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GHOUiw-STATE (QUASI-) ROTATIONAL Lt:;VELS IN LIGHT Os, Pt,. AND Hg .NuCLEI 
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sor;le ;'"ec;.troil-ciefici·2r.t even-even nuclei in· the platinU,"r, 

~ave ~2e~ s~udied :folloviir,g hes.vy- ion reactions. Information on the ground 

sta~e rot~~ional 
. . . . - . l '78 180 .182 . 182 184 186 188 ' 

(or C···as·ro"-~--o"'"',) b"'"a.s ,,., ' ' ' 0"' ' 7 ' p•- ·· iu. J.. VG!.V..L. !J.C4...1.. \..4oir.J. -J.• . UJ . . ' . v, 

presented. The levels sugg.:::si'that the light platin1.JJ':'l nuclei arc:: 

very sof·~ <i:.xially-symmetric rotors, rather different from the well-knovm "'/-unstable 

o:c t,:ri-a:dal h~avy osmi).li'l!. nuclei. The energy-level systematics of this region are 

. comp&.:ced. l·.'i th those of the s&.marium. region,. &.nd it. is concluded that the two regions 

are basically similar, \•lith. the well-l\.novrn 88-90 neutron discontinuity reasor,ably 

1·rell ·duplicated. bet1veen neutron deficient osmium and platinum nuclei . (proton nw":iber 

. \ 

,,;: .. · 

., 
·.i. .. 

... '·. . ... 
.;.\Jor:r: ~'erforrr,ed under the auspices of the U. s. Atomic Energy Cornini.ssion: 

++?:tesent ad.dress, Hebrew University, Jerusalem, Israel. 
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1._ Introduction· 

Tbe· p:::-esent \•ro:::-k represents a cor:.'cinuc.tion of studies of. the garnma-ray 

cas c:ad.e d.e- exciting the final nucleus p:tc·d.uc c< in· ·heavy-:-.ion nuclear reactions· . 

. ~. . . ·. 1 . ' . . ' .·. ' . 
. u: a p:revJ.o·,l:z •,·.··:.·c.'.. ) , react;.ons Here s·.:uc.leQ ':mere ~he final nuclei (of Yb, Hf, 

. U.!fd •:;) all had. stable. equilib:::-ium deformations and consequently vTell..:defineci ro-

ta.:~ional 
i 

spectra. The aim of the pres,2nt vror}: 'l·ras to extend. the· regior. of study 

ato::r;ic m.imber (to Os, Pt 7 and Hg), and thus come into a region \·rhere .the 
. ~ . 

?rod.uct nuc.lei do not have stab:f.e .eq_uilibl~iUll'. deformations. ih their groUnd states~. 

, , " 2 )I . . . 
. Recently Larl-:. and MorJ.naga . nav" looked at gamma rays 

f 
(using Nai· detectors) 

.,, 
' 

from r.uclei o:E' ':T, Os·, and Pt following (u, xn) reactions; and Sakai. arid co-~10rkers 3 ' 4) 

· fJ&.Ve studied. coiwersion electrons .from Os, P'c, and Hg nuciei 'follov;':i.lg ( . ' p 7 xn; reac-

.r 

/ . ·'·. 

' tions. ·:L'he present 1vork using heavy ions as projectiles differs fr()1' these stud.ies 
. ' ~ 

in t\-.ro respects .. First, the use of heavy io:is results in the production of more 
J ' . 

. I ., 
I 
I 

I 
f 
I 

I 
. ! 

• i· ~ 

i1eutron-'C.efic::.e:::1t product nuclei than are obtained Hith protons or alpha particles. 

Thus pur heavi·o:-st Os and ?t nuclei co:::-1·espond to the lightest ones studied by Lark 

and. l•:IorinoigaJ and. vre have not studied. any of the same nG.clei as Sakai et al. The' 

sccorid difference is .tvnat the heavy ion ~hould bring much more angul~r moment~~ . I 

' >l 
-~· .. I 

· :::: ::: ;::::m:c p;:m:::i::: e i:n g:::r:::a :::n::p::::::ri s ::d:::h:::::::s::~ t::ii:: . _, ·' . I 
not so obvious among ·the. (lm;-lying, heaVily-p;pulated) levels o~served in lni-{' I 

. . , ' I 

I 
1 

:partic·.i.larly in the spherical nuclei. .. 
A di:rference in "'tecrL.":ique bet;.;een this and our previous study is. that 1ve ·• . . •.: 

!:CJ'',·T have available reas.onably large Ge(L:L-drifted.) detectors} so that for all .._. 
vne. 

I' ! 

~-~lclei reported.7 • both .electron and high-:c-esolution gamm.a-ray spectra were~ taken. '· · ~ I 
to assign multipolarities to the observe~,transitio~s>:nd:···.· ... ·•.·.·.. .. :·""· ~~ 

estaolish our partial level schemes with consi~erably. gre'ater cervalnvy. 

I 

' :-.1as 

to 

.. ,·, 
. ::-

... ·.·. .. ' ~ I 
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Experimental 
:-.·· ,_. 

