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'Abstract

. Gamma rays following the (yHe,En) reactions, leading to the nuclei 18"_O'_s,
186 188 S A - ‘
- 0Os-and. Os, have been studied. Unambiguous assignements have been made for

' the 6+ states, strong assignements for the 8+ states and tentative assignements

for the 10+ states of the ground state rotational bands in these nuclei.
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1. Introduction

New data on the ground state rotational bands of 18 Os, 18605 and 18805

t

have been obtalned from studles of the gamma rays follow1ng the reactlors -

18& 18& ( H 2n)186 188

1 - . .
W( He,2n) Os and 86 ( He,2n) ~ Os. - ‘The angular distri-

_butions of the gamma rays at 27 MeV bombardlng energy and, in one-case, their

excitation functions were measured. ' The method of measurement is fully described

'ih-the preceeding'paperl). The spectra of the gamma rays from‘these reactions,

taken w1th Ge Li counters, are shown in fig. 1. We give here a brief discussion.

of the results obtalned from each of the three osmium nuclei.

b 2. The - Nucleus 18605.

. | p
The levels in 18 ~0s have been investigated by Emery et al. ) and by
186

' Harmatz and Handley ) from the. decay of Ir. The rotatlonal states of the

ground state band have been well established up to the 6+ state. A 584.4 keV
gamma ray ‘has been a551gned by Emery et al. as, the 856 transitlon, but the evi-

dence for-thls as51gnement'1s weak. Sakai et al. ) and Ejiri et al. ) have

187

S 186 186
rstudied«the conversion electrons in Os through the Re(p,2n ) Os reaction.
‘They found a transition of 589 * 3 keV, which they identified with the S8L.L

"kév transition of Emery. et al. and also assigned it to the 8- 6 transition.

v ' 6 ' ' :
Yamazaki and Hendrie_) have studied gamma rays from the same reaction and assigned

a 585'kev gamma ray to this same transition. Lark and Morinaga7) investigated

186

© the rotational levels in l86Os through the 186W(hHe,an) Os reaction, observing the
“gamma rays with Nal detectors. Their assignement of the various transitions was
"based purely on the. systematics Because of the poor resolution of NaI detectors

and the large numbers of strong non- rotational tran31t10ns in thls reglon (see
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_figr 1), their evidence can'not be considered very reliable. However, they
essigned a.gamma ray of energy 550 t 7 keV to the 86 transition.

'In onr messurements on'the gamma- rays from the l W(.He 2n )18605 re-
action we also ‘saw a gamma ray of energy S84.L keV and we measured its angular
distribution. we obtained values of A2 0.17 % 0. 08 and Ah = O 0% % 0.09.
These values are not very precise, but they are consistent with,the 584,k keV
'j,trgnsition being a stretched E2 transition,'which it must be if it is tne'8+ 6
transition. Further, we otserved A gamma ray of 551.8'keV energy4 which had
an intens1ty comparable to that of the 58k.L keV gamma ray. The angular dis-

_‘tribution of the 551.8 keV gamma ray, with A, = 0.22 * 0.09 and A2+ = -O.l% £

2
0. 09, is consistent with that of a stretched E2 transxtion This‘gamma_ray was
" not .seen in the_18 Re(p,2 ) Os reaction. ) |
v On . the above evidence alone it would be possible to assign either
the 58h o keV or the 551. 8 keV gamma ray to the 8 -6 transition. We shall
demonstrate here, con51der1ng first experimental evidence and then the syste-
1maticsvof rotational states in osmium nuclei, that tne 551.8 keV gamma ray is
_likely to be the correct assignment |
The excitation functlons of the 20, 452, ,8& 4 xeV and 551.8 keV
“transitions relative to that for the 6 -l transition, are shown in fig. 2. It
can be seen thet the‘yields of the 2 -0 and h—eé gamma rays decrease with in-
'crea51ng bombarding energy, relative to the yield of the 6 -l transition.
- Such behaviour is generally observed in (uHe 2n) reactions, which occur at bom-

‘barding energies only a little above the potential barrier for the incident

helium ions. From the ;,‘ discussion of the reaction mechanism in the -

e

v



ray to the 8-»6 transitlon, cofles from a comparison of the Re( 2 )

SR - . UCRL-17205

previous paper )}, one can see qualitatively the main reason for this. When the

target has spin»zero, as here, a significant yield of gamma rays from a final.

- state of spin I will be'expected'only if a sizeable fraction of the total reaction

. cross section corresponds to incoming angular momenta ¢ of about I or greater.

