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" even-even nuclei in the platinum -

| 178,180,182
) vanas 1n 178160,2820 182,18, Leo,.xae

evels suggest ' that the light platinum nuclei are

axially-symmetric rotors, rather different from the well-known V-unstable .-

ial heavy osmium nuclei. The cnerg\-level systématics of-this region are

are basically similar, with-tne wel“-Anowr 88- 90 neutron dlsconulnulty reasonuoxy

wn
G

-

icated petween neutron deficient osmium and platinum nuclei .(proton number

formed under the'auspices of the Uv S. Atomlc Energy Comm1ss1on.

Tadd ress, ebrew UaneTSltj, uerusalem, Israel. B >_#f’ fii'”

heavy-ion reactions. Information on the ground

compered with those of the samarium reg 10?, and 1t is concluded that the two regions
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1., Introduction:
The present work represents a cortinuation of studies of the gamma-ray

cascade de-exciting the final nucleus »roduced inheavy-ion nuclear reactions} .
N :

stulied where the’ final naclel (o; Yo, Hf,

ble. equilibriuwm deformations and cdnsequéntly wellfdefined ro-
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tational spﬂc*ra;_ The aim of the pres~nu work was to extend the region of study -
upward in atomic *mmow (to-Os, %, and, }g), and thus come intowa'region where_the‘

~ vroduct nuclei do hOu nuve suao;e ecull brium dé formatlons in th81* ground states.:

. e e “20L . . - . o
‘Recently Lark and Morlnaga ).nave looked at ganma rays (u51ng NaIyaatectors)

3,k

from nuclei of ¥ Os;, ‘and Pt. followin g (¢, /n/ reactloﬁ ana Sakal an 6 co-trorkers
‘have studied éonversion electrons from Os, Pt, and Hg nuclel folLow1ng (p,xn) reac- .~
'/' . Ecd i N . ] . .

tions. The present. work using heévy ions as projectiles‘differs from theSe studies

\

.. First, the use of heavy ions resulzs in tne produCtlon of more

e

. . :
T . - L, s

tent product nuclei than are o alnea with prouons or alp“a parthles.tc"

‘1

Thus our heavisst Os and Pt nuclei ccrrespond to the lightest-ones‘studied by Larx

Co _ yo
~and Morinaga, and we have not studied any of he same nucle1 as Sakail et al. . The

second difference is that the heavy ion should bring much more angular'momentum:'ﬂ*'

~into the system, permitiing, in general,;the'population of-higher-spin states. :

‘This was found to be: the case in the Y‘o‘c,cxclom%_ nuclel studled prev1oasly,_buﬁ/*s |
not .so obvious among th (lOW~lJln neav;lj populated) ;evels observed in his »
S i ‘ . ' ' - T ' k AN 2 C
study, harulc“l *ly in the spnerlcal nucle

£ GiTE erence in tecnnloue betveen tn;s and our prev1ous stuay is that we: '

now have available.reaSCnably large Ge\Li-drifted) dc ectors, so'that for all the .-

-~ nuclei reported, both .electron and high-resolution gamma-ray spectra were: taken.

Mede Yoa g -
L0458 &5 Dermiv

oot

ed.us to assign multipolarities to the observed transitions, and -

Snus $O estadlish ‘partial ‘leve hemes with sider greater.certainty.
wrus TO estaolish our partial level sch th considerably ‘greater.certaint
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16 169 175 181 :
Seif-sup“ortlng mCudllLC ;omls of 5Ho, )Tm 7 Lu,_and } Ta, l 5 mo/cm

thiek,vb:ovided the'ta

I g
{' R ll N l}‘i'-,, 9 . . . ' s S [ e .
‘Leums of 3, N, or F accelcraueo oy che lawrence Radla ion Laboratory AlLaCﬂ

~Phe beam cnergies were measured using & sclid-state counter and are exoect o to be‘

accurate o avbout d%.- The Hilac is a pulsed “achroe, producing 3 msec beam bursts 

15 times per second (subseguent modifications have made nuch lar ser quuy cycreo
-,”"&1*&Llc) - The p esenuly reporied detz.on the prompt de—exeitation'of‘the final ~

fc

AT e
nuacLes

("~

re, .of-course, teken during the 3 msec beam burst.~”HoWever the targets

were also observed in the interval between beam oalses, and two metas ble_state

oo

A

N

o

tLus-obeerved during the ccurse of this work have<been reported elsewhere ). For
. - , , :

