3 MeV with bombarding a particles of
33 MeV energy. Then the corresponding range of the Cd nuclei is about
0,3 mg/cm2 in a A = 102 matrix (Nerthcliffe and Shilling, 1970). Thus
at least 98% of the recoiling nuclei arc stopped in our target ; this is
corroborated by the fact that the angular distribution spectra do rot exhi-
bit any distortion due to Doppler shift,

Beam centering was checked by measuring the angular
distribution y -rays due to the IOSCd - Ag radioactivity produced in the
target {accuracy better than 0.5 %). A third detector located at a fixed
position (+60°) was used for beam intensity monitoring. The overall
error on the normalization was about 1% for both nuclei.

The target-ta-detector distance was 13.5 cm and the de-
tector was positioned at 5 angles from 90° to 300 backward angles with
respect to the beam axis. Two complete cycles were made with 30 mi-
nutes counting period at each angle. The angular distributions have been
analyzed in a classical way, described earlier by Yamazaki (1967} and
Simms et al. (1973) for example, assuming that the nucleus was excited
into an approximately aligned state with a Gaussian population of magne-
tic sub-states centered on m = 0, We have checked the consistency of
our measurement by extracting the g/1 values, caracterizing the rela-

tive disalignment,from the attenuation of the Az and A4 coefficients.



3. RESULTS FOR _‘%*cd

In figure 2 is plotted a direct y-ray spectrum obtained

in the ]OZPd(u , 2ny)104Cd reaction at 33 MeV energy projectile, As an
example of y-y coincidences, figure 3, shows typical coincidence spec-
tra gated by the 532.9, 840.6 and 890.2 keV y lines. In these spectra
appear the 657.9 (Z+ - 0+) and 834.0 keV (4+ - Z+) y rays unambigously
assigned to ]O4Cd isotope by Varley etal (1977), Table 1 summarizes
the properties of y-rays assigned to this isotope. On figure 4 are plot-
ted the least square {its of angular distribution for the transitions appea-
ring in the strongest cascade of l(MCci. In figure 5 we show onc of the
direct angular distribution spectra measured at 900 angle, From a -y
delayed coincidence measurements there is no evidence of a long-lived

state in this nucleus ; we now discuss relevant points of our scheme pre-

sented in figure 6.

657.9, _1491.9, 2370.0, 3210.7 _and 4100.9 keV levels

These levels form the main cascade of the scheme. The
angular distributions of the lines involved have heen analyzed as mentio -
ned in E 2. The A2 and A4 coefficients are consistent both with spin
change 81=C and 841= -2, In spite of the absence of'cross-over! tran-
sitions the possibility of Al = 0, MI-E2 mixed transitions might remain.
However the following analysis favours the case Al = -

Figure 7 shows the consistency check based on the o/1
values analysis. Assuming a Gaussian distribution of the m-substates
for the levels of a cascade of stretched E2 transitions, the experimental
points are extracted {rom the A2 and A4 coefficients. The solid lines
are the theoretical curves normalized on the experimental value of the
highest level. When going down in the cascade it is easy to remark,
first,a consistent pattern of deorientation ard secondly that experimen-
tal widths become larger than theoretical ones (side-feeding for exam-
ple contributes to this effect).

The smooth trend of the relative width shows that our

results are compatible with a cascade of stretched E2 transitions,
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The 657.7 keV{irst excited state isumambiguously a 2+ state, The occu-
rence of a MI-E2 mixed transition with 6§~1 must be considered in the
upper members of the cascade, However the B{E2) ratios usually obser~
ved [ for example B(EZ ; 2, - 0)/B(E2 ; 2, ~ 0) 1 in weakly deformed
nuclei are generally of the order of a [ew percent. If we assume that the
1491.9 keV level is a Z+ Adevel and analogous B(E2) ratios, the intensity

ratio {1491.9) would be of the order of 1. The upper limit for this
1,(657.7)
3

ratio , deduced {rom the experimental spectrum is only 1077, Thus
the 1491.9 keV level has definitively spin and parity 4+. The same deduc-
tion applies for upper levels and this leads to proposc the following se-

: - EE L e + .
sequence of spins and parities 0 -2 -4 -6 -8 - (10 ) for the

levels mentioned above.

