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PLATINUM, AND MERCURY¥*

. J. Burde,¥* R. M. Diamondj'andAF:_S. Stephens
Lawrence Radiation Laboratory
University of Californis
Berkeley, California
U.S.A.
March 1966
.This work is a continuation of the study described last yean _
at the Minsk Conference}l' We observe the gamma rays and conversion
electrons occurring after neutron emission.in heavy-ion reactions. The
most important results from the initial studyaof nine neutron-deficient -

even-éeven isotopes of Yb, Hf, and W were: .1). In general, only ground- B

state-band rotational (E2) transitions were observed in appreciable

E_ -E
) _ I I-2 ‘
lintensity, 2) tne rotational constant, AI =IT -5 decreases by

-about a factor of 2 as the spin I, increases from 2 to 16; 3) although
' Jthe 2 -0 transitions differed by as much as a factor of 1.7 in N
" energy, the high spin transitions were very similar in energy (lh -512
transitions had a.maximum‘spread of ~12%). |
We concluded that a rotation-vibration interaction played a
.n_ ma jor role in this behavior, and that the ﬁ-vibrational band-ground band

"~ interaction was most 1mportant. This corresponds clagssically to centrif-

- ugal stretching of the nucleus, and 80 we applled the model of Davydowv

"and Chaban,3 ignoring'the y~iibrafional band interaction by setting

. ﬁ = 0. These calculations gave very good fits to‘the ground-band energies,
iand they also allowed reasonably good predictions of B-bandhead energies
in about 15 known cases. A numerical evaluation of this model_by.

Davidson and Dav’idsonLL allows comparisons of P-band ‘E2 branching
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deviations.

" axial deformation, -y = O.

2. . uemnasTah

.ratiés, —fhe‘daté are scanty, but 1n'éeneral agreement. Thetmodel alsél :

.‘f allows calculation of the ratio of the ‘Coulomb, excitation B(E2)'s frmm»:f_;i?
"the ground state to the B—band 2+ level and to the‘ground-band 2+ .
level. Here'thé data are égaip scanty, but there are significant devia-iif% -

'tions from the theory; some of £he calculated B(E2)'s to the P-band /

"are as much as twice the expérimentalvvalueé. .We would like to offer

. a possible explanation for at least part of this discrepancy. When the

B-band lies above 1 MeV, 1it.does not remain pure but mixes with two-
quasiparticle states above the pairing gap. This spreads the collective'f

B(E2) over several states,'and reduces. its value to the f-band. How-

: ever; this essentially does not effect the branching ratios from the

" B-band, and doeé not greatly. reduce the magnitude of the ground-band

+

The agreement found between model and experiment suggests to -

" us that there probably is some validity to the idea of centrifugal

stretching of nuclei, and led us to consider whether improvements could . .

'. be made on the"thic assumptions of the model. There ére three main
. assumptions: 1) the potential energy of deformation is quadratic in
B, V=1/2¢C (fs-ao) ; 2) the rotational moment of inertia, § , is

-quadratic in B; 3) .there is no significant static (or dynamic) non-

¢

The first assumption is not too realistic, as the potential must - ;

turn down at the fission b&rfier. We believe it would be better to use -

a potential such as that from Swiatecki's mass formula.5’6 This leads

" to very similar (good) ground-band energy calculations for strongly

deformed nuclei, and imprcved'values for the less deformed nuclei.
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For the ground states of different nuclei, the moment of inertia

" does seem to be proportional to ﬁa. But we are interested in how %

changes in a particular nucleus with increasing spin. Pairing considera-
tions suggest that the Coriolis effect will reduce the pairing and heﬁce‘
increase the value of & faster than the ground-state proportionality
with 62. However, the goﬁd agreement observed between experiment and
the simple theory suggests that the increase in & »with B will not

be much steeper than is observed among the ground states of different

nuclei. This problem can be solved experimentally by measuring the

. quadrupole moments of excited states, and theoretically by a microscopic °

calculation in which the Coriolis effects are treated in a self-consistent
way allowing for a simultaneous change in deformation. Both bf these
approaches are in the process of being carried out at various laboratories.

Finally, the assumption that <y = O, the neglect of the -y-band

interactions, suggests that the whole picture may break down for those

nuclei where the y-vibrational band becomes low in energy and so does

mix with the ground-band, as, fér example, with nuclei approaching
spherical shape.

