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Abstract
The decay bf a two-neutron, 8-, isomeric stéte_has been observed in
three nuclei having 106 neutrons. The half-lives of ﬁhese isomers are in the
180m, 182my 18“%,_
there were observed five prqminent-transitions. Four of these are the E2 tran;
sitions of the 8 -6 - L -2 50 céscade in the ground-state band.  The fifth;.
transition is a very hindered El that de—ekcites an 8-, 8 isomeric levei and
populates the.84, 0 level of the ground-staté band. Despite the appreciable
difference betweén.the properties of thése nuclei, as.cén be seen by comparing

the well-developed rotational spectrum of 18OW with that of the poor rotor

184
Pt, the isomeric transitions seem to exhibit a striking similarity. In
l8hmP o . L

t, the isomeric decay also populates other levels. Among them were tenta-
tively 1dent1f1ed two members of the B~ v1brat10nal band. Their position rel-

ative to the ground-state band in this transitlonal-regiOn nucleus ig of

special interest.

. This work was performed under the auspices of the U. S. Atomic Energy Commission.:

TPermanent address: Physics Department, Hebrew UniVéfsity, Jerusalem, Israel.
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1. Introduction

In the course of a cdntinuing study of the gammé-ray cascades occurring

after neutron emission in heavy-ion induced reactions, some neutron-deficient

o - . S : : . 1,2, . o
even-even isotopes of Yb, Hf, W, Os, Pt, and Hg have been investigated ’ ). At =
the same time a search was conducted in these nuclei for heavily-populatéd iso-
- meric states having half-lives in the range of milliseconds tobminutes. The

.pulsed nature of the Hilac beam lénds itself very well to such . studies, and

l8APt., Negative results were obtained in the

18

isomers we¥e found in l8?05' and
other 16-18 nuclei studied. The 20s 1somer has been observed in (o, ln) work
at Amsterdam;), but the present study is more detailéd, involving measurements

of the canersion,electron spectrum, of thé gamma-ray spectrum with lithium-

drifted Ge counteré, and of <y-y coincildences and angular distributions;~'Another

previously known isomer with 106 neutrons, l8omwv(refs. k, 5, 6), was reinves-

tigated to extend the information available on this isomeric state.

2. Experimental beéédﬁre_
Self-suppoftiﬁg metaliic térgéts of ~1 mg/cmglwerelbombgrqed with beéms
of ﬁhe appr@priate heavy ions from the Lawreﬁcé‘Radiation Laﬁorgtofy ﬁiléé to
produce thé nuclei unaer investigation. The beam ﬁas monitored by a Faraday

cup placed ~1 1/2 meters back of the ‘target, and 1ts energy was determined

- with a solid-state counter calibrated against the full-energy beam (10.4 MeV

l'per nucleon).' The energies are expected to be within ~2% of ﬁhe measured

values.

L~
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- Conver51on electrons emltted from the target at>9O to the beam dlrec~ -

':"4.

‘:-tlon were measured w1th a: spectrometer of the s1ngle wedge gap type7) ' Thls“v

spectrometer and 1ts semlautomatlc operatlon has been descrlbed prev1ously ) S
~ The beam struck the target at a gra21ng angle of lO or l5 1n order to m1n1~ f;xf" “'W._
;_mlze the degradatlon in energy of the emltted electrons in thevtarget whlle |
:_max1mlalng the yleld N |

Gamma -ray spectra.were.taken u81ng 5. cm X 5 cm NaI(Tl) detectors coupled
to MOO channel Pulse helght analyzers " For c01ne1denceimeasurements, such coun-'
-ters .were.: placed on: each s1de of a target,’at rlght angles.to the beam- dlrec;.f,
tion, and 3.4 cm apart. Aiconyentlonal.fast-slow'c01n01dence c1rcu1t.was usedt
(27 = 3 x lOf8iSec), with the sloﬁ output offonercounter being singlegchannel l'
vanalyredAand that of the Othervfeeding'a multi?channel analyzerf |

,Gamma-gamma angular distribution measurements were umadezﬁusing¢r“tg»:‘
three 5 cm.x 5 cm NaI(Tl) counters. One counter~had a fixed p081tlon and was

connected. through 1ndependent 001nc1dence c1rcu1ts w1th each of the other two Ai
| movable counters. . The pulses of thevfixed counter.werevsingle—channel analyzed,
' and the gated spectra of each of the other'counters ‘were recorded in multl-
channel analyzersa The p051tions of the ‘movable counters with respect to the g
lflxed counter were. changed succe551vely through angles of 90 155 , and 180