·c: ., -" · · . t · . ·. · ·.._ .11. • -" 'l · .co 165-..r · 169,., . 175
1 
.. . ·._ . '181 .· . 2. 

and .. Ta, 1-5. rr.g/ err, ·~e ...... -suppor ~ng mec-a ~c . .LO~ s O.L .,o, 1m, u, 

,Provided the targets used in this··Kork; 
-3 -1 . 

vrere bombarded by 10 . -10· fl.A 

lL;._, 
1
,, 
'J 

19 . 
·or F accelerated by the La>·rrence Radiation Laboratory Hilac.· ·· 

'1'he bt'~u:~1 -:::n0:cgies were meas"J.rcd using a solid-state counte;r and are ·expected to be 

:;..ccu.rate to about 0(;1 
'- JO • The Eilac is a pulsed :-::achine, producing 3 msec. beam bu~sts: 

15 ti::ws per s<::c:ond. (subsequent modifications have made much larger duty cycles 

avt:..ilo.ble). The presently reported data .. on the I_)ro:r,pt de-excitation ·of the final 

r;,"-clei are, of. course, taken durin~ the 3 msec beam burst. However the targets· 

vre::re <i.lso observed :i.n the interval. ·between· beam pulses,_ and two metastable states 
.... ; . 5 

Ob2C::!.'Ved during the COUrSe of this HOrk have been reported elsevl~Jere ) · .For 

each :product m:cleus s,tudied, electron spectra were taken at three or four pro.) ec-

tile energies 5-10 MeV apart (centered around t~e expected optimun1 energy). 

lj_:n·i.ted excitation function enabled us to gro'-;-p(the conversion lines .by nuclide, 

and also established the optimum qombarding energy for that .. particular product 

nue:leus. '· 
/ 

The operation of the single-gap wedge-type electron spectrometer. vias un-
·I 

char.ged. from t':le previous studies. Momentum resolutions of ,...,o. 6% 1-rere usually 

e:n_ployed.. Ttic Ge ~e~ector ( 6 cm2 in a1·ea by 0. 8 em deep) w~s usually placed a's,>o-:rt~

. 2-3 err. ::~rom the tar·g~t} and sor:1e absorber was generally used to reduce the x~~ay . 
. . . . -37 . . . . . . ' ... 

cqur,t::-:.g rate. · The full vridth of the· .L · Cs 66'2-k~V 'peak at h~l{-maxi:m.un height. 

'\·ras about 5 }~ev. ··Both the electron and gamma-ray spectra· gave energies accurate 

to about ±0.3%, 'and theag~eement bet1-reen the t1vo methods 1-ras normally quite good.: 
. . . 

'I'~1e fir:al averaged ·energies are· estimated to be accurate ·to ±o'. 25ofo. 

Botl'1 the electrons and the. g~:mma rays vrere observed at reasonably \•Tell- .. 

def'ir~eo. angles .co 00.0 '' h t -'-O.L _/ wi~ respec c-o 

., ' 
' 

... :•. 

the beam .. 

'J 

'' 

Since· the-re .are known to be 
. ' 

. ;_,. 
~ -~ .'' 

·:·.· .· 

...... 

·.,,·· 
.... -r 

_ ..... 

1: 
. 1: 

.. ! 
~ .. 

( 

J 
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of ihe r<.:.diations. emitted follbvring heavy-ion. reac-
. I ' 

t::.o;u::~ o~1r r.elative intensities -vrill not be q";.;.ite correct; and1. the conversion 

ccf::~-~·icicnJ.:.s C.eO:uced by' cc:-:-<,9arlng the elt:ctr.:;:·. and gani."Jla-ray spectra of a given 
I 

~ y ' 
.... · 

product nucleus will contain this error. : Eowev6r 1 even' ·th~ugh the angular. effects 

ar;~ rath;:!:' la.r.:;e,' th:e cascading ~ota.tio~1al transitions are normally. found, t~ ·oe ·' 
' 1 • • ' • 

a:f:'fected. · ::.n •rr.uch the sarr.e i·rc::.y; so t[',at by normalizing the electron and gamJna-ray 

·!. ·. spectre .. ~·.ri th one (as E2) 1 the error in the other conversioh coefficients 
'. \ 

The uncertainty' canbe greater for other·transiticins,''hovever. 

I\:-o:!-:co·ca:.:.icrial ·i:::2. transitions vroulCl also nor!!1ally be .·affected by, '1e~s than ·lC<Jj,, 
. . . ' . . ' . 

C::.}:'?a:;.-e;,t conversion ·-coefficients almost a fa'ctor of two different from the ·correct 
.... 

valt:..0. J:hus errors· in assignment' are not likely1 ·-but· could possibly occur i·rith .El. 

t-rans itiorJ.s. 

:. 3· Results 

T!'H= electron and garri.>T!a-r~y spectra of l78os 1 

'l90~~. . ' 
and .ng are shovm 

J..n figs. 1, 2_. ·and 3, as more or less typical of the group. In general l·re· ·found 
' ... + ... -1_ 

j. 
. . . . . ,....~--

her;;, as in tne previou~ ivork1 . .that the cleanest_ spectra are associated i'iith tn:Gse ·; 
reactio:::-.s in >·rhich the fevrest neutrons are emitted.·· The assignment. ~f the lines 

-~= I . . . . ;. 
to ··a given element could ·oe immediately proposed according to the simple rule that 

.. \. 

1 
. charged particles are not e!Jitted (at these excitation energies and dis~ances from· 

.. 
· beta-ste.bii_ity )· in s-c.fficient intensity ko that their product ·nuclei can g:i.ve · r:i,.~e · 

For most of 'the low·- energy transitions the K- 'to L:..conversion 
,· .. , r: 

li:l·:~ SC:!pal~<-.'c.ion could. be measured sufficiently accurately. to 'confirm this. ·The · 

Jr;i::.ss. a:::si[:;r::::nc:n'c.s coulci.'be rather u...'1ambiguously made from the very, regular behavior 

. '.'t . /,. -~ ' ·, ', 

•; 

I 
r 

i 
i 

'f, 
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(.· ·. 
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Thus ir: botn this c.nd the previous vrork; using tr.e. 

(tes"c. pea~ to background. ratio) bcm- ·' 
.. ll . 1 . 

f::;,J_lo·,·ring vah1.es: ( . B; 4n); 55 .!·~eV; 
l -, 

/ _! __ 1,..-:-.. ( .... \ 
.. \ .;:. ) l.J,! J) 120 MeV • In many. cases cross checks 

, .. :,:l'i::; I;C;~:::;:!.blc, 'dhere a giver~ prod.uct i·ras mace by tvro or. even three reactions. 