@

K . |

. each product nucleus studied, electron spect were teken atb three or rou “projec-.

h

tile "energies 5-10 MeV apart (centered around the expected optimum"energy). This

limited excitation function enabled us to grOup/the conversion lines .by nuclide, .

isc established the ogtimum bombarding energy for that“partieular product

©
o)
O,
jo]

nucleus. o R ; ' Co . :
_ : : o Lo

cd from the'orevious studies. WOxen*“L‘resolutions of ~0.6% were usually

- . 5 ) - S = 2 . - ' . . y ) - o
employed. - The Ge aeuector (6 cm in area by 0.8 cm deep)vwas usualry placed abdut.

.2=3 cm Trom the target, and sorie absorber was nerally usea uO reduce the xz/ey
counting rate. ‘Tnevfull width of the ™ YCs 662 er pedk at. hulf-mex1mum h8¢gh5

-

wes about S-Ferf Doth the electron and ﬂamma-ray snectra gave energles accuraue; 5

“to about =0. Jm; and t‘ agreement_between the two.methods Was,normally'quite good,;

ets sed in thlu WOTK; and w rere oombarded oy 10 3 uA”‘

The operation of the single—gap wedge-type electron spectrometer was un-"

«
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*w*aulve intensities will- not be Quite correct; andl the conversion.
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ted following heavy-ion reac-
: ; cac

) P
e radiavi

'

and g& ma-ray spectra ‘of a glven

Howaver, eien - uhough uhC angular e ects‘

ansitions are normallyifound'to be -

by normelizing the electro and gamma-ray
E2), the error in the other‘conVersioh:COEff

b

er for’otherftransitidns

icients

10%. Tne uncerua¢nuj n - be great

2 tranSLtlons woqld also normally be. affeCuea oy lese tuan lup,l

vor Ml-Ez- mixtures

) by as much as’ 25%, and Ll urans1

or of two dlfferenu from the correct -

i

anvarent ccheTsion coef11c¢enus almost
. , - - ‘ ) o, . R : ) e
velue. Thus errors in assignment’ are not likely, Dhu could pOSSlOlJ occur with nl
transiticns. ( I
"l' L - ‘-'»\“v . '? .

) N ‘3', Resulis ‘
R . 178 188,

and

The electron and gamma-ray spectra of Os, | Pt, Rg are shown
in figs. 1, 2, and 3, as more or .less yp ical of the group. In ge eral "e AOuud
nere, as in tne previous work,-that the cleanest spectra are assoc;auea w1th tﬁ65e
N ) . .~ . ) .‘ - .
reactions in wn*ch the ¢cwest nbutrons are, cml'“ed The assignment,qf the lines
to e given'element could e imﬁediately_proposed‘according to.the simple rule that
! ohl tances Tfrom

charged pariicl

- e o~ e R -
w0 SCrong Lines
line separation

es are not emitted (at these'excitation energiéS'and dis

' i.{ sufficieA

n could. be me°surea suf¢1c1ent y accurately‘to bonfirm'this.

'

{t intensity-§o tha£ helr prodact nuclel can gqu

ror most of tne low energy brans1t¢ons the K- to L~convers1on

B
- !

“The

"however. i

ons could haye,



‘benave very regularly in the

S expected Uo be

this and tae prev1ous wor“, using
best peax to background.ratio) bom-
i . ‘ SN
ollowing values: -(77B,L4n), 55.MeV;

oy two or even

In many. cases Cross checks.
three reactions.

two lowest cascade transiﬁions-

T the
could Te measured with sufficient accuracy to identify it unambiguousl y as E2. B
Tnis uransition then served as the bvasis Tor normelizing the gamma-ray and elecuron

only reservat*o;-here has to

o : 1y mentioned. }
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Almost all the intense lower-energy transit

o,

ir energy spacings, an

o

<
aermonic, : co '
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linit, ‘would

N

have been ovr
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In thHis work we

I . y . C e TIPS

summarized in table 1.

-

of tra transition to the (quasi) rotational sequence.
table 1 relative intensities of the transitions

accurate to about ZOp.' .

Although spin determinations are in general

BN

tipolarities for all the transitions seen in both spectr

\

ions were Tound to be E2, to .-

. ¢ o . i e
The cla851flcatlon; A or B,_fOLLow1ng

of 95 or 75%,,resnect*vely,'in

1 - Py

S

/
do Wit n tne angul .ef

H:»
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ct
120

to ec*edoe monotorni Lcally

increasing energy.