The gamma- ray spectra of 18 m Os' and 184 mPt were also observed with a
llthlum drlfted Ge solld state detector. The countervhad a rectangular crossf .

section of L cm? and a thickness of 8 mm. The detector system yielded a reso-

 lution of ~5 keV at 662 KeV. L SR - EEREEE SE. i_:*'ffa e



The targets were bombarded w1th 5 msec beam bursts of the Hilac at a
: per .
repetltlon rate of 12 pulses/second The.analyzers could be gated to observe

the conversion electron or gamma ray spectra during the beam bursts or at

varlably delayed time intervals after the beam. In some of -the measurements,

the operation of the photomultiplier tubes was blocked during the beam pulses

in order to obtain better statistics for the out-ofebeam spectra without

overloading the electronic circuits while the beam was on.

3. Results

v The'isemeric level in lBOW was‘produceddby.means of-the'reaction
178Hf(a;2n)180W,with a foi;:of natural Hf irradiated with 23 MeV uHe-ioms.
The conversion electron speetrum frbm the tamget was measured by the wedge-
gap spectrometer in the interval,between beam bursts, and‘was recorded in a
400-channél analyzer operating as a multtscaler. The first three 100-channel
sections of the analyzer accepted pulses during suceessive 3-msee.time inter-
vals starting-0.2 msec after the termlnatlon of the beam burst. vlThe fourth
section followed/ bgﬁewas 30 msec long. One-tenth of this-last sbectrum was
subtracted from the accumulated data 1nveach of the first three‘sectiOns of
the analyzer to correct for the long-lived madioactiVity prodaced daring the
bombardmemt. Figufe:l shows a conversion electron spectrum so obtained in
the first 3 msec interval after the beam burst. Spectra of the same shape

appeared in the two following n¢i.seetions of the analyzer, but with decreasing

intensity, indicating the same lifetime for all the conversion lines observed..



' The half life deduced by comparing the 1nten31t1es of the lines in the three
sections is 5 2*0 2 msec 1n agreement w1th the preVious value of 5 5*0 3 msecu)

Figure 2‘showsuthe corresponding gamma-ray~spectrum obtained With a-

-5 em X 5 cm NaI(Tl) detector . The long lived rad10act1v1ty has. again been sub-. .

tracted It can “he seen that the five tran51tions have about equal 1ntensities
Table I summarizes thevconversion electron-and gamma—ray data obtained
l8OmW '

The first column gives the energy of the tran31tion, the second
column lists the energy of the electron line, and 1ts ass1gnment the third
the relative 1ntenSity of the electron line, the fourth and fifth give the

' K/L ratio, experimental and theoretical The 81xth column llsts the relative

v.ﬂinten51ties of the gamma rays; the seventh and eighth give the values of the'

vK— or L-conversion coefficient, eXperimental and theOretiCal'vthe ninth lists’i
: the ass1gned multipolarity, and the last column lists the relative tran31tioni"

1ntens1t1es . As:can- be seen from their K/L ratios, the 25H and 550 keV transi- v

tions appear to be E2 Interrelating the electron and gamma- ray 1nten51ties by

usingi,;thez theoretical E2 K conversion coeffiCient for the 23# keV transition

gives the experimental-conversion<coefficients-liSted.for,the other transitions.

- The 103, 350, and hh8‘keVvtransitions‘appear to;be:EQ, and;the 390 keV one is
': an El. The similar intensities of.the 350 and.59O keV,transitions'in the

gamma -ray spectrum, but markedly different values 1n the conversion. electron

spectrum,are striking The relative “dtﬁ, 1nten51t1es of the five tran31tions

obtained by summing the values of the‘gamma ray 1ntens1ties and those of the

conversion lines (u51ng theoretical conver81on coefficients when necessary, and :

’

e R

L U
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assuming the M+N¥..; conversion linés to be 1/3 the_ihtensity of the‘ﬁ-line)'are
given in the final colﬁmn. -Thé& afe all equal withiﬁ experimenﬁal error. Gamma-
gamma coincidence1experiments.Qerified that éll five transitiéns afefin coinci-
dence with each ofher, and.tﬁus must éll‘be plaééd in caséade;