This is just the region of the new data. We have studied gamma -
ray and convérsion electron spectra fromlthe de—excifation cascades of
9 neutron-deficient isotopes of Os, Pt, énd Hg made by heavy-ioﬂ

irradiation. Figure 1 shows typical spectra, the conversion electron

188

- and gamma-ray spectra of Pt. There are significant differences from

the earlier study. The situation appears more complicated; the main

transitions seem to be E2's connécting the highest-spin members of

vibrational multiplets, but there are also other transitions of multipolarity ‘
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different from E2,‘e.g., the th-keV radiation 18 ML and the 582-keV
. one is El. In Table I, we list the main (collective) -E2 transitions
' ~which forim quasirotational bands in the nuclel’ studied. An obvious
difference from the previous study is that the spins obser&ed do not
reach as high values. Why not? We would like to offer the following
suggestion. In the Hé nuclei, the spin = 6 level comes at 1.5 -2,0
MeV, that is, at the pairing gat. But since two—quasiparticle statess
exist above the gap with spins as high as flO, theywcaniptbvidefelternate pathways
" by which an exeited:nucleus. .cari‘:de.;‘-exc:tte ‘tq: the "ground;ban'a;;.:eé...ievel rather than
by going. thiu the gidundxbahd I=10 and 8 ‘levels. If there are many such
branches, we cannot observe the individual trausitions; lwe onl& observe
. the unique path to ground furnished below the gap by the ground-bend
‘'levels. Among the spherical vibrational nuclei this means ue see levels
‘ only up to spin 6 or 8, but as one proceeds toward the deformed
»rotational nuclei, the collective transitions becomec. of lower'energy and
so the'ground-stete band is at a higher spin level at the gap. With the .
rotors previously studied, the two-quasiperticle stetes do not have high
.enough spins to compete with the de- excitation down the ground-state
rotational band, and only the four-quasiparticle states at 3-# MeV with
spins of 16-20 can begip to compete with the ground-band members at
this excitation energy; This may be the reason we see no spin higher
than 20 even though the compound nucleus formed in the heavy-ion reaction
L may have spins greater than this value, LT ; |
| Figure 2 shows a plot of the rotational constants, AI,' ve the

spin, I, for the nuclei studied. The position of the previous set of

’
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nine nuclei is represented by the two little circles., Six of the new

nuclei studied do cOnverge by spin 12 to the common curve of the

‘) earlier nuclei, even though they may be little deformed initially and -

have much higher-lying first excited states.~ That is, these nuclei are

very soft towards deformation and, under rotation, they stretch rapidly
out to the ehape of the initially more deformed, but more rigid, good

rotors. (This type of behavior is predicted at least qualitatively,

. by the use of the Swiateckl mass-formula potential ) But some nuclei

do not approach the ~ommon curve at high spin. For example, the heavier_
osmium isotopes do not.- They start with large rotational c0nstants at
low spin andAthese values do not decrease fast- enough with increase in
spin to come to the common curve. But it is known that in just these
nucleli the y—vibrational band drOps from greater than 1 MeV to ~{-
become the ‘second excited state in l920s at 489 keV. We believe
these two features ‘are related. Nuclel with low- lying y-vibrational

bands have a2 shallow region in the potential ehergy surface fqr Y f o,

rather than the minimum for <y =0 of the prolate- deformed nuclei., i,'é;'l‘hey‘ are
" soft towards nonaxial stretching, as well.as along the axis, and the

effects of nonaxial stretching under- rotation might be expected to lead

to a different behavior than that of the nuclei easily deformed along
the symmetry axis only, that is, the majority of the nuclei already

studied. From Fig. 2, it can be seen that a similar change in the. AI.
' 186 188 '

vs I curve'occurs between Pt and Pt, but more abruptly, and .

we tentatively suggest that the <y-band interaction becomes;imbortant

[

for Pt nuclei at this point. If the proper poteptial energy surface



' and moment of inertia can be determined, then one should be able to

”;calculate B(E2) ) as well as the ground-band energy levels and vibra- fa@

-180,, 182 . .184

”4f angular. distribution studies and from the El nature of the decay to the
c.f3‘along with those of two other 106-neutron isotones, 176Yb and

';'have been assigned as two-neutron and two—proton particle states, respectively.-

s

UCRL-16751»1_‘.' Lt

et ot e L e T .
. B . : (N g
- : 4
-y AR ;
L .
.

K .

Alu:tional bandheads for these more complicated cases also, but it is Just :

\

beginning to appear. possible to do this.7

It should be pointed out that the macroscopic phenomenological

S model exemplified by Davydov-Chaban, or a‘modifioation as described -
" above, is not in antaéonism with a detailed microscopic Calculation.4;?‘“ JER
f._Whatever there is of validity in the'phenomenological model must also dffrf“l‘*
‘Aappear'in the microscopic-calculation, if the latter is realistic? bu%.,t:f