2114.0 keV level

This level could be the level observed at 2l 16 keV excita-
tion energy by Varley et al. (1977) in the l(Mln decay. No spin assign-
ment can be deduced from the angular distribution of the 622.1 keV
y -line because of its complex nature, The Al =0, -2 character of the
321.2 keV vy -line connecting the 6+ level at 2¢435.4 keV {as shown in
next paragraph} leads to assign 1= 6 or 4. The weak feeding of this

P s g +
level indicates that it is not the "Yrast" 6  and favours I=4 .

2435.4 and_2902.0 keV levels

The E2 character of the 775.3 keV leads to assign spin 6+
for the 2435,4 keV level. The 943 keV peak is of complex nature. The

smallest value of the A coefficient of the 943.5 keV line as compared

2

to that expected for a stretched E2 transition is probably due to the
105

presence of the 943.6 line belonging to Cd. From the angular

distribution results of the strong 532.9 keV transition (AI = 0, -2)

we ass5ign spin b or 8 for the level 2902.0 keV
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3903.9 ., 4038.3 and 4741 keV_levels

The AI= t 1 character of both 1001.0 keV and 827.6 keV
transitions gives 5, 7or 9 as possible spin for the 3903, 9% keV level and
7,9 for the 4038.3 keV level. Taking into account the angular distribu-
tion of the 702 keV Y-line, we assign the spin 9, 11 to the 4741 keV
level,

4 - RESULTS FOR mst

Table Il gives a summary of the data obtained about the

y-rays assigned to lost in the IOZPd(a’ n)105

Cd reaction. In figure
8 a single Y spectrum is presented. The Y-ray intensity ratios repor-
ted in table III show that the 126.4 keV -~ 812.5 keV - 807.8 keV cas-
cade is delayed and partially fed by an isomeric level, This is in agree-
ment with the identification by Heiser et al. (1973) of a 5us halflife
level at an excitation energy hipher than 2517.2 keV, This was coniir-
med later by Grau et al, (1975)., Figure 9 represents two coincidence
spectra gated by the 539.3 and 668 keV y-rays, Letus now discuss in

more details the most interesting features of the level scheme shown in

figure 10.

£:S, 195.9 and 260.0 keV_levels

Spin and parity s/z+ of the g. s, level were assigned by
Laulainen and Mc. Dermott {1969) from hyperfine structure studies using
the optical double-resonance technique and confirmed in 106Cd(d, t)lOSCd
reaction (Degnan and Rao, 1973) and more recently by Chapman and
Dracoulis {1975) in 1°6Cd (CHe, )'1%%Ca reaction. The 195.9 keV

level has been already ohserved by Rougny et al, {1973) in the 5.1 min
1051:: decay. The angular distribution of the (195 keV~ g.s.} transi-
tion could not be evaluated because of the presence of the 197 ¥-line due
to 19F activity produced by 160(0!, p)19F reaction. Probable spin

values are ranging from 12 to 92.
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1162,7, 1702.0, 2488.2, 3343.9 keV levels
Angular distributions of the 832.2, 700.9, 227.8 keV y-rays

arec consistent with the spin assignment r = 5/2+, 9/2+. The spin change
Als= ' 1 deduced unambiguously from the angular distribution of the 330.6
keV -line leads to 1= 32, 7/2, 11/2 for the 1162.7 keV level. This le-
vel has been observed at 1162 keV by Chapman and Dracoulis (1975) in the
the lo6Cd(3He,u ))05cd reaction ; they deduced tn = 4 or 5 for the trans-
ferred neutron eliminating thus the spin value 3/2. Grau et al, (1975)
have recently established by linear polarization that this level has spin
11/2 with negative parity.

The angular distributions of the 539.3, 7B6.2 and 854.7 keV
y-rays are characteristic of stretched E2 transitions. So we assign

the spin and parity sequence 11/2°, 15/27, 19/2°, 23/2".

131.1, 799.2, 1685,8, 2587, 3 keV _levels

For the 131.1 keV level, the result of the angular distrilution
of the 131 keV Y-ray (AL = t 1) is in agreement with the reaction data
giving .Gn =4 with 7/2+ assignment. The angular distributions of the
668.1, 886.6 and 901.5 keV y-rays are characteristic of stretched
E2 transitions : so we assign ll/‘Z+ , 15/‘Z+, 1.9/‘2+ for the 799.2,
1685.8 and 2587.3 keV levels.