.In order fo define the spin assignmeht of the isoméric lé&el, y-y'
aﬂgular distfibution measuréménts were.carried ogtuatwangleéwof 9Oo¢31§59,:add:
"180° with respect to thé fixed NaI(T1) éounter. The first 200 channels of the
multi-channel ﬁulse-height analyzers recording the spectra were gated ﬁo accept
the coincident spectrum frdm.theltime intervalJO.E—lo.2 msec after the beam
bursts, and the second 200 channels recdrded the spectrum from the interval
10.2-&0.2 msec aftgr the beam. AOng-third of the latter was.subtracted from
fhe former spectrum fo'accountvfor the long-liygd activity. Table IV sums up
.the results obtainéd from the angular'distribution:measurements. The first
column gives the single-channél anal&Zed transition and the second gives the
coincident transition observed in thé multi-channel analyzer. Siﬁce in the
singles gamma-ray spectra (fig. 2) the 350 and 390 keV’beaks.are not completely
resolyed, they were apalyzed together. The relative iﬁtensities of the accepted -
peaks were 0.55 and O.h5vfor fhe 350 and 396 keV traﬁsitions respectively. "Col -~
umn three in Table IV gives the éxperimental value fbuqd for Ag, the coeffiqienf
of the Pe(cos B) term in the expansion of the angular distribution in Legendre
polynomials, W(8) =ll'+ A.P_(cos 6) + AuPu(éos 6) + .... The last columns in

2 2

Table IV give the calculated values of A, for four spin sequences.

2
2 A
The isomer, 18 "0s, was produced by the reaction 175Lu(llB,An)1820s,
using. "B beans of 52, 56, and 63 MeV energies. This three-point excitation

function showed that the relative yield of the transitions was very similar

' 11 . , ) : . o
to that of other (7 B,ln) reactions studied in this region.  Furthermore,
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the assignment of ‘the 1somer to 8 Os had already been made by Lark and Morlnaga

from the (a hn) reactlon on %82W, The decay of the 1somerlc state was observed

- between beam pulses as descrlbed above for l80mw Flgure 5 shows the convers1on pj:

electron spectrum observed in the tlme 1nterval O 2 3. 2 msec after the beam

. The long llved act1v1ty has agaln been. subtracted All the”promlnent lines

observed had the same relatlve 1ntens1t1es at the various bombardlng energles,v
"and had the same half- llfe | The value of the half llfe has been determlned as

O.78i0.07 msec ) Figure L ShOWS“the out-of-beam gamma-ray;spectrum (correctedj,

B .

for long- lived act1v1t1es) measured w1th a llthlum drlfted Ge solld state

'fvcounter A gamma ray spectrum taken w1th a 5 X 5 cm NaI(Tl) detector showed,

Jin addltlon, a weak l2h5 keV tran31t10n w1th the half llfe of the ‘isomer. By,“ -

comparing the intensities: of the' 48# keV (8+ —>6+) trans1tlon in-beam and out-

- of-beam and taklng into account,the;llfetlmedof<the;lsomerlc state, 1t was foundf

that the ratio of production of this”tranSitionbthrough the isomeric state and

~ through the fast (<1077 sec) in-beam cdscade,is 0.18%0.04. (It should be noted . -

that (1) no account was’taken Of-possible-angular anisotropies of the (in-beam)
radlatlons, and (2) essentlally all of -the isomeric decay but only ~0. 6 of. the

prompt cascade pass through thls transmtlon, as 1nd1cated by the relatlve in-

- tensities of ‘the h84 and 127 keV (2+ —>O+) tran51tlons ) ‘This ratlo seemed not -

to be very dependent on- the energy of the bombardlng partlcles over the range'
studled.
' ' 182m
The data for the conver51on electrons ‘and gamma rays observed in 7 Os
-'are listed in Table II in much the same order as’ for mW in Table I. The
electron and gamma ray 1nten31t1es -were normallzed by us1ng the theoretlcal E2

K -conversion coefflclent for the 273 keV trans1tlon, the K/L electron 1ntens1ty

ratio for this trans1tlon does 1ndicate an E2 multlpolarity 'In this manner

5)"

Q .