Ir" e:c::..c:!~, .nuc;letlS the K/L ratio of·. one of the tv..,.o lo'\·rest cascade t;ransit'ions 

C:OL~;~ ·c;,:. r;·.cas·t.::.:. .. ed.. \·Ti th suf:;:~icier:t accli.racy to ~dentify it unamOiguo1;.sly as ;-;-.·) . 
.iJ[., • 

. 
s:;-~C:c:~::-c.;. so th2.t rr.ultipolarities ±~or all the transitions seen in both· spectra 

I 

'I'l1c only reserve/cion here has to do.with the angular.effect:S · 

<' -

Almost all the intense lm.;e:r-energy transitiqns .were found. to be E2: to 

-.,'1 , . 

regc.uar _;_y in their energy spacings; and to decrease_monotonically 

(b•l·c sc;!;eti:nes not vel'Y regularly) in intensity 'trith increasing energy. Ir. -che 

- . 
d~icrme~ ~~clei these transitions und.oubteaiy comprise the ground-state rotational 

.. - - . '. ~ ' "" ~ , . ..l..h "\ ,.... . If • -4- ..I... . l" - d .. -oc.:.n::t, ar,c. ::.n .-c.r.e nonaerormea nucJ..e::L; " ey c.eiJ.ne a q_uasJ.rouavJ.ona oan : vrnJ.cn1 ·. . . 
c.arr:1onlc. . . 
/oscillator· limi t 1 'vrould become just the highest-spin member of each vib,ra-. 

tio::-.al ;;,uJ..ti)let. In this Hork vre have been ,rimarily interested. in~these trar.si-
. ...... .. ~ 

\ . ~ ,/. 
·: tio::-.s, ar.d. t:--~e:y a:r.e sU.11i'11arized ·in table l. The. ~lassification1· A or B) fo_;_lovnng 

the: e~e1·gy ir,dicate~. a confidence of 95 or 75%,. respec.tively, in tOe assigf.ent 

of ·.;.:;,~ ·c:c-~r.sition ·to the (crl.lasi) rotational seque.nce. We have also listed in.' ' 

-cao.:.c= - ... ::·: :c·e::J.ative inten'si'ties of the transitions in each nucleus ... 'l'hese are 

expec-:,e:<i to be accurate to about 20%. 

Altl·:ough spin determinations are in general absent 1 ·.they were made in tHo. 

. - , 8 . .J... : 10"' . \ 182 " . cases ~p t~rcugn tnc + state. These cases Here une o neutron nucleJ. 1 vs 1 

l84;:J.;.. 
ar.d. .. .., , ~·;her.::: \·reakly:..populated 8- isomers exist 1'1"ith half-lives around. one 

!,'· 

; . 

•. 
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These-isomers, 
. ' 5 

discussed in cietail elsewhere ), de-excite l'redom-

ir:G.r,tly to :the e:~ member· of the C1·ound-st::::.te rotational band, and then on dO'.m 

Angular distribution measc:.rements established r·easonably 

~lnarr,bicuously tne spin sequence in· t:;:e isomers, and the ground-stat~ rotational 

identified in the isomers coincided vrith the first four 

stroy:;c: E:2 '.:.::.·a-usitions observed in "'c.he prompt in-beam spectra of· these nuclei. 

, ... .. . . t' \ t . . . . . '. d .;..eas" -cnese L.\VO cases, he ex:pec ec. sp1n s·eq_uence can be cons1c.ere 

established. up thrm;,gh the 0. v-r state.· 

\ .• group of nuclei reported. here, occurrence of prominent nonro-. ' "Ltle 

\ I 

c:ro-._:_p o:f:' '.(;), ::f, and \if. nuclei; Some of these transitions have been su.·mnarized in' ..,. . 

. tc:~cle 2, toge'.:.l-.e:c \-ri th their intensities and probable multipolari ties. These· 

i!·,tc:::::i·.:.ies '.-i:i.ll be .in error if the angular distribution of·the gain.."ll.a rays differs 

.:f·:::·o7:: ·.:.l:at of the ::..·otational transitions; and, as mentioned eai·lier> it is pbssible 

".:.l'.at u.n El transition could be misassigned (as E2). This list is by no means 

corr.plete; only. a fe"i·T o:t: the most intense· trans:Lt,ions whose mass assignrnents are 

. . . ""' 
have .been included~ 

., 

·"' 

Or-.e case requires special comJneri.t. .·In 
184

Pt it is difficult to decide· .. ~ ... 

; ! . 

..._"-': 
~'4-'t,/' 

',/:J.et:Clc:::- the· 497-k~V, ~ransition belongs in the ro'cational, cascade ( 12 .--.-10). o~/rwt. 

It """ Oeer, ir,cluded there because: l) .it .is E2, end of sdficient >mens>/Y to 

ana.. 2 )' +.·ne a ... ,gul"'. r .a.·.;s"' ... ribut~on .. o"' ... · t-.h"' l.;ne :rr,.:..ke: ::;:!.ac.;:;mant elsewhere difficult, • ., ... ... • .... • "' ..... 

i:. ':!8..3 ~:-,at expected for ?-·rot_ational transition (as vrere those of the other assigned 
1 C;L_ 
-v · Y.:; :-otc. t ional lines) 0 However, it gives somevrha t unusual rota tiona.l s pacing;s 

and. appears vteaker, though within experimental error, than the 521 ket/; 

·:Cn.is ~· ~ ' ~ 184'0 .. assignment and the ulguer ones ln .. u; are given· B ratner than A-

c::.e..o~::::.:::..cations in table· l due to .this uncertainty. 

i. 
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l.;.. Discussion 

lJOPULATIOK OI·' LEVELS 

of s~ady is. that vre could generally 
' 

clear resul~s 

. r.ot iclcr.tify" s"c;:;.tes of. so high a spin in these tracsi tion- and. vib.rational-region 

r.-u.clei a::> u. 'che previous study of rotationz.l nuclei. This is most apparent· in 

"'.::::..··c;;·-.:.::~y isot,opes) Hhere spins no higher than six could be fbund.. At least in.· 

~pectra are reasonably good) and is ~leat (fig. J) that 
. ··, 

;·,:.;:::~:er tr.s.risitions are not ·simply obscured.. Since 1ve are able to id.entify a 

populated heavily (at least 10-20% of the time)} the above 

l'es·..::.::.·c ::ays only that iv[lereas the high-spin (14-20) rotational states d.o receive 
· ... : .. 