604.1, 770.5, 1578.4, 2390.8 keV_levels

+
From the angular distributions of the 604.1 keV {81 = - 1),
+
770.5 keV , 807.8 keV, 812,5 keV (Al = -2} y-rays we propose 7/2 ,
+ + +
927, 132" and 172 respectively for these states.

832.2, 1728.2 keV_levels

The angular distributions of the 832.2, 227.8 and 700.9 keV
y-rays allow to assign unambiguously Iﬂ = 9/‘2+ for the B32.2 keV level,
The large AZ
AI = -2 and led us to propose 13/‘2+ for the 1728.2 keV Ievel,

coefficient of the 896 keV angular distribution favours
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5. DISCUSSION
1%%cq_
We discuss the structure of the 104Cd nucleus (see figure 11)
in connection to that of 106Cd and heavier isotopes (Cochavi et al, (1971)

108 110

for Cd and Lumpkin et al, (1974) for Cd). Hartree-Fock calcula-
tions have been performed using the Skyrme interaction and the potential
energy curves versus the deformation exhibits a wide minimum subdivi-
sed into two minima for |0%° 106-1 loCd isotopes {Meyer et al. (1976).
This suggests that e.e Cd nuclei are very soft transiticmal nuclei, with
a weak but clear prolate deformation, The heavier isotopes (for instance
lMCd) have been usually interpreted as typical vibrators. However Q2+
values have been measured by Esat et al. (1976) and Maynard et al. (1977)
for 12-1 10—108-106Cd. The experimental values show a constancy among
the isotopes and licaround -0.40 eb, indicating a weak prolate deformation
in agreement with the HF calculations, as mentioned above. To explain
the existence of cross-over transitions and these large values of Qz+
quadrupole moment, which deviates from the predictions o the purely har-
monic vibrational model, many authors have introduced anharmonidties :

coupling two proton holes to the vibrating 5Sn core in the so-called par-

ticle-core coupling model as Alaga et al. (1967) did

mixing phanon states up to N=2 as Hiusser et al. {1971), Spear et al,
(1976) did for Usz and “2-”0-108—]06Cd respectively, ar in a
boson expansion technique including terms up to sixth order as derived
by Kishimoto and Tamura (1976) for 114Cd.

Such treatments have reproduced the experimental E2 matrix
elements data up to the two phonon states.

Another equivalent approach is to consider these e.e nuclei
as elightly deformed rotating cores. This rotational aligned coupling
scheme has been firstly introduced for odd-A nuclei to explain the results
of (HI, xny) reactions preferentially populating Yrast states 1= j+R and
where the particle appears '"decoupled to the core" (Stephensetal, (1975)

It has been successfully extended to e.e Pd isotopes (A = 106-104-102)
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by Grau et al. (1976 ). Even-even Cd isotopes can also be understood
as slightly deformed rotors. In this scheme, we observe in ]04Cd the
ground state band up the 10+ state, with particular strong feeding up to
6+ state. Apart from these states, appear between the 6" and 8+

g.s. b, states, additionnal states with possible spin 6, B or 3,4, 5 and

in particular a second 6+ state close to the first one as in lo‘,Cd.

These states can be due to (n g 9/2)-2, (vh ]]/2)2 , Ve 7/2)2 or

(vd 2 Vg 7/2) configurationg, Higher in energy, around 4 MeV exci-
tation energy,combinations of two particles such as (vh 11/2vg 7/2)

with the highest possible spin should give rise to the two first states of a
decoupled band4038. 3 (7, 9) and 474! (7, 9, 11) states. In conclusion
]04Cd n'.cleus appears with a very similar structure to that of ]06Cd,

N N +
characterized by a well fed ground state band with an intruder b state

+..
close to the g. s.b. 6 level.

In this analysis we put together 105_107_109Cd isotopes.

Their level schemes are presented in figure 12, A band structure has

07
been already observed in ! Cd by Hagemann et 21, (1974) and in wng

IO—ICE],Dtmau and Hageman (1976) have

by Meyer et al, (1975 ). For
interpreted the three sequencesoflevels with AI = 2 spin difference and
connected by stretched E2 cascades, in a core plus particie model taking
into account two quasi-neutron coupled to an anharmonic 06Cd core.

The results of Hiusser et al. (1974) who have measured mean lives and
g-factors in 10-ICd also support a particle vibration coupling description,

On the other mand, 109Cd has been understood in . - {rame-
work of particle-plus-rotor model, witha h1)/2 neutron decoupled from
the core by Meyer et al, (1975).