A Y "
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experimental cbnversion coefficients. for the other transitions can be determined
and compared with theory (columns seven and eight){*_lt can be seen that the 127,
%9k, and 48l keV transitions are also E2, and that the 554 keV one is an El.
The relative intensities of the tfansitions, again a sum of. the values calcu-
lated from the conversion electron and the gamma-ray data (bylmeans of the ap- .
propriate theoreﬁical,canersion coefficients when necessary) are listed in the
final column of Table II. These five transitionsfhave almost equal intensities,
e . 1'80mw L : i

but in contrast to the situation for , there is a small and probably sig-
. nificant decrease for the two or three higher energy transitions. This, together
with the presence.of the 1245 keV transition, suggests a weak branching of the
, o - '
© isomer to other levels in l8 Os.

Again -y coincidence experiments showed that the five main transitions
are in coincidence with one another and so must be placed in caScédé. The ~y-vy

. . . . : . l8Omw

angular distribution measurements were carried out as described above for .
_'The time intervals used for observing the isomeric and long-lived activities
were 0.2-2.2 msec and 2.2-12.2 msec after the beam, respectively. The two peaks
of 483 and 555 keV were not resolved completely and were single-channel analyzed
.tdgether. The relative intensities of the accepted peaks for the L84 and 554
keV transitions were 0.54 and 0.46 respectively. Table IV sums up the angular
distribution results,‘

, l8hmP ' ' - - . .

The Pt was produced by means of the following reactions on the indi-

18l with 114 Mev 113;_175Lu(14N,5n)18”Et with

Wt witn 92 Mev 9. For the M

cated targets: l81’I‘a(llB,8n)

..... "y ana *a(M, bn) 1"

175,

reaction on u the limited excitatioh'functipn again followed that of other
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hnowh (th 5n)’reactlons 1h thls reéloh ' The conversloh‘eiectron spectrum ob—-
dvserved after the beam (corrected for long lived actlvltles) 1s shown in flg .5
K‘The four most promlnent tran51t10ns appeared also 1n the 1n beam spectrum

v(together with some addltlonal llnes) The ratlo of productlon of the h}l keV

i trans1t10n (8+ —96+) from the isomeric act1v1ty to that from the prompt cascade'
was Q. l5+O 05 (It should agalnvbe noted that (l) no- account was taken of pos—
"h51ble angular anlsotroples, and (2) only ~0. 5 of the 1somerlc'decay and 0.6 of'
the prompt cascade pass through ‘this tran81tlon, as 1nd1cated by the relatlve
' intensities of the hBl and 162 keV trans1tlons ) |

All the out of beam.trans1tlons except the weakest were verlfled as

belonglng together by their half llfe.j,The half-llfe observed was 1.0110.051”
msec. A low energy conver51on electron spectrum was measured u51ng a target

of evaporatedtl75Lu,-~O 5 mg/cm on ~O 5 mg/cm Al, placed at an 1ncllnatlon of
B 50 to thedl5N heam.v Flgureg6 shows;the.lowerfenergv reglonvof»the gamma—rayf
o spectrum deteCted\just’afterbthevbeam burst by :the Gevcounter."The long-livedl.

activity has been subtracted fromvthis spectrum."Figure 7. shows the higher-

energy region of the spectrum, with the long-lived activity drawn in as a solid

* line rather than subtracted.
| Tabie iII'sums up thebrnformation from the:electron>and gamma ~-ray »
vvspectra. ‘The electroh and gammaéravfintensities'havedheen normaiised to each
other by us1ng the theoretlcal E2 K-conversion coefficient for the 561 keV
-trans1t10nf Thls was a compromlse to u51ng elther the 272 or 451 keV transi- -
tion's conver51on coeff1c1ent as a standard,'51nce they devlatefln opp051te
directions. -All of these three trans1tlons have K/L 1ntens1ty ratlos 1ndlcat1ng

.

. an. E2 multipolarlty. Experlmental converS1on coeff1c1ents can thus be deter-

mined for most of the transitions observed and thenvbe compared with theoret;cai:

S
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valﬁes to aid in establishing the fransitions; muitipelarity.' Our assignment
of the.muitiﬁolarity is given in eelumh nine. vfhe'tofal relative intensities.
of the transitions,'again a sﬁm of the‘convereion'eiectron and gemmafray data
(using theoretical conversion coefficlents when necessary) are listed in~the
last column of Table III. It shoﬁld be mentioned that weak and somewhat ques-
tionable traneitions of ~121, ~126, and ~22L keV have beeﬁ observed, and may
aiso belong wifh lBumPt.