. \ 

~his :;-;·~ch popalation in regions of lvell-d.eformed nucl~i) no single high-spin. state. 
. .,.. ;. 

receives this much pop·J.lation \in the vibrational nuclei. .... ~ 

see:ns li:~ely to us that- this change is d.ue to the r~ther' dramatically ' 

·' C.:~::~f'e::~~er,t level struct.ure of the vibrational nuclei rather :than to ar,y sudd.en 

c::~:::sG in ~he. reaction mechanism. One obvious explanation for not observing 

:-~it;1:·2l'-'s~:;in states 1vould be that ~he app~opriate collective states. simply do not 

exist.. .It is clear that the 8+ vibratior,al state in l90Hg ( estimat'~d to be at 2 .. 5 

. i-·:ev) is 1vell a·oove ·the energy gap and hence lies in a region where there are 
,,. 

. .. : li}:.:::ly tc ';),:; tlvo-qua~iparticle states _having. spins . as. h'i~h as 8 or ·1~. unde; /U:Zh' 

cond.i'.;ions the collective character may' be spread over a number-of stat·e~; /o o_n~. 

,. ' . . 

' . ( ' 

'A second related explanation.,· I 
'. 

·_of ~.'.'r~·ich enough population to.be observed. 
1 ·~ 

i 
.l 
l 

i' 
! 

i ,.._. 

r.1igh'c ·:::;e that although ·these collective states exfst the fact that they ·lie· at 

eliergies as high as or higher than tvro quasiparticle states of the, sam.e spin makes 

·~.he:::: no lonGer the uniq_uely favored path1vay to the ground state. This second. 
.. ' 

•2:-:pla:-'.aticn i·rould imply that the collective levels are favored only because they 

l.le s::: ~O".·:e:- "·i.ergies than the quasipart-icle states of th'e sarr1~ spin; . Thus in. 

·i 
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<.·· 
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,( 

'i 

• 1," 

' ' 
t:-... t; C::.<::::'c::-;~,<::G. :~egion \·rhere the 8+ rotatior.al state (at "'1 MeV)' li'es -vwll below the 

c;a.;:J, it is :neavily populated.; c:..nd, ::.n ·:c~e.c·'c, :·.ere the 't:\:ro quasiparticle states, 

e:.r-,d. f1encc: :che rotc:..tior .. al-oanC. 11opulc;.tion is not cut off at the gap energy ./: 
,/;'' 

/' 

I '1 ~- ~ .. '.-'r\ 
\""'..._•) J.\li..::V)• Our 'lmowle<ige of . the· :four- ·and nigher- q_uas iparticle states is no•/ 

'· . 

gooc~ .c:r,ou,:;h to ciecide if this kind of argument can explain the onset ;of. r~eavy 

popula'cior-, in the rotational oa::-1d at about spin 16 or ltl, but it seer:.s possible. '· · 

·J.\'lere.may_be other ·important factors, ho-vrever, which are not:Considered· 

the cascad~, arid might 

For inst~nce, ~, the projection of the spiJ along'the 

probably becomes c.. good quantw·n. number near the end of ., 
then !1ave an appreciable 'effect on the 'di'stributior.L of 

<. 

Or'tJ:-,e detailed nature of the states initially populatec). in t:C.e final 
'· ,· \ I 

' I 

(or lX)SS ibly in the compound nucleus) might play irc;portant roles. ·Thus ·-v;_e 

hav.::: '"'"' cm:.clud.e that 'tie <io not yet have. enougn information to estabiish even the 

r.1os'~, i;r.:;o:;.·tant ca-:.;,ses of the observed populations. It is clear -~hat ·more direct 

experimental information is needed on the kind of levels feed.ing the ground. band~ · 

' . ·~ 182 ·. ' . 
Tn.~ ·case or Os seems to be suffici-ently unusual' to warrant special 

'I 

.. mention. .Eere the 10+ member· of the ground band receives heavy population ( 44% 

'·I. 
i 

..... 

' . . . ' . ;;;;.-"' ' 

of t:-.e 2+ level), -i·lh~reas the 12+ rriembe:r'J if it lies at all near. the expected.( ··._ ... 
·' 

•, \ . ' 

energy, is nomore than one tenth so heavily populated. ThisJ_in itself, mifht · 

not be so un,;.s-~al. if .there i'lere some unique pathHay by_ which· the. 10+: level -,is 

~~either a single nor even a feH transitions of sufficient . '-
3.-n~..~en-

' ' 

'sity ;:o f'eed t.':-.:~ 10+. 'level can be found. ·.It thus s.eems that the evidence sug-

. gcs·c.s <1 r'i\li:,ber of pathivays· ·feeding the 10+ level but essentially' none feeding. 

It is not easy to unders·~and -vrhy this· should.::·be :.the:-· case. A.'1 
, 'L' 

,., . ~ 

a::lc.c::~:_, ·::;ut see;ningly unrelated} complication is a vreakly-fed 8- isomeric. state 
'.·, 

at c::.·:.;out the so.mc. energy as the 10+ rotational level:' 
; ,. 

·,. 

. c 

I 
. 'f 

. ; . 

·:,; 

! 