For Cd nucleus, the most stricking feature of our re-
sults is the existence of a AI = 2 negative hand which exhibits a spin
sequence (11/27, 15/27, 19/27, (23/27)) and a positive band (7/27,
ll/2+. ]5/2+). We must remark that their energy spacings appear

+
quite comparable to that of o* 2 4 6+ states of the even l04Cd

core, in a similar manner as for 109_](“Cd (see figure 13).
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Furthermore P, Quentin et al, {1977) bave used within the particle plus
rolor model, single particle wave function obtained from self-consis-
tent calculations to interpret the properties of odd Cd nuclei. Their
preliminary results support our data. So we reler to these /2%,
15/27, 19/27, (23/27) states as rotation aligned states where the angu-
lar momeniumn of the odd-particle (here the 1h 11/2 unique parity neu-
tron crbital) is aligned to that of the core R giving states 1= j+R=j,
j¥2, j+4, ctc .. If the character of the 11/2° 4l = 2 decoupled band
remains unchanged the feeding of this band is less in IC'SCd than in
]07—109Cd : when A decreases, the 1h11/2 neutror orbital lies at
higher energy. We can note that the so-called "anti-aligned' states

I= ,j-R‘ have not heen ohserved in these (a,xnY) reactions. The
A1=2 band built on the 1g 7/2 neutron orbital (7/z+, 11/z+, 15/z+)

has been clearly observed in Iong and ’07Cd. but in 19%¢d this
decoupled band is much more strongly fed as shown in figure 12,
Concerning the band based on the 2d 5/2 orbital, which is rather stron-
gly fed in IOSCd as compared to the heavier isotopes, its character is
not clearly defined. This band seems to be perturbed by Coriolis effects
because Al=1 amd 8= 2 transitions both occur. Its decoupled cha-

10z
racter will probably strengthen when N decreases as in Pd, wBPd

+
101F’d and it would be worth to follow the evolution of such 5/2° bands
in lighter isotopes. In figure 14, are presented the lowest levels of
. L 109-107-105 .

a given spin for the Cd ; one can observe a compression
of the whole spectrum when N decreases.

The knowledge of the structure of 103- lmCd and some
B(E2) values would be a crucial test for the particle plus rotor or parti-

cle vibration models,
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Note added in proof

In a recent contribution to the Tokyo Conference,

Hashizume et al. (1977) proposed a level scheme for l04Cd obtained

via 1041=‘d(3H(=‘, 3n) reaction, They proposed a cascade of 658.3 (2+..0+),
834.6 (4+ - Z+)» 878.4 (6+ - 4+). 841 keV y-rays in agreement with our
results. The location of the 890 keV vy -line is different in their scheme
but our coincidence data (see figure 3) show unambiguously that this y-
ray is in coincidence with the 841 keV line. Instead of our 532.9 keV
linc, they measured a 538.4 keV y-ray., This difference is probably due
to the strong 539.3 keV y-1ay produced by the l04P‘d(3He, 2ny) mst

reaction,
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EIGURE CAPTIONS

Relative yield versus energy for the strongest y-rays

observed in the reaction l041=’d(a R 3n)105C

d at energies
ranging from 37 MeV to 48 MeV. Errors on the y-ray
yield due to normalization are about 10% and statistical

errars are negligeable

Direct Y -ray spectrum obtained in the ]OZPd(o. ,Zny)“mcd
reacticn at 33 MeV energy projectile, Parasitic y-rays
have been identified and are indicated. The other lines

reported are the strongest of 104Cd

. 104
Coincident y-ray spectra measured for Cd and gated !
by :

a) the 532.9
b) 840
c) 890.2 keV y-rays

Least-square fits of angular distributions for the strongest

Y -rays of l04Cd

An example of direct angular distribution spectrum mea-
sured at 90° angle. All -rays for which the angular
distribution have been calculated are reported in the

figure.