- {vut scmetimes not very regularly) in inténsity with In the
céfermed nuclei these transitions unaoubt dly comprise the grouna—suate rotational
band, and in the nondeformed nuclei, they define a ”quasirotatidnal”‘band, which,~A

become Jjust the ngnesb spin memoer o; each vibra--

’

-

arlly LntereSuea *n these trans1—_ -

-

‘the assigiment
We have also listed in . v

in each nucleus. These are

absent, they were made in two

182

cases up through the 8+ state. These cases were the 106 neutron nuclei, Cs,
ca “Ons’ e K1y + : ot gd i R R
and Pt, where weakly-populated 8- isomers exist with half-lives around one

R




"+ complete; only a few of ‘the most intense transitions whose mass a531gnmenbs are

“strong B2 transitions observed in tue,prompt in—beam spectra of these nuclei.

v . e : o : oo
. "naz:olguous nave oeen lnCl’dQe_u‘g_ . . . L . .
One case requires special comment. K In. G

. vx’ )

| e . "4..‘-"UCRL-'17'O6'7
.millisecohd.ﬂ These- iscmers discussed in,deta 1 elsewhere’), de-excite predom- - ‘{§
inuntly'tééthe 8% member of the‘groﬁnd-;ﬁaﬁe.r iatioﬁal bahd,Aand;thén on Qowﬁ' :J f
the ground-state vand. Angular dlstr.b5t10nbmeasurements espéblisﬁéd'réaéonébljl i :';
. : - - e o
unambiguously the spif sequence in tHe isomers, end the gfqund—state,rotatioﬁal ..'}
,E§nd‘*ranSitiqns u?uo ¥§enul*1ed in ﬁhe.;uor é coiﬁcidéd ﬁith the first‘fouf ‘f?i_‘ j. ¥

-

; . . \ ‘ NP
Thus, in-at least unese two cases, the o/nectea °pl sequence can be considered.

cstablished up through the &+ state. . . s

. . N ‘ N B K g . ) . -
In the group of qac‘e¢ repo*t ed here, the occurreénce of prominent nonro- -

N

¢ transitions was much‘more Trequent than in the previously-studied ™

. . . . N . . vX
roup of Yo, HT, ard W. “uCTei; Some of these transitions have'been_summarized'in‘Y
< . N L . N . . . S " l"~

i

teole 2, -together with their intens tie s;and prooabLe ma Dolarlules.v‘ihesé=

(Y

will be in error if the angular distrloution of,the Tamma ra s differs
; =3 . - & - -

S
1
]
a
.

**an51u¢ons, and, as mentlonea earl;er, it is possiole’

Il

A R AT . e e o R otk 12 et . S8 e e e e o

e

1 be misassigned- (as EZ) 'This 1ist is by 10 means
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Pt it is difficul

RN ':" oo o oo } ) s L . R
x the &97-keV transition belongs in the rotational.cascade (12 — 10) or/hos.

N

It has been.inciuded there because: 1).it is E2, and of sufficient intensify %o ,
make placement elsewhere difficult, and 2) the angular distridbution of the line S
was That expected forvg'rotationa* transition (as were those of the other assigned . i
8L ' s TR S o

o4 rotational 11res) However, it glVes somewnat unusual rotational  spacings

g - R R . T 4 g

,for T PT, and appears weaker, thougn witihin experlmental error, thap the 521 keV ;-
. <*~".;‘ ; L.l' * .>' - ) 18QD* : . . _:’ : B :
‘line. This a331gnmenb and the higher ones. in P, are glven B ther than A

clezesificetions in table dae to this uncertainty.
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Discussion

J:..l ‘?  h _.  | R o

POPULATION Or LEVELS B ' . R

' . Lt ‘

Cne of the rcasonadly clear results of thi
not 1dentify states of so high a spin in these transi on- and vibrat
nuclel 23 in the previous study of rotational nuclei. This is most a

found.