Sincelwith increaSing bombarding energy above the potential barrier;hthe cross

.sectlons for high 4 values increase relatlvely more rapldly than those for low

L values, it will be expected that the ylelds of gamma rays from final states

-of high l w1ll‘1ncreasevrelat1vely more rapidly than.those of low I. Flgure 3

ShOVS theoretical"crOSs-sections fOr forming particle~stable'states in l8605 with

spin greater than I, divided by the cross. sectlons for spln greater ‘than 51x,

as’functlonsof incidént energy. These curves were calculated with the computer

program mentioned in the preceeding paper. It can be seen that the~behav1our

._of'these curves isvsimilar to that observed in our experiment. Referring again

to fig. 2, one can see that the exc1tatlon functlon of the 58& 4 keV gamma ray

: is similar to that for the u-+2 and 2—>O tran51t10ns, that is, like a gamma ray

arising from a state of spln less than six. On the other hand, the 551.8 keV

»gamma ray has an exc1tat10n function which could be consxstent w1th a rise in its

relative cross sectlon with energy, as expected for a gamma ray from a state of

~ spin 8.

A second piece of evidence, for the ass1gnement of the 551.8 keV gamma

187 186

o - uz,, ', : . ‘
data with those from the 18 ( He,2n )18 Os reaction. The 584.4 keV gamma ray
'.Qgs seen in both (p,2n) and ( He 2n) reactions, whereas the 551.8 | keV gamma ray
~ was seen only 1in thev( He,2n) experiment. Table 1 shows the relatiye.intensities

of the various transitions observed in both types of reactiont As expected
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the high angular momentum states are relatively more populated in the‘(uHe on)

reaction. Nevertheless the 1ntenS1ty of “8# 4 kev tran81t10n relative to that

_of the L -2 trans1tlon is approximately the same for both - reactlons | ‘Thus
E agaln the evidence- suggests that the S8L. k4 keV gamma ray comes from a state ‘
dhav1ng relatlvely low angular momentum and the ;51 8 -keV gamma ray from one
having rather high angular momentum |
| The third plece of evidence, supporting the assignement of the 551.8
keV gamma ray to the 86 trans1t10n, arises .from the systematlcs of the rota-
'.tional states of the osmium nuclel, shown in flg.bk. This type of plot‘shows
’np deviations from systematic behaviour very sensitively, since it removes‘the
general I(I + 1) energy dependence of the leVels of spin I. We have'plotted
the'ratio of successivé rotational constants AI against the intermediate spin

I. The quantity A

I is defined by

AE(I-»I - 2)
LI -2

‘AI =h /2J

.It is very apparent<that the'energy of 584.4 keV for the 8—»6 transition in
18605 fits Very badly indeed with the systematlcs, whereas 5‘1 8 keV fits in
very- well (the 8-»6 trans1tlon corresponds to 1ntermed1ate spin six in fig. h)
Although no one piece of ev1dence in. 1tself is entlrely conclu51ve, we feel »
that these three taken together suggest strongly that the 531. 8 keV gamma ray
does rise from the 8-»6 transition and that the 58L4.4 keV gamma ray has previ-

ously been incorrectly assigned.

Harmatz and Handley ) have given an alternative assignement for the o

58L4.L4 keV transition, based on energy sums only. This assignement, to a transition

-
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from a U+ state at 1352 keV to the 2+ state at 767 keV, would not be in con- -

.flict with the data reported here.

186

: 2 . ‘ '
Emery etval.,)?‘from their experiment on the decay of 1%.8 hour Ir,

have concluded that the spin of -~ 'Ir is 7. This conclusion appears to depend
" strongly on the assumption that the 58L. 4 keV gamma ray arises from the 8+ .
state. If, as seems likely, this assumption iS’incorrect,bthen the possibility

o - v , : 6 o »
of spin 6 for the ground state;ofvl8 Ir cannot be excluded.

We observed another gamma ray of energy 647.6 % 0.5 keV, which might

‘be very tentatively assigned to the 108 transition. Its angular distribution

“ coefficients, Aé = 0.55 % 0.3 and A = 0.3 £ 0.3, are consistent with it being -

a stretched E2 transition and its enérgy-fits vefy well with thé systematics,

as showh in fig.'h. Its excitation function,zshown in fig. 2, was measured,

", but -the results are not ?recise‘eﬁough to draw any firm conclusioﬁs.. The in-

tensity of this gamma ray is nearly equal to that of the 551.8 keV transition,

whereas one might have expected -the 10-8 transition to be rather weaker.
3. The Nucleus ‘070s
The :states up to 8+ of the ground state rotational band in l8405 have
» L 6 . :
been assigned by Sakai et al. ) and by Yamazaki and Hendrie ) from (p,2n)

’ A . b
experiments and up to the 10+ state by Lark and Morinaga7) from a ( He,4n)

experimeﬁf. The same objections apply to the Lark and Morinaga.data as

pfeViously noted. Sakdi et al. givé'SOﬁ‘i 4 keV and_Yamazaki.and Hendrie give
504 keV for the energy of the 8-6 transition. In the (p,2n) experiment this

transition has approximately the same intensity relative Eolthét‘of the 6k
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.tran51tion, as does the 58h keV transition in 18§os;5”in'vienvof‘oar:remarks