I 
! 
I 
I 
! 
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i+. 2. 
~ 

In.J?::-evious Horks.L) the rotational levels of a .t:;.umber of. ·.rell-deform-:,;d' 

. . . ' . 
nuclei in the rare~earth region have been studied as p~pulated following heavy-. 

ion n'...~clee:.:· reac:cions. . Rotational levels as high as'< spin 16 6~ 18 were ic:1en-

t:i.±'ico6. l~e::.;.:3onably unambiguously) and the spacings. of these levels \.;ere. best 

accou::tecl ::or in terms of centrifugal st1·etching of t'he rotating nuclei. · In 

::,;a:::·'~iculc.:- '::he ex;:x:rimental results i,rere compared. vrith the calculations of cen-

·6 
r;.ad.e ·by Davyciov and Chaban ) . Subsequent carc:f"lll comparison-

in sev~::-al caaes 7- 10 ) of the pro~erties of the beta,vib~atlon~l .(0+) band with 

·~b:::;s;e calcuJ.a<:ed usil1~ ·this model has shovm that whereas ·the. energy of the band. 

a::C::. ::c.:. rela'cive E2 transition probabiliti.es to the ground band are reasonably . ' 
·, 1.;e::..l ::;;:..ven, ·the absolute E2. transition l)robabilities, jco the ground band are cal- .. 

c~~}a'c~d '.:.o be. as much. as an order of magnitude too high. There .can be, reasons 

vhy ·chese E2 ra·ces would be lowered (mixi~g of·the·beta bandwith;n~arby ba::J.ds.), 

bu':; "che large. discrepar1cy observed may ind.icate a .behavior mo:::-e com:pl1cated than 

·centrifugal stretching. . It should now be possibl~ to measure· directly the qu~a.-· 

. n1vr:~er.i.ts· of the higher rotational states in Coulomb excitation studies,· · .... 

i' 

I. 

)· a::C: thu.s provide' an unambiguous answer to this question~ . . ~ . 

.. 
The present .data will not be compared quantitatively vi th the Davydo;,>-;"-

theory .beca~se ,l) the_use there of simple parabolic poten~ials mus~ 
ve·:teel, .as the vibrational region is approached, and. 2).it is cleat.· ·,. 

~tat in the Os-Pt·:::-egion a large dynami-c variation of'the -y-coordinate is very 

ir.1portant and is not treated ad.eq_u~tely by Davydov and Chaban. ··.·A previous sug-
i: ..... .· .. ~l . 

g..::s'c~on-'- ) of using ':pot~_:ntials :frorr. the Swiatecki-Myers mass formula considers,. 
'I 

cr;:_y ;;;-;.e cl.:i:formation, 13) ·ana.· therefore would probably also be inadeq_uate in this' .. ·· 

.· 
''' 

•• 1 
·'· .·. 

/' ' 

.... ··.·· 
. ::.\ ··,··. ,· 

•'·\ 

'·· 
···~- ._._. ·;.!• ••• . ...-· 
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Pt-Os recion for reason 2)·. above·; and in ·<:>.clciit:.on be.catise, at lea:;;-::: for the lo1-r:-

~vLn states) a quantum-Jr;cchanical. treatrr.en'c 'oeco:·:1es necessary as· the· viprational 

re:gi:;:: 5.:: approached. To get meanin,s.ful· results here it seems one· rriust .. go to .. 

12) . ' 
and Ba.ranger · ) ,,,r.o. solve nurnerically the full Bohr Hamil,:. 

' ·' ' \ ' .• ' 

tOi~·~u.n f'cr. o.ny potential· (and· also any values fo:;.~ the six inertial :::unctions)'. 
. . ~ . 

•t •. 

. ~ , 

discussed .qualitatively rather than corn.-

In fig. 4 we· have plotted the rotational· constant~ AI 

' l 
As in previous analyses ); 

b.' . ·~ :.~" ie:.:inecl from the transition em;rgy rather than the rotational's'c,ate energy. 

J: .• I."e':: :i"J.C:lei besides -chose of, the present study have .been included for compari ... 
..,.; 

:so-:: ::..~.~. fig. L~. Tr:e previously-studied group. of nine rotational nuclei· has) 

the sak6 of clarity; not. been includ.ed in fig. 4; however; perhaps the most 

striking fea"Cure exhibited by those nuclei on,a plot such as this is tSe tendency 
' ' 

of ·;:.:'le l.::.ne.s to converge.(i.e.) t~e rotational spacings to become si~ilar) 'at ·: .. 

:.c.e hizher spins. The open circles in fig. 4 represent· average AT values 11round .· 
.l. 

'.k~ie::.-1 these nine rotational nuclei cluster. It seems clear that six of the 

presently-stuclied nuclei al.so converge reasonably ;ell,· and to very nearly the : . 

previous s~t of nuclei. 
.,.,.,.~~· 

is obviously the more. / · 

then 1 t is .appacent .>tm 
\ 

· vib:ca'cional nuclei that do not converge to this line. 

If "m examine particularly the 'osmium nucl,ei, 

fig. 4 t:::Cat the failure to converge to the "common" line o.ccurs . (probably . 
.· ~· ~· . 182 . ' 190 

0raa.ually) be·c\·reen · . Os ·ana. Os. 
.. ·· . 'l3 ll+)· 

It is. well-known ' · that in· just these 

osrt.·:.u:·;. :ruc:c~i the gamrr.a:-vibrational band drops very rapidly 'to become the seconQ. 

excited s~ate in 
192o~ at 489 keV. 

.. ~ 

The question arises as to whether this may 

·oe cv:-Jr;ectecl vrith. the failure to "converge" i:: l':~;;. 4; .and such a connection 

·.'' 