© the mereury isotopes, where spins no higher than six ‘could oe
L 190, .. e e
the case.of . Hg, the spectra are reasonably good, and it is clear |
. ."‘ ’ ‘3 " v "
. .the nigher transitions are nou Simply obscured. Since we. are able o
only if it is-populated heavily (at least 10-20% of the time),
resaiv cays only that whereas the high-spin (1L-20) rotational states
; This much population in re gions of vel*—aeformed'nﬁclei,'no single hi
receives this much populatic niln the v*o jonal nuc;e-.
A o i ,
. It seems likely to us that this change is due to the
» ' N - T o . . .
v different level structure of the vibrational nuclei rather than to an

i the reaction mechanism. One obvious explanation for not observing
. nigher-su»in states would be that the appropriate collective states.simply do not .
i , PP . S ,
T e o ept AL et o . ... 190, i st e 5 =
exist. 1t is clear that the o+ vivrational state in "Hg (estimated to be at 2.5
MeV) is well above the ene*ry gap and hence lies in a region where the: e
: .'!. - - - - da Pl -~ g e -’. . d i ‘I :.. '. ) 8 ) ol : /‘:
;o iikely to be two-guasipar tlcle states having spins as high as G or 10. Under stch

© " conditions tihe colléctive character may be spread over a number-of

.

rather dramatically:

UCRL-

ional-region

A’~ least 1ug

Tig. 3) that: -
identifly a--
the above

do receive .

.
e
wkd

gh-sp

y suddén

second.
Lcause bnej

Thus in,

1 of whkich receives enough population to.be coserved. . A second related emola
! - . e L e
¢ might be that although these collective states exist the fact that‘they lie at
[ . s : . ) “ : R . : '
: A T e T S ' L
: “i- energiles. as high as or higher than two quasiparticle states of the sa
P o a B
: them no longer the uniguely favored pathway to the ground state. 'Thls
b oexplanation would imply t nau the COllLCbLVe_ ovels are - Lavorea onlj be
N . . \ . )
. lie e lower rgles than uhe quasipart 1cl states of the same spin;‘
% - ; - .

17667 .

vhis study is. thau we cou;d reﬂeraliy

pparentfin o

state.

rme spin makes

LR e et e A T SN

T —— e —— 1w
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| the Geformed Pezion where the 8+ rotatioral state (at ~1 MeV) lies well below the '
: nd, in fact, here the two quasiparticle states,
" lie well above theé rotational states of the same ‘
, band populaiion is not cut o;f at the gap energy s , :
’ : e . o S ‘ './{/ e :
{(~1.5 MeV).. Our'knowledge of bne 10"'-'and higher-quasiparulcle statesAis.nOt . C
. . . A : ' T A T
goot cnough to decide 1* tnls kind of argument can-explain the onset ol heavy . . ...}
pogulation in the rotational band at sbout spin 16 or 18, but it seems possidle.
T There.may De other important factors, however, which are noticonsidered '
in the apove discussion. TFor instance, X, the progectlon.oz the spin along the - T
R : - : , P f
rnuclear symmetry axils, probably becomes & &OOu quanuum number near une end of o "
’ . . 2 N i . ’ toa
. ' . . , . [ ; . - . f
the then have an appre c¢ao;e effect on the dlStrlouClOu of !
i oy, . . . Lo . ' H
. . population. 'Cr’the’detailed nature'of the states iniuially populated in the final - '
- nucleus (or possi be in the’ compouna nu cleuS) might play important réles. "Thus we
v .- AR
'ej- nave o coneclude that we Go not yet h ve, enougn 1mormauloﬁ o eSuabl;sn even uhe'
) ‘ .v 2T ' . ’ . . DR . ‘

\
\

. most.imsortant causes of the observed-populations.‘ t'is'clear.that'morefdirect“‘

he kind of levels feeding~the'ground band.

ct

Lexperimental in forraclon is needed on

L 182 : . '
The case of Os seems to be‘ uwlri c1ently anasual to warranu special

mention. Here the lO+ member of the ground bana receives heavy popalauloq (ka-;f””
of the 2+ 1 vcl), whereas.the 12+ member, ;f it lies at all near tne expe

enersy ~s no- more uhan one fenth so heavily populatea.- This, in itself;

 not be so unuéual,if,there were some unique pathway by}which‘the 10+ level-is

L

fed. However, neither a single nor even a few transitions of sufficient inten- .=

sity tcvfeed tha l§#yie§elvcén:be‘found.v?it'thus”seéms that thétéﬁideﬁce éug;‘ : ¢
. - ) L :
Q.numberﬁoi Uatuya/s«;eealng the lO+ evbl out essenulaLIy noneé feeding 5
. =';2+.level.' it is- Ou easy to unders: cand wny uh;s should: °°;“hé;?aS¢{ ,An?l K
vbut”ségmin 1y unrelated compliCation is a weskly 8— stméfic g%;té)A ;
i Aaﬁe energy as uhe lO+ rota;lonal level , i | !
. ' ’. - . 1 ‘ x A ;:

A .-
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| A S
2 i+, 2, EN { Y-LEVEL SY EMAT CS C
! Ty FE 1
B : . 1 s o R U AR e
o : © In previous works ) the rotationzl levels of a,numoer of:well-deformea» j ‘
nuclel in the rare-ecarth region have been studied as populated followLng ncaVJ-,"
ion nuclesr reaciions. . Rotational levels as high as 5p1n lo or 18 wer re iden--“f{l. S
; .\ o ’ ! 1 ' v . , ] K ' B . ‘
‘adings.of these'levels‘were,best ' '
0 accounted For in terms of - centrlaugaa s‘“cvc“lnv ofvthevrotatinv huclei.f In .. .. " Zi
particular the experimental resulis were compared with the ca lcula ons of cen- Q={
. X . L .b__ ) . ‘,:'_v-".‘v'x"l"
. y . . 3o

n ) . ) LT Oy, "..'v
Tugel stretehing made by Davydov and Cnaoan ). Subsecuenu'carexul comparison

of the properties of the beta v1braulonal (OT) band with

thicse calilculated usihg'this model has snowmn that whereas-theuenergy of the band*v

D and its relative B2 trans 1tLon probaoll"bles to0 the ground band are reasonaolj e
cwell ziven, the absolute g2 tr tion‘probabilitiesyto the ground band are cal-:}e v

; 'ew"auea-uo ve as ﬁacn as an oraer of magn&tude too. thh 'There.canube reasons . .-

why These E2 rates would oe lowerea mixing of the oeta band- Wluh nea by dands), - b
" 2 . t!
but th—-large"d screoancy ooserved may ;ﬁd&Cate a behaVlO¢ more comochate uhan e

. centrifugal streucnlng. .It’shouldpﬁow,be possible'to measure'direc y the quad-f

thalb aon nts of the higher rotational statestHICoulomb'excitation‘studiesp

nc :has provide an unamblvaous answer EO this quesblon.

. ©
5

"The preéent data wxl; not be coaoarea ouanultatlvely w*th the Davydoyﬂ”*

1 'Chaba:.theory.becaﬁse ‘l)_the‘use there{of simple parabolic potentials must/ e

0 . ' . o : S

70 fail, we feel, as the vibrational region is apo*oachea, ana 2) mt‘is clea_.‘l‘"p“; R
o that in the Os3-Pt r lon a large dynamlc varLatlon of the y- coora;naue is very.

,

S o “ ' . ST
"important-and 1s not ureated adeouabely by Davydov and Chaoan. A'previous sug—' oLl

uSﬂng potentlals ;rom Lne Sw¢auech Myers mass formuaa considers R




spin states, a- uanuum-mvchanlcal ureaumexb becomes necessary as the vibrational . -
! region iz approached. Td get mcanzrtful'results here it seems one must .go to
i X - : - . : e B S S
' the mewnod (ama” and Baranger /, waG. s0lve numerically the full Bohr Hamils
1. ' , ,;‘. ; | . .' . . i , ) .- T \ ‘. 'h,’ ) ,
: torlun fer any potential (and also any values for the six inertial functions).
[ v . . o , IRt
; The present data will, therefore, be discussed .qualitatively rather ‘than. cor-
ol vared cuantitaiin GLJ wWitn theoretical calculations..
| b we'have plo**ed the rotational“constant; Ap = (E I E )/ LI-
. PP ‘-‘ i y 1 l
oin, I, of the upper rotational level. As in previous a aljseg ),
A, is delined from the transition energy rather than the_rotational'staue en ergy
‘L few nuclel besides those of the present study have been included for congaria‘-e
. . 'f. ) Y . .'- ¢:v - . | ) . ) N . .
toson ia fig. b The ;“ev1ously studied group.of nine rotational nuclei has, for
i the sake of clarity, not,been}included in fig. h however, perhaps the most

- striking feature exhlibited by those nuclel on.a plotfsuchgas this is the‘tende cy

of the iines to converge (i.e., the rotational sp c;ngs to become s;mllar) at .