Gamma -gamma coincidence.experiments established that the five most
prominent transitioﬁs in l8hmPt, the 610 keV El and the foﬁr E2 frensipions
“of 431, 361, 272, and 162 keV, are all‘in‘ceincidence with one another and so
form a cascade similar to those observed wi#h 18omW and l82m0s.v-‘ But in this
case'the intensities of the trensitions are notball the.same, indicating side
~branches, and the large number of other transitions observed also requires'a
. more_compliceﬁed scheme. It was found that the 1255 keV transition ie in coin-
cidence with the 112 and/or 118, 162, and 272 keV transifions, but not with the
361, 431, u59; 610, or 1065 keV ones.. The 1065 keV transition is in coincidenee
with the 112 and/or 118, 162, 431 and/or 439, and possible to’a small extent
with'the 272 keV transitions, but not with the.36l and 610 keV ones. The unre-
solved L3l and 439 keV group, besides being in-coincidence with the 610, 361,
272, and 162 keV peaks, is also iﬁ ceincidence with the 1065 and 796 keV transi-
tions; The 930 keV transition goes with the‘56l, arz, and.l62 keV transitions,
but not with the 431 keV one. |

The 737 angular distributions in l8umPt were measured ﬁnder the same

conditions used for 182m

Os. The results are listed in Table IV and the compari-
son with the theoretical values of A2 for different sequences is also presented

there.



o Ul Level'Schemes' |
- u.l lSOmw

Slnce the c01nc1dence experlments showed that the flve tran31tlons ob- -

' seryed in the decay of 189mw are, all in c01nc1dence w1th one another, they must
-he in cascade, And since’ they all have thelsame 1nten81ty (Table I)y“this_must:
vbe an.unhranched cascade,V‘Con51der first the four E2 trans1t10ns We.hawevnov

;fidirect evidenCesln_thisvcasegas'to‘thelr order,in.the;cascade,vhut>Wlthvthe

» other two iSomers'Studied.we hawe.also_observed.theAfour prominent E2‘transi_ o

‘tions in the ln;beamv(prompt) cascade In. these‘cases therevis'evidence (See;

the discussion of 18 mOs) that the E2 tran81tlons are. ordered in the cascade

accordlng to their energy (lowest energy lles lowest etc ) It therefore seems
,reasonable that the E2 cascade in mW 1s ordered in the same way. The re-
sultlng sequence of levels is that expected for the ground state rotatlonal band
. as the spac1ng is very close’ to the I(I+l) spac1ng of a rlgld rotor. The three
lowest rotatlonal'trans1tlons are'known in l82w from multlple Coulomb excitation -
) exper1ments9) and are w1th1n u 5 keV of the. three lowest energy transitions in
180m,, ’ ;

: . In\addltlon,vthe only.states'known_to occur at energles of a few hundred

- keV in deformed even-even nuclei'in'this,region‘are the rotational ones; so that,

we feel it is almost certain that the four E2 transitionsfare'ther8‘:a6'—>h -2 -0

cascade in that band. Then'the El muStvbe.theigamma ray which de:excites the
isomeric state and feeds into the‘rotational,bandvat'the 8+ level. Such an
assignment requires the spinvandiparity of’the iSomeric~state.to be -, 8;,
or 9-. | | | |

Thevay,angular distributlon;measurements_wereimade-to determineiwhicﬁl

of these three spins is correct. In columns'four,.five and six of Table IV are

a7
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listed the theofetical valﬁes of.Ae for fhe_sedueﬁces.8(1)8(2)6(2)M(2)2(2)O,
9(1)8(2)6(2)&(2)2(2)04 and 7(l)8(é)6(2)h(2)2(2)0. By comparing the experi-

mental results with the theoretical predictions, it is obvious that of these

three séquences,»only the 8(1}8(2)6(2)&(2)2(2)01Qne agrees with the measured

values. It should be noted that the values deduced for Au'Were zero- within

. .. : + ) . . 180mw
the experimental limits of error (%0.09 on the average) in all cases for ,
and also for the other two isotopes. This' fact is consistent with the preceding
and all following conclusions drawn from the angular distribution data.