0
Level scheme of ! 4Cd nucleus deduced {rom our

experiments

Relative width (U/!i) of the m- substates distribution
for the levels involved in the strongest cascade of
104Cd. The distribution is assumed to be gaussian :
the solid line joins the theoretical points normalized
on the experimental value obtained for the highest

level
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Figure
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Figure

Figure

10

15

0
Direct y -ray spectrum obtained in the lode(ﬂ .n)1 5Gt:l

reactions at 24 MeV energy projectile

Coincident y-ray spectra measured in 105Cd and gated by :
a) 539.3
b) 668 keV y-rays

Level scheme of 105Cd nucleus deduced from our expe-

riments

Systematics of excited states of 104- 106-108-“00:1

isotopes observed in (a,xny) and (H.I, xn,) reactions.

Systematics of excited states in ]05-]07-109Cd nuclei

observed in Pd(a, xny ) Cd reactions

Comparison between negative and positive parity bands

05-107-10
n 105-1 9Cd isotopes and the ground-state bands

in neighbouring e. e 104-106- 10B-”()Cd nuclei

Experimental trends of Yrast positive parity levels in

-107-10 -
105-107-1 9Cd. The 11/2" level is reported to locate

the negative parity band
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TABLE CAPTIONS

Table I : Summary of the Y-ray data for

04Cd from

10

reaction, Y lines noted with * are complex and can be

placed twice in the scheme. (The energy and intensity of

the 559 keV lire has been obtained from the coincidence

data).
Table I :  Summary of the Y-ray data for 10°Cd from '°%pdaf,n) ®%ca.
Table III : Y-intensity ratios of some transitions delayed ("OUT")

or non delayed ("IN"} with respect to the high frequency

signal of the cyclotron.

ZPd(a, 2ny)

Transition {keV) 126, 4 812.5 807.8 770.5
v-Intensity (OUT 1 0.17 0.035 0.025
ratio IN




Table I
E Iy Angular distrib. coeff, Assignment 2
(kc;) (5,33 Mev) . E,= 33 MeV R E ~ E o
2 4 ;
187.s  (0.2) 10 (5) +0.25% 0.14 | -0.18 % 0.20 | 30311~ 28137
307.2  (0.3) 25 4y -0.07 % 0.06 +0.22% 0,08 |3210.7~ 2902.9
21,2 (0.2) 53 (1) +0.23% 0,04 | -0.12% 0,05 | 24354~ 21120 o0, -2
414.2 (0.3} ~5 4741. 4~ 4327.2
423.3  (0.3) 17 (3) -0.16 % 0.07 | -0.09% 0,09 |4327.2~ 39039
467.3  (0.3) 10 @) +0.27% 0,22 | -0.10% 0.30 | 2902.9~ 2435.4
473,71 (0.2) 20 (5) +0.13% o010 | -0.14t 0,13 [ 28437~ 2370.0
499.6  (0.2) 54 (ig) ~0.36 % 0,04 | +o0.04% 0,06 |3031.1~ 2531.5
532.9  (0.2) 150 (20) +0.28 % 0,02 | -0.187% 0,03 |2902.9~ 2370.0 0, -2
550 (1) ~15 4463~ 3903.9
bzz.1  (0.2) {60 (23) +0.21% 0.0z | -o0.06% o003 | 203327 20311
50 (25) 2114.0~ 1491.9
634.6  (0.2) 30 (15) 4735.5- 4100.9
657.9  (0.2) 1000 +0.2% 000 | -0.12% 002 657.9- 0o 0, -2
702.6  (0.2) 2 ™ +0.29 % 0,04 | -o0.13% 0.06 [ 474l.4~ 4038.3 o0, -2
716.8  (0.2) 16 (5) 4817.7 = 4100,9
740.6  (0.3) 15 (5) 4394.4~ 3653,2
775.3  (0.2) 86 (13) +0.34% 003 .o0.20% 0.05 |3210.7~ 24354
827.6 (0.2) 5 (8) 021 ¥ 005 | <011t 0.7 | 40383~ 32107
8210 {0.2) 990 (150) +0.22% o000 ] -o012F 0,02 | 14909~ 57,9
840.6 (0.2) 126 {(19) +0.31 7 0,03 ] -0.187 o0.05 |3210.7~ 2370.0
856.4  (0.3) 10 (s) 3887.5~ 3031.1
878.1  (0.2) 510 (80) +0.290 % 0,02 | -0.13% 0,03 |2370.0- 1491.9 o0, -2
890.2  (0.2) 113 (16) +0.31 % 0,03 | -0.147% 0,04 | 4100.9- 32107 0, -2
927.6 (0.3) 60 (9) +0.09 % qo2 ~0.22 % 0.03 | 3297.6~ 2370.0 o0, -2
943.5  (0.3) 143 (20) +0.08 % o0.01 -0.23 % 0.02 | 2435.4~ 1491.9 0, -2
1001.0 (0.3} 85  (13) 011t 002 o % 0.03390..9- 29029 T1
1039.6  (0.3) 37 (6) +0.23% 0.06 | +0.05% 0.06 | 2531.5- 14919 0, 71
1356.0 (0.3} 15 (5) 3887.5- 2531,5