on the 186Os case,. we would 11ke to point out that the difference between their
value of 50& keV and ours of 500 7 0. 4 keV for the 8—a6 transition may be
significant. It 1is possible ‘that the 8—96 transition is very weak in the (o,Qn)
.reaction and that the 504 keY{transition-is not‘seen in our ('He,2n)_experiment,
" because it is @a;ked by}the:strong 500.7 keV transition. A gamma ray of 596.6 *
1 keV might~be assigned_tentatively to thei10+$8 transition. Itsfvalues for
A2 0.20 % 0, 1 and Ak =‘-O 66 t d i are_not_very precise, but‘are probably not
inconsistent with the value of" A2 ~0.32, "expected for.the lQ—+8 transition;,from ‘
those for the 8—96 and 6- 4 transitions in this nucleus It should'be remarked

that the peak corresponding to this gamma ray is broad Its energy is in good

accord with the systematics, as can be seen from fig. h

}vk. The‘Nucleus 15803A |

Apart from the work of Lark and Morinaga7) the levels in the ground
state rotational band of l8803 have been given only up to the 4+ state3 8).
We find gamma rays of 461.9 * 0.3 keV ana_575.8 * 0.4 keV, whose angular dis-
tributions are consistent with those expected for:the'é-sh'and'S—eG transitions.
These energies are not in agreement with those of M?O T and 640 * 10 keV,
| given by Lark and Morinaga. Another gamma ray of 655. 9 l keV energy night be
very tentatively assigned to the lO-a8 transition, on ‘the basis of systematics

only. A point corresponding to this is shown in fig. 4.;-
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5. Conclusion

' The'?nergies which seem to us to be‘most likely'for the members of the

.-ground state rotational: bands in the three osmlum 1sotopes are shown 1n table 2.

we feel. that the a551gnements up to the 6+ states are llkely to be good those

- for the 8+ states are falrly good and those for the 10+ states very tentatlve

Many rotatlonal states SO far have been as51gned purely on the ba51s of

energy-level systematics Though thls may often be a useful procedure, it must

be remembered that in doing this one is often assumlng what one is settlng out

to prove. Clearly; 1tls apartlcularly dangerous practlce in the osmium region,

" where the.level density iS»rather high at fairly low excitation energy and many

strong transitions are seen both in the reaction experiments and in radioactlve

decay ' Angular_distrlbution measurements are an additional tool in‘identifying

the rotational transitions;.since‘they must have angular distributions character-

istic of stretched E2 transitions. In this paper we have confined our attention

to gamma rays which satisfy this criterion;'though-others which do not were also

seen. However, the identification of‘avtransition asrbEing of stretched E2

- character is not sufficient in itself'to conclude - that the transition is ro-

: : con _ 1 , : co
tational, as the example in 8605 shows. Clearly, stretched E2 transitions can

- oceur between non-rotational states as well. We have-demonstrated that exci-

tation function measurements.can provide additional evidence regarding the spins
of the decaylng states However, in order to make more rellable a531gnements

for the higher rotational transitions, it w1ll be necessary to perform coinci-

dence measurements.
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{'Figﬁre.Caﬁtions | e
. 182 18k . 186

”.Flg l Gamma ray spectra from the”bombardment‘of W, W and W-with.

27 MeV hHe ions

~ng1g 2 Relative excitation functions of gamma rays seen in. the_ W( H ,en )

6 - \
Os reaction The full lines have no theoretical s1gn1flcance

- with spin greater than I, relative to those for forming states w1th Spln-'

greater than six.

i'Fig h Systemat1c5’of rotational state'energieS'in osmium nuclei; Data were

obtained from the present work and the following references , Ref 9) 182

188 190

f 2) 6Os,vRef, 8} Os, Ref. 3)

‘1Flg '; Calculated cross sections for formlng particle stable states 1n'18605 :

5,
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Table 1

Relative iﬁtenSlties of transitions in 18605 observed in two reactions. Those
fgr the 2551. 8 keV tr%n51tlon were estimated from the publlshed spectra for the

Re + p reactlon/) Assumlng E2.
L .type of ' _ ' S
~ Reaction : '~ observation @ 2-0 L4»2 64 551.8 = s8L.L
lv871-'<e + 14 MeV p “conv. el. 270 100 39 <6 27 .
v " gamma rays : . - <8 oL
NP o - e .
l82W + 27 MeV He  gamma rays- =~ 175 . 100 b6 - 16 20
s " Table 2

Energies of fotational states. The data for the 2+, U+ and 6% tggtates of‘1860s

' are taken from ref. 2) and those for the 2+ and b+ states of °%0s from ref. 8).

The brackets round the 10+ transitions indicate that these acsignments are
. tentative.. :

1846 oG, .88
2*;'f . jll9¢3 £0.3 137.15 £0.05  155.03 * 0.03
bt ;583-6:# 0.k < k35.90 t'o.oéle. :,u77.9u *0.05.
B+ 113.9.t0.6 868f7 t0.1 'e'.-939,8' t0.3
T 'ie7ﬁﬂ6‘t 0.7 iyao.sj-i'b.a  155.6 £0.5
"1o+" »» (1871.2 * 1.2) (2068{1 *0.6) (2i69.5 £1.4)
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