the higher spins. The open circles in fig. kb represenbaverage_'AT values arol

" which these nine rotational nuclei-cluster. It seems clear that Six of the

1£l, preSCﬁtiy—stufied ndClei alsb-bonvérge reésonably'ﬁeli,‘andvfdkve y uearly uhe:hr

sane (brogi)'line.a§ the previogs sét of nuclei. It is obv1ously the more, //

; 1 ngdléi\thqtldo not chVergé.ﬁo'ﬁhisbline.’ R
H‘ 17 we examiné'partiddlarly the gsmium nﬁéiéi, ﬁﬁen‘it is”apﬁ'rent ;rom:;ﬂ?
tae failuéé;;b coﬁferge to.ﬁhe common llne occurs. (pfODablj

cwéen lB?Os;ahd 19QOS; Iu<lS well- known15 l+) thgt in;jusﬁ thesa
'che Fa ma-v1ovatlonal band drops very rapidly”tofbecome.the séconai}

: in 9 Os at h89 xeV. The;questi5nlafisés-aé.ta whethérithié mayl

", oe connecied with:the fa ﬁlure to "converge" iz iz M;nand such a connection
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;0 Pt-0Oz region for reason 2). above, and in addition because, at leas for the low-
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~Tatively from zlg..h.l In a previous publication ) it was shown that there appear

‘t0 e =2 close reiati o;enlp in many rouatL0ﬂ 1 nuclei between the ratio of the L '
energy oOF the 4+ state to that of the 2-I .state uu+/EQ+) and the enercy of the-
lowest O+ state~(beta¢vibratlonar oand neaa).' In Iact; tne reratlonenlp is - »ﬂ"- et

(paravolic in T"‘) notenulal energj curve. Tnat‘ms, tne more nearly El+/E
. . ' B . . N ) - . " \ i
approaches . the perfect rotor value of - 5 55, the less change 1s melrea 1n >}

-10- L TUCRL-LT06T e

éeﬂms'p;ausible. It is reasonably clear that ail of the,previouélyﬁstudiedf
grous of nuclel have stable prolate deformations. Thus ‘the convergence de- P
scribed above iz a process (perhaps. centrifugal stretching) which occurs as .
< ¢ prolave nuclel rotate.  Trom the dehavior of the vy VLbratlonal band, o o '”:y
rnowever, the heavier Qs nucleil very likely lose this preference for a prolate L {

s neutrons are added, until the neaviest Os nuclei beccme ~y-unstable oxr - '
- - :\ir.':.‘: 2 15) ' £ ) ) | -. o - ' : "l ot
g wesellly  tri-axial. Rotﬂ of 7 *nSt»ole nucleus.wou;d nardly De : L :
- i . . ... e en a : Lol R ;
exvected To produce, at.least initislly, the same Alnd of ef;eCus as rotation '~

. : - . L . : . - i

of a prolate nucleus;'_Thus we might tentatively suggest that'e failure to coh‘ q

.

o . : P Bt A -
varge o tne Cf%moi line in .fig. b may e auSOC”ade with thc loss of staorlx R

cf tne prolate shape. it eo,ithis hep;ens gradually‘in osmium between -~ 0Os X ;
end 7 0s (already suépected from the behavior of the gamma-vibrational band), = -, ¢
: ! . ' : - . '

. i . i

e iy 2865, g 1885, ‘ |
but rather sudde n;y in Dlatlnum between - and Pt. i
!

There'islanother nuelear property which one may be able to assess quali-. -

2 A T '

iveu,apwrbx1rately correctly oy tne Davyaov Chqoan calculatlon ), and here /S

.

.-

rnereasing’ snln, and ‘the s eeper (or narrower/ He potentl al energy curve‘_f‘
must Le. Clearly, the'vibrational energ in tnls Dotentlal (beua-vr ratiop)

&1s0 incredses as tne potentlal b oues,steeper. Tne slope of he ;Lrst part ;. -

e in ig. M is olmblj rerated £0 the ratio EL+/E2+’ and eveﬁ for

o g e i
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thése nucleil it may:still represent some measure of the width of

L . i

energy curve; or, in different la“gu ge, of. o sof the nucleus

in deformation; a hourh o“obao;y ne' quantitative relationship between these -,
cuantities derived by Davydov and Cnaban would be poorer here: than in.the rota-.

1

ional nuclel. A look at Tig. b then shows that all th

(¢

initielly very soft toward»in reasing deformation—about as soft,
any of the mercury nuclel. One taus wonders if any of  the platinum nuclei have'

cstable equilibrium deformations in their ground states; that‘is,

,

o
v

Py

P . .