Table II
EV IV Angul, distrib. coeff, Assignment
(keV) (E = 24 MeV) A, A, E, - E b
126.4  (0.2) 3 (2) +0.02% 009 | —o.1at 0.16 | 2517.2~ 2390.8
131 (0.2) 1000 -0.176 ¥ 0.014| - 0,033 0.0v6| 1311~ o f1
166.4 (0.2} 36 (3) -0.20} 0.8 | +0.117% 0.13 | 71705~ 6040 f3
195.9  (0.2) 260 {14) 195.9~ 0
227.8  (0.2) 2 (6) -0.31 % 0,09 o fo.14] 8320~ 6040 t1
260.0 (0.2} 500  (30) +0.20% 0,02 | +0.030% 0.026] 2600~ o 0 F1
330.6 (0.2} 190 (20) -0.28% 003 | ~0.o1t 0,04 |1162.7- 83200 F1
392.0 (0.3} 210 (15) -0.27% 0,03 | -0.02?% o0.0¢ | 1162.7~ 7705 %
415.3  (n.3) 56 (1)
a72.8  (0.3) 35 (6) 604.0~ 131.1
510.6  (0.3) 200 (100) 770.5- 260.0
539.3  (0.2) 330 (30) +0.28% 0,03 | -0.13% 0.04 |1702.0~ 1162.7 0, -2
570.9  (0.3) 61 (6) +0.17% 0,10 | -0.20% 017 | 766.8~ 1959 o0, -2
601.1  (0.2) 300 (20) 073 003 ] +0.10% 0.05 | 6010~ 0
639.5  (0.2) 300 (50} 017 % 003 | +0.16 % 0,04 | 7705~ 131 I3
668.1  (0.2) 910  (70) +0.30 % 002 | -0.12f 0,03 799.2~ 1311 0, -2
700.9  (0.2) 61 {6) -0.82% 010 | -0.13% 015 | s32.0- 1311 fyp !
704.9  (0.3) 19 (10) —o.13t 00| s fooa 2390 - 16858ty
770.5  (0.2) 125 (15) +0.35% 0,05 | —0.13% o0.99 | 770.5~ 0o 0, -2
779.2 (0.3) 37 (10) 085 0,15 | +0.0 Foor |istea- 799.2 Py
786.2  (0.2) 130 (20) +9.29 % 0,05 [ -5.14 % 0,08 | 2488.2~ 17020 o0, -2
807.8  (0.2) 260  (30) +o.30 F 0.04 sz} 0.06 | 1578,4—~ 770.5 0, -2
812.5 (0.2) 65  (10) +0.14% 011 | -0.13% o.18 {2390.8~ 1578.4 o0, -2
832.2  {0.2) 600  (60) +0.30% o002 [ -0.08% 0,04 8320~ o0 0 -2
854.7 (0.2} 2z (5 -0.20f 017 | -0.16% 027 {”42‘9' 2488.2
1115 - 260
886.6  (0.3) 400 (40) +0.29% 0,03 | -0.07% 0,04 |1685.8~ 799.2
896.0  (0.3) 150 (15) +0.33% 0,07 | +o0.057% 0,10 | 1728.2~ 832.0 o0,%1,-3
901.5  (0.3) 70 (10) +0.38 % 0,10 | -0.29 % 0.17 [2587.3~ 1685.8 o0, -2
915.0  {0.4) 9 (5) 2643,2~ 1728.2
943.6  (0.4) 20 @ 1139.5  195.9
11151 (0.4) 17 (5 1115,1= 0
11257 (0.4) 11 (10) 1385.5+  260.0
1139.8 (0.4) 25 (20} 1139.5~ 0
1189.3 (0.3) 50 (10) 1385.5~ 195.9
1385.3 (0. 4) 30 (15) 1385.5~ 0




Relative y-ray yield
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