,.; 
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'i .. • 
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It is reasonably cle~r that all of the previously~studi~d 
.I 

have r;table prolate Tims ·'the c01~vere;ence de-

scr~.:x:d a~::.vc is a process (pe~~haps. centrif·usal stret.ching) vrhich occurs as 

.· '.:;;;.,:::::2 rJ;:·c::.o:c2 nuclei rot.ate. From the behavior of the "/ vibrational band, 

c::.,-,~c,:·rc.:~-; tf.0: heavie'r· Os nuclei very ·likely .lose tl:.is preference for a prolate 

:~:-~::.:~'"': c:.s :1eut:~ons are added.} until the heaviest Os nuclei become ";-unstable o1· · 

::·;.:.:·::. ~)CSf:.i';:;:::_y tri-axiai~));OtatiG:m Of a "j-Ur.Stable 'nucleus .\.rould hardly Oe 

I ' 

at. least initially) the same kind of effects as rotation 
·.f. 

of: 8. pr.:,late l'~ucleus. Thus vTe might tentatively SUg§eSt that a failure to con:.. 
--, 

'lc::cg~ ·co J.:;;,e CW:IriOl'l li'ne in -fig. ).~ may be associated With the loss· of stability · 

o~ the prolate shape; If so); this hanuens 
4 <'". i ..... .L 

.. ', :· . . . l ' .. · 

. . · . ·l8LJ. •. 
c;radually. in osmium bet"\veen Os 

i oo . 
·· anG. _ _, Os (already suspected from the behavior of the gamma-;-vibrational band)) 

j . 

- - ' - • ' • l 186 - 188p•-but rather sua.a.en.Ly 1n plat.1num betveen Pt ana. ..... 

There is another nuclear property which one rnay be able to assess quali-. 

~at.ively from fig. 4. In a previous publicatior?) it was shown that there· appears 

close :~elationship in. many rotational nuclei between the ratio of the 

4+ state to that of the. 2-l·· state . (E4j:E
2
+) and the energy of the· 

stat~ ·.(beta~vibrational band head). In fact)~ t~e relationship is 
I' r~ 

_given ap~;ro:x:imately .correctly by the Dm;ydov-Chaoari calculation°), ~nd here 1 ··. · 

si'"?lY re:fleccs the fact ,that both these quanti ties depend on the width of {n.e 

( ~~r:.:::.·:.~::colic in DC) :potential energy curve. Ti1a t i is, .the more ·nearly i E 1~JE2 .t-. 

perfect rotor value of 3·33} the less change is implied in p 

ir.creasil1g' spin) anO. the 
r: 

steeper (or. narrower) "che potential. e;ergy curve 
·I 

Ge. Clearly) the ~ibrational energy in this potential (b .... " ... . ) e _ ... a-Vl ora.., 10r: . : . . 

:.r"c:::-eases as the potential becomes stee;Jer. The slope of the _first part .. _ 
'· 

::;:;:· ::::;_;_c:l L..r:-2 in fig. 4 is simply related to the. ratio E 4jE2+; and even for 

I .. 
; 

. :• ,, '•, \ 
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the::>t:: r,uclei it may • still represent some measure of the .width of the potential 

enerc;y CU::.'ve·; Or; in different langl;.age; Of h::>'YT ,soft the nucleus is ~tOvTard changes 

in d.cforr:-,ation; although p~obably tr,e quantitative relationship between 'these .. ·.·, 

.q<.:.ar;.ti ties ·del'i ve:cl by Davydov and CnabEl.n would be poo~er here· than in. the rota-

t~.onaJ. nc~clei. A look· at :fig. 4 then shov.rs that s.ll the platirrU.i'rt:nuclei are 

initially v2-::y soft toward increasing deformation-about as. soft; ir. ·fact; as 

any o-:.· '.:,[,e r1ercl;.ry nuclei. One thus 1-ronders if any ·of, the platinum nuclei have 

· stab~~e equilib~iu.m: deformations in their ground states; that is;· sufficiently 

·dee~: :;;;oten'.:.ials -cc confine the ni.J.cleus vi th its· zero-yoint vibrational energy; > 

I 

it~·:o L ;;;e-::rr.ane::·1'.:.ly-defor:r..ed shape.· liowever; fig. 4 :muld suggest that 
·1 ·~ "" -, :"'\ L l 82 . \ 

•. uo; .~o .·; ~ u~ 
. ... u have :POtentials prefer~ing pro~ate shapes; and are rather quickly··· 

. <"· i '··' .·.' 
·st-::ctched out under rotation: to be ~imilar to the nuclei' which started with· .... 

(large~) stable prolate defo~mations. The osmium nuclei studied here have much 

flatte:c initial slopes tha·n.the platinum nuclei; and thus are presumably rnuch 

.st:L:tfer '.:.m,·a:·G.. changes in deformation . 

. 'I'i-iO co:iiunents can be niade relevar1t to the previous paragraph; First; . 

· le'rels ~f a band which is very ·likely the beta-vibrational band have 'been N' 

l8l~ 
see:::;) ir: Pt following the decay of an isom~ric .state. .The energy of this 

,..·.If' 
ba:-:d. is ::a the:: close to that given by the Davvdov-Chaban calculation based orr . 

c;:e ;;1)E2+ ?a',io.'' Thus the relationship bet~en E4jE2+ and the 'lowes. t ol 
{ 

state sec:r.,s still to be holding up rather well there. · Secondly; th~ ·large . ' { 

'. . . . . ·. •' ·' . '16 . · .. · . 
s".:.at::.c quadrupole moment recently observed· ) :f'o:;.· .the lowest 2+ level in the 

. . 

(vibrational)· .cadmiu..·1111uclei is consistent with the implication here thcit· 

nuclei are pulled out to deformed shapes under the 
! . 

iri:f'luehce 

·. o:f' -c;,,:;; an;:::ulu:c-.:nomentum-carrying collecti, ve motion. It will be of interest to 

.· .:~ 

. ~ 
static rr.oments are characteristic of the "vibrat~onal" nuclei 

~ 
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both ct~cls of the rare-earth region of defo~med nucl~i. In each plot .L. ~ • ~ • ' vne aoc1.sso.. 