! i
(ilarger) stable prolate deformations. - The osmium nuclei studied here have .much
flatter initial slopes than.the platinum nuclei, and thus are presumadly much

stiffer toward changes in deformation. )

. ‘ o -:._,'\'~‘.‘1 . ; . RN . L ) .
the E';/Eoé'ratio. Thusvthe relatlonshlp,between Eh*/EE* and the 'lowest O

state seems still to ve nolumng up rat he“'mell there.‘,Secondly;‘

n
ch

[6)

R
t
Q
0

e

-Geformed shape. However, fig. & WOULd guggest_that

vadru upo le moment recent lj ooserved ) Tor the lowest 2+ levé; in

’vibrational” nucléi"are pulled out o defofmed shapes under %
f . . o | e r'
i

momcn m-carrying collective m0u10h. 'It‘willAbe‘o;

the potential

is .voward changes

platinum:nuclel are

sufficiently

sotentials te confine the nlicleus with its- zero- p01nt v1brat10nal en ”gYi;;

otentials preferring prolate saapes, and'are rather quickly.

to be similar to the nuclei which started with . 7

. Two comments can be made relevant to the previous paragraph. First,

‘- levels of a band which is very likely the beta-vibrational band have been  +- -

,

”Pt'followingvthe_decay of an isomeric state. The energy of this

zand 1is rather close to that given by the Davydov-Chaban calculation based o -

.L

éhé:large

olie

'(vibrational)ucadmium‘ ucleL is con81svent w1un Lhe 1mpllcat10n nere that -

\‘

sad 1E '”Cuu ;a‘ ge sza*"c rmoments are chara scteristic of the varau onal” nucl

v, reneral.At_f' L e,

in-fact, as
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nuclei.

in the platinum regionvand‘protoné."‘if

" Thus neutron numbers increase to. the

peron numbers decrease to

E,_/E2+, for a number of auclei at

In each DlOu the abcissa -

Y

he plots are arranged so that the nearest closed shell :
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In doth olo~s, lires connect the points constant in the more

In both D*Ous co'la boﬁnuU cox reSOOud 0 beua ‘stable nucl

the main 3

90 neutron.

nwaber:

not ‘always been clearly recognized in the platLaum

he loca ion ©

‘difference

case; however,
fige 9O oetw

" '0)
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between the tw

regions. -

_it appear

'no large discontinuity in the fom

nat arbitrary,
rith une uLgnLSu 90- aeutron p01nt
to be made from these plots is that they areff

etween’ 88- and 90 peubrons has long oeen recognlzed

T beta-stability (the readily studied nuclei) than

116-neutron nuclei in the platinum region with samarium isotopes:

ct

s -in
Thus,

it is ftrue:vthat

ier case, but a sharp one

‘protons in the platinum region and neutrons inﬂthe

DUu was ch osen uO

’

Y

i

|

: e e DU S A
110-neutron nucleil show at least as large ‘a dif-

2 Ssmium and platinum as do the samarium}nucléi'

i
EhLS are
find:

~irstiexcited s cate, we

t00 far from oeba stabili

116, 266, 157,}and 111 keV for

\

”“hermo e the DlOu sug ests uhau Lne oo 90

11 ve 1arge;y washed out in cerium or' varium

‘1
1

‘is in 11k- and ll6—neutr0n'nucléij"however, the

'ty_td.bé:studiédﬁ' In

the right in the-
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tle b L not verj

and 50 2, 5j7, 122 and 82 neV for’

eus plaveible

-9C neutrons. It se
o -;
N ; L
these neutron defic nt nuclel in
reas 110-neutron nuclei nave
cess nuclei, waere the neutron

he situation could

. nuwber 1s much nearer
i . e b
to be &ifferent. It is not our.intention to argue for identical behavior in
: theze two regions—there is no reason to supposer that the properties observed .
will rot be affected by differences in such things as 1) the relative distances
T wroton and neutron snells and 2) the particular orbitals\invplved'in each

. ] . ) Y e

In fact, one can ea31l\ see'differenceo such as the rauhe ;sharp'risev

in the &, /E21 ratio with decrea51ﬂg proton number aLong tne 88 neuuron line.
Gt 2 .
. g : o ) L.
No such rise s OOberVeQ in the platinum isotopes,'andAonly a=slo" rise in the’
mercury Lsotopes. Our pgint here is rather that unere is very Droba y 0o greatf, -

N

oetween t

.