In order to obtain some idea of how well the anguiar distribution data

specifies the entire spin . sequence, other spins for the lower levels were con-

sidered. To limit the possibilities and make the problem.tractable, two re-
strictions were made: (1) the transitions were assumed to be of pure multipole

order (our experimental limits on the possible admixtures are actually not very

low) and (2) the order of the transitions in the cascade was assumed to be that

previously discussed'(as in fig. 8). It was found that of nearly 250 possible
cascades; the only other combination of spins that satisfied the experimental

results was: 4(1)4(2)6(2)4(2)2(2)0. The values bf A, for this sequence are

2
listed in the last column of Table IV. However, because no cross-over radia-

tions were detected, and for the other reasons given above, we feel that the

correct sequence is 8(1)8(2)6(2)4(2)2(2)0 and that the decay scheme is as shown

in fig. 8.
2
yo 182mag
182m . . : ] e
In Os we again find an E1l and four E2 transitions in coincidence

with one another, and thus in cascade, The intensities of“the transitions are

nearly enough,eQual'to show that the cascade is predominantly unbranched,

i
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although avweak s1debbranch 1s suggested | The!fourﬁEédtransitions areﬂalso_f
 seen in beam in the prompt cascade which de excites‘most of theilBQCsvformed;:
_In this spectrum.the intensities'fall off monotOnicall&vwith‘increasing transijdj
.l.tion energy (unfortunately not completely out31de the experimental limits of
error for every pair), the overall decrease is almost a factor of two Now,‘iffff f‘;
Cwe assume.only'that the prompt’ cascade.andvthejisomericldecay both terminate,at7
.the groundvstate of“lSEOs,‘then thevabsence-of the El transition in-beam placesv.
it at the top .of the cascade, and the 1n beam 1nten51t1es, together with the
knowledge that the cascade 1tself has no 31gn1f1cant‘branches, defines the order
of the E2 transitions.: This sequence‘corresponds_to that for e rotational band. -
As.forvl8omwh.the angular distribution measurements unambiguously'define”
the .spin of the isomer as 8, provided the E2- tran51tions comprise the ground
' state rotational~cascade (see Table'IV),.~ or 182m0s, however, the-arguments for:
vestablishing the entire spin sequence are stronger for two reasons. 'FirSt
there is good ev1dence for the order. of the tran51tions in the'cascade (preVious
paragraph);'leamingvas‘major;assumption[onlyathe purltyvof the‘multipole order:
:of the transitions. (We’hare'not had'the‘courage todemamine'homvmany cascades'.
| might be allowed if'account.isdtaken of the'(Ml) admiitures-permitted'in the
tranSitions by our ~15% uncertainty in the conversion coeff1c1ents ) Secondly,.d
in this case even the h(l)h(2)6(2)h(2)2(2)0 sequence can be con51dered unlikely,
since two of the A values are out51de the experimental limits of error. Thus

the entire 8(l)8(2)6(2)h(2)2(2)0 sequence is established with a minimum of

assumptions
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At least one transition in addition to the main sequence-was detected
at 1245 keV and found to belong to the isomeric activity of 18 mOs. Further-

more, the higher energy lines seem to be lower in intensiﬁyfthan.fhe transitions
that are situated at the bottom of the cascade. These facts indicate a more

. , ’ 180mw : o
complicated structure than that for . But due to the weak. population of

. , o .
the side branch in 18 mOs, we have not pursued this investigation further; the

‘ position of the 1245 keV transition is not certain and the decay scheme shown

in fig{ 8‘1ists only the main cascade.

4.3 18kmy,,

The decay of this i$omer 1s more complicéted. There is, as with tﬁe
other isomers, a main cascade consisting of'aﬁ El (610 keV) andbfour EQ.transi-_
fions (431, 361, 272, l62lkeV) all in‘coincidence with one another. The order
of the transitions i1s again indicated by the;r intgnsities both in-beam and iq
the isomer: the érgument is ;imilaf to that méde for l82m0s'. Again thé indi-
cated order approxiﬁétes the rotational spacings expected. The Y-y angular
distribution studies summarized in Table IV agree with the theoretical values
éxpected fqr.the 8(1)8(2)6(2)4(2)2(2)0 séquencg,‘again completeiy ruling out 7
and 9 as possible épins for the isomeric state if the rotatibnal sequence is
assumed. ﬂowever, the 4(1)ﬁ(2)6(2)h(2)2(2)0.combination cannot be excluded
in this case. For the latter SeQuehce We'wpuld expect cCross-overs with the' 
energies 792 keV, 1064 keV, and 1402: keV. Transitions with energies of 796il

keV and 1065%5 keV were found in the singles-spectrum, and the coincidence

6f‘_measurements showed that these two transitions do, indeed,_terminate at the

second and first excitedvstates respeétively. However, the possibility that’



e

the 796 keV line 1s, 1n fact the cross over of