:.s ·cc:.e .le3s-c:;.~itical nucleon nu.:nber: neutroils ir. the. platinum region and protons.· 
'I 

ir.t The plots are arranged so that the nearest closed shel~ 

:!.:::. "'.:.h:.:\.t. rrc..cl.(::O~"'l. nu.rnOer is to t.he right. · Thus r ... eutron nurr1bers increase to the· 

:c··ic::.t ::_,, -cne ~;latin~l region; \vhereas :proton m.unbers decrease to the right in the·. 

sa~::sx:.um region. In both plots) lines. connect the points constant in the .more 

.... c:cicc::.cs.l nucleon numoer: protons in>che platinun1 region and neutrons in. the 

s:::.~'!".s.r::.·_,r:·:. region. In bot:1 P,lots S'Olid points co:;.·respond· to beta-stable nuciides;.· 

... l . . . J 
uDe p O""CS lS SO~ewnac arbitrary, but was chosen to 

al:!.g:;. 'cl1e ~-.ig'cest osmium poi11;t ¥ri th the nighes
1
t 90-neu.tron point. 

. I 

One of the main pointp to be made 'from these plots is that they are · 
. \ 

SJ..~•l.:.ar. The gap between .88- and 90-neutrons has long been recognized; .. 

· ho~-:eve:::- -sucl1 a gap has not ·ahrays been clearly recognized. .in the platinu;'n 

accident of the location of beta~stability (the readily st~died nuciei) than 

is a 'basic d.ifference bet¥reen the' t-...ro regions. Thus, it is tn1el that 

co:-:;,:p&ri;g 1i6-neutron nuclei· in the p:Latinurn region wt th samarium i~otopes: 
! 

(Z==62) o:-:e sees· no _large disconttnuity :£.n the forrr.er. case) but a 'sh~rp one 1/~' 
-- .,,,., latter case; however, 110-neutron nUclei· show at least ;s largea d1/ 
cz;:::t::.m.i.ity ::.r. ;.;~ig. 5 'between os:ni1.l..'n .and platinun1. as do the ,samar:tu."fl~ nuclei 

' I 
\ 

be'CVE::-2:.--. 38-. and 90-neutron.. Furthermore the plot suggests that thei 88-90. 

· r ... eutl"On discontinuity .might lvell be largely vashed out in cer'ium or: oariu.'T, 

::uc: i.e i (Z=52 or 56) as it is in ll4- and 116-neutron nuclei; ·hm-rever, the 

-~.:.t..:.c;:i..ci ·to cleterinine tr.~.is are too far from be.ta-stab_i_li.ty to .be( studied.· In 

of ~"irst.:.excited state, we ;finO.: 416, 266) 137,'1and 111 keV for 
i '. 

~( . . 

,: . • ', . •I ~ > :, ' 

. ''·' 

i ' 
•.'. . .. . . 

.,..~-.""'' 

·\ ,· 

i 
-··· .. r 

i 
. I 

' 

' 

I 
I 
! 

,J 
. I 

. :1 

! 
.I 
l 
I 

:I 



: -

•. 

1• 
' 

,, 

-13- UCl\L-17067. 

., ~" 12.8 P/ l84Yl 
i'· 

.i.)!' .. .)p-'()•. l~o0 ~ . <=:62 and:82 •·oJ ?t) "'J and ) respecti"lely; and ./ ) 337) '122). keV for' 

l~-8,~ l,50Q l"'-2 1<=:4 
"' S""' and "' Sm reGl')ect::.·i;~ly. Tr~~::·re ~~; a little but~ not very· · w~n .. · •a-~ln> . •••) 

~vi~ence here to favor a greater gap at 88-90 neutrons. It se~rr,s pla\:.sible 
• I 

:or.cton nur:1ber. ·\vould be- r:1ore critical for these neutron deficie~t nu~lei in 

th0 Pt-Os region (Pt has four proton holes) whereas 110-neutr~n.n~clei have 

16 ne:t.::cro:, r.oJ.es); hovrever) for the neutron excess nuclei) where tz.,e neutron 

~he 12o~ neu~~on c~el~ 
- -. VJ. ' ""' .!-; the situation could be~expected 

to be Qifferent. It is not our.intention to argue for identical behavior in 

th<:;:::e tv70 regions-there is no reason to suppose' .that the properties observed.. 

will not be affected. by differences in such things ~s 1) the relative distanc~s 

and ~eutron shells and 2). the particular orbitals,involv~din e(lCh 

' .. 

·• _;·'1!;. 

/ 
· ~e~·~cr;. can eas)ly see differences such as the rather sharp' rise 

::.:, ;.·,._~, ·1;' /E .,..a•·.:o v~kh 'clec'reasing proton number al.ong the 88-neutron line . ........ '-' .w4+ 2+ .... l..,J.. ~..l..lJ 

1\''"" .... v is observed. in the platinlliu isotopes} .and only a slow rise in 

. . . . 

. ' ' --cne 

\' 

. ' 

i. 

': 

r::.e:..·ct:.ry isotopes. Our point here is rather that there is very ];Jrobably no great · ,; 

' 

C.issirr.ilarity betv.een these two regions when a sufficiently wide range of nuclei· 

is studied. in each region.·. 

C.-·.-; 
0.1- our conclusions about the osmium-platinum region by 

~- .. _ .. , 
~ .. -\~.-: 

refere~ce to fig: 5(b). In .the light 

"'"" _.., ·~.,.- "'""a"le · p,.ola'·e· d·e-"'O.,..""'"='t~ ons · . .. c .J.. J.._ ......... o;:;""' t.) .... l,. ..l. .... .I.LJ.C.I, .1., , • 

tungsten and osmiu~ nuclei (upper-lefty~· r. 