ese two regions when(a suf;lclently que ranTe of nuclei

in each region.-

arize our conclusions aboui the -osmium-platinum region oy

- : B . e

In the light tungsten and osmium nuclei7(upper-left

rolate deformations. Moving to the right, the main ‘change
<3 2 /

we Tiad stable' p
t thé loss of SEébility of the prolate sﬁape‘(heayy dsmiums);'whéregs the'eqéil—_ ‘
’ ;vl ibrium deformation, taough becoming smalley is provably stable fo al'vfhcse }
% udlei.  The veoulu, germa ~unstable (or DOéSiO*Y tri-axial) nuelel, nas oeen

) 13 . ‘ .
nmoviously suggested ), and is reco ed by the low second 2+ state. We add .
’ nere only that the failure to, converge to the "eommon” line;in fig. 4 may also. -
ziznal this change. The heavy mercury and platinum nueleil (lower—right) are
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the typical "vibrators', having no stable deformation (at least in their ground

. ) . sy . Lo .
ppie e\ - B o } e . . e e e

zvates ) anG no preference for a prolate shape. Moving to the left,;we Tind the |

light platinum isotopes (N < 108) very likely do prefer the- prolaue snane, out

may well 0ot nave stable deformations in their ground -states H/E rems, ins low).
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_osmium or tungsten nuclei, but the central
“small that in the ground state the zero- -

stated in terms of .the potential we would

deformed region the barrier in: the gamma.

action is a function of both proton and neutron number (thellatter being more.

(cortrolled by the central obump.in the poten-.

‘tial) is maialy a function proton number; and, in fact,. nanges Q*auftical“
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‘between osmi urm anc platinum over most of the region for which there is informa-:
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Figure Caprions
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Fig. L. Conversion electron (&) and gamma ray (b) spectra of f7 Os observed

yon)” 705 reaction at 93 MeV vomvarding edergy.

Fig., 2. Con&ersion electron (&) and gamma ray (v) specira of Pt chserved
., following the 181Ta(llB,Hn)186Pt reaction at 56 MeV.bombarding egefgy;
Fig. 3. Conversion electron (a) and gamma ray (b) spectrd of 190Hg observed.
follgyinglth@ lglmg(lhﬂ,5n)ljoﬁg reac*iop at 93 MeV bombqr“ing‘ener7y. .
Flé.'L; Rotational éonstants, A defiﬁedrfrom ﬁhe{trahsition enérgies, plotted

i '
ainst the spin of the upper level, I. The solid lines are for osmium

nuclel, the dashed lines for platinum nuclei, and the dotted lines for mer-: -~
cuory nuclel. The open circles-are the average Al values from the previously-

} . S L .' = : : -
studied rotational nuclei, ~ . = o T

5. ‘The ratio of the energy of the lowest L+ state to.that of the lowest 2+ -

state is plotted (a) against proton number in the samarium region with lines

connecting nuclei of constant neutron number, and (b) against neutron numder -

1

irn tne platinum region with lines connecting nuclei of constant proton-number.

points represent B-stable nuclei.




. Table 1. -

Cround-state (aunsi-) rotations)

J/\OS_, JBOOSA. 16?03

Transition
(re). inten.)

s L0 131.6 A 132.2 A 126.9 A 15578 1621 A7 1911 A 265.9 A M12.6 4 MG A
o (w0) - - (100) . (100)  (b) (2.00) (100) - (100) (100) - (100)

4 22661 A 2763 A o733 A 262.5A 2727 A 293.5 A h05.h A 489.9 A G251 A
(e T (88) . (%) - @87 - (98) (84) - (84) - (108)

6k E3AA B66A 3957 3552 362.9A BT.2A 513,

8 -6  ,' k32.9 A vhéé,e A 1830 A'i'hﬁi.o A U316 A héu,j“A S97.7 B
(e ey (e o (58) (51) . (e1)

10 598¥'4:>£88.6 A 5102 A 532.7A i"ugév”'B V5.8 A 5146 A 65h.0 B
. .(hB) o (b2) (bk) R 53) . (43) (18)

1210 5%.8B sk.0oA 0 sk3 B 496.6B 551 B -
: CTEsy. TGl ST

k12 os66hB - .l osoisw e s

N

LT

- -®Ehergies ‘are expected to be accurate to *0.25% and intensities to ~20%. - -

. This spectrum was not sufficiently clean.to give intensities accurate to 20%.
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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.