) such calculations seem very complicated at present

- In three of, the twenty nuclei studied so far we have observed

millisecond isomers by looking between the Hilac beam bursts. These.are 153};*'

v -

W, Os, and Pt. The first two have been studied previously,8{9fb

. “but our data are more complete end with the datd on the new Alg&Pt isomer - -

allow a better understanding of the nature of these 1so¢ers; ! Figures

Y

3 and 4 show the conversion electron and the (Ge detector) gamme—ray

182m

spectra of, Os, and Figs. 5 and 6 show the~spectra of. l8umPt,

- A1l three isomers have a main decay sequence consisting of a

ST highly K-forbidden E1 followed by four E2 transitions. We have

;"established the spin and parity of the 1someric states to be 8- from'

- ground-band level. These main’ decay sequences are shown in Fig. T

78Hf' C '\

vﬁ This last nucleus has two 8- states at lh80 and .at 1148 keV which -‘

10 7.
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:Gallagher and Soloviev have found good agreement between these energies f.i

"and calculated values obtained by applying pairing correlations to a

-deformed t:ore.ll The neutron configuration'assignment {9/2+[62h], : f;ff S

. 7/2-[514]) is supported by the systematic occurnence of the 8b‘,level

. in the three nuclei'studied in this work as well as in.-l76Yb (Ref.-lQ).f
The characteristics of all these isomeric states are listed inv Table lI. ;,f
aIt can be seen that there is a mild relaxing in the hindrance factor on H

176Yb to the more spherical -’ 8205, as’ would

going from the,deformed
- be expected from the decreasing validity of the K-quantum number. Why "‘:w
' lShmPt should reverse this trend is not clear to us, but may‘indicafe |
the presence of other selection rules in spherical nuclei.-‘If is also

. \
noteworthy that the reduced transition probabilities of the: E1 decays

from the two-neutron states are lO3élOu larger than that'fromtthe two-_'."!;f ';

180

~. proton level in HE. .

As is clear from the spectra, the decay of ;BumPt is more
complex than those of the other two nuclei-studied. Although 182m Os
has a few.percent branching;decay through other than the main sequence,
this was too 1little for us to study. But has about half its.
:de excitation through- two side-branches. By energy sums and coincidence S
".experiments we have determined the partial scheme shown in Fig. 8.
Three or‘four additional transitions'seem_to define two more levels of

the right-hand band in Fig. 8, but are not included because of some

 uncertainty in their placement. 4There is no space here for the arguments,;

e ot

. but.we believe the -1229- and 839-keV - levels are the U+ and 2+ levels' ' - -

‘- . of the B-band,and that the T+ level st 1724 keV -is a member of the

P

L et s e

y-band. If so, the viﬁrational bandheads are quite low, anproaching'

..700 keV. It is of interest to mention that the simple Davydov-Chaban =
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.model with Y= 0 described earlier predicts these 'ﬁevibrational levels
at -the energies observed, if the reasonable assumption is made that they
. should be characterized by the same values of y, the nonadiabaticity *
parameter, as the ground-band levels of comparablevenergy. \The ground-
band energies themselves are not obtained in very good agreement with
the experimental values, and we beliéve this is due principally to the
inadequacy of the quadratic potential energy curve of deformation, and
" to neglect of the low-lying *ydband by thelassumption Y= ,' The
Swiatecki potential might help. the first problem, but a much more

sophisticated treatment involving the dynamic variation in -y must'be :

used to handle the second.
Finally, we would like to mention that we have been studying
the angular distribution of these cascade gamma rays with respect to

the beam direction.15

They are markedly anisotropic. ‘Dr. Barleet. has
calculated semiclassically the maximum anisotropy to be expected in the

rotational cascade from aligned (m;O) compound nuclei under certain
1(0)-1(90)“06
- 1(90%) ‘

We have observed values of 0.3 < e¢ < 0.6 for the various rotational

c,ondi‘l:imns.l)+ He gets anisotrOpy values of €

(and vibrational) transitions in seven nuclei.
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. Figure Captions | - {

Fig. 1. Conversion electron (upper) and (lithium-drifted Ge) gamma-ray

(lower) spectra of l88Pt taken in-beam. S
‘ EI B EI-Q

- Fig. 2. -Plot of the transition rotational constant, A =TT

(on a logarithmic scale) vs the spin I.

Fig. 3. Conversion electron spectrum of 182m0

8. The'long-lived
| background has been subtracted.

182111.o

Fig. 4. CGamma-ray spectrum of s taken with a,lithium—drifted Ge

detector. The long-lived backgrouhd has been subtracted.

Fig. 5. .Conversion electron spectrum of lShmPt. The long-lived'

background has been subtracted.

Fig. 6. Gamma-ray spectrum of l8umPt taken with a lithium-drifted'Ge
detector. The long-lived Background is not subtracted, but is shown

as a thin solid curve.

Fig. 7. Basic decay schemes of the five 106-neutron isomers.

Fig. 8. Decay scheme of‘vlehmPt.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-

mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, 'person acting on behalf of the
Commission"” includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.