Moving to the right, the main change /s 
tt~ loss of stability of the prolate shape (heav.Y osmiums) j wherea,s the ec..Jn-

.' .. · ... 
i bri-.:..r:1 d.eforrr.ation, though becoming smaller, is probably stable for all these 

i • nucle:::.. · Tr1e result, garnma-unstable (or possibly tri-~xial) nuclei, has been 

. . "15 
?~"<tr.:.ously sugges'Ceo. ) , and is recognized by the low second -2: state. We ad.d, 

he::i:: only that. the failure to. converge to the "common" line infig. 4 may also 

s::.c;::.::.::.. this change. The heavy mercury and platinum nuclei (lower-rigr.:t) are 

. i 
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.tr.e tyi)ical "vib::ators ", having no stable deformatiOn (at .least in .their gr:;und. 
. ' 

:.::·Ga·ces) c::.G. no })::eference for a p::olate shape. Moving to the left, :we find the· 

li,sh:. platinu::l isotcpes (~ < 108) vel"Y iikely do prefer the ·prolate s.hape, but 
·· ... 

··.' 
;r.<'~Y \·re:_l ::-1ot :-.a,,e stable deforrnations in their gro'und ·states (E

4 
.. /E,.., ::emains low). . c 

~o say that the potential larger deformations .has a minimum f'o:: p::o-

late the light osmiuln or tungsten nuclei,· but ·the cent::al 

shape) rr.ay be so small that in the ground state the zero-

over Restated. in terms of .the potential vre 'i·rould 

co::--_(;1._·~..-:le ~iat i~ ::-:-.oving out of ·the deforrned region the bEtrrier ·in· the .garmna .. 

d.ir2.::":.ioc :Ls a :Cunction of both proton and neutron number (the latter being r;'I.Ore. 
. . 

alJ?a:r.e::t); \.;hereas the d~for~nati.on ( coritrolled. by the central Oump :in t)1e :pvten- .. 

. .• .. ' 
.tl.aJ.) 

<' . 

is ::r,ainly a function proton number; and, in fact, .changes dramatically 

beC.i·ieen osr:1iurr. anG. platinum over most of the region for which. there is info::m.a-

tion. 
· .... · 

ACKNq~<lLEDGMEi\lTS 
'i 

'--
y,Te are .indebted to Dr.: A. Ghiorso and the operating crewsof:the HILAC 

-fo-: p:::oviCii::::g the heavy-ion beams and to Mr. Rich Leres for. design of the d.at~~"" 
. \. . I 

, .. · 
::a::::c.::..:.::::g systems.· 'He vrould also like to acknovrledge stimulating discus.sion/ 

'\·Ti ti ?rof. · J .. 0. Nevrton concerning the mechanism of populating the observej 
. . I 

•· ... 
levels. 

:' . ! 

. : ~. ,··:: 
, . 

. f.i· 

/i 

! 

,. 
; _._:;. _ _ : 

··.' • .. · 

''' :· -I~ .. ·. : • 

.. ~ ' .··,: 



/.' 

' 
! . 

-15-

References 

-, \ 
:..; Stephens, N. L. Lark, and R. Jvl. Diamond,_ Phys. Rev. l~l .. s. 

2) ?L L. r..,,. ·~·:.:: and. H. Morinar;a, Nucl. Phys. 63 (1965) 466 

Letters 

Uc ~-;.-r· _ • 7" "7 • ..w l., vO, .. 

12 (1964)· 
_.~ .... ~. 

3) ·'':. 38-:·:::;.i, 'I'. Yamazaki, and H. Ej.il"iJ Phys. Letters 12 (1964) 29; Nucl. 

·,:;.'.-,·=· 7L· (,9o,..."') 81 
.J. ..... :; ~ .. -' _,.. \ ..I.. ./ 

4) E. :S.ji:ci, M. Ishil:la:::-a, M. Sakai, T. Ihamura,· and K. Katori, J. Phys.. Soc .. ·· .. 
I 

5) ..; ; 3;_:rd.e, R. M. Diamond, and? ... s ... Stephens, Nucl. Phys. ·(in press) 

§) t'-.. S. Davyd.ov .and A. A. Chaban, NU:cl. Phys. 20 ( 1960) 499 

7) v Y-::>shizavra, B. Elbek, B. Herskind.., and. I'll. C. Olesen, Nucl. Phys. 73 ( 1965) 
"'>!'. \' 

'· 

8) 3. Eloek, (private.com.'!lunication) May 1,966 

(')\ 
/) 

lC) 

v. 

ro 
\.,;. 

'D ... 
G. 

Davidson and. 

Sea~n, J. .s. 

M. G. Davidson, Phys. Rev. 

Greenberg, D. A. Bromley) 

138 (i965) B316 

and F. K. McGowan, (to be 

ll) R. lv1. piamoncl; F. S. Stephens, and W. J. Swiatecki, · Phys. Letters 11 ( 1964) ·. 

. . ··.:'. 

315 . ··.-.> .. :·. 
~"""' \' 

12) , I<. I(U-L~ar and..M. Baranger) (to be published); K. Kumar, Un.iversity ~f Calif-O:ffii~ . 

Report UCRL-16768_, (unpublished,· 1966);,. /

1 

.. La>·rrence Rad.iahon Laboratory 

State University Technical Report MSPT-101 {1966) . 
{ 

. 
? . I<. and p; H. Stelson, Phys. Rev. 

l4). G. IJ: .. w. R. Kane, M. McKeown; M .. L. Perlman; and .G. Scharff-Go1d.-

l -) __ ) 

ta.'oe:c, Phys.! Rev. 129 ( 1963) 2597 ··.· . 
. ' 

( 

S. Dac·Gupta and M: R. Gunye, Can. J. Phys. 42 ,( 1964) · 762 

- .. · .... · 
-.. ' ' 

. . . ' . 
. .. -: 

.. ,..,. \ 

.:...0) v. de3CJer, R . G. Stoksted, G.. D. Symons, and A; Winther, Phys. Rev. Letters 

• 1 

') ' 

: ., 

I 

. f 
' i 

I 
I 
J" 

··.! 

''· 

' . ' 

'1\ ' 'I 



'' UCRL-17067 

_F:Lg. l. co~yersior. electron (a) and "am.:na u. 
I • ) -::-c:..y \ o spectra of observed 

at 93 MeV bombarding energy. 
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studied rotational ·nuclei:' 
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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 i~formation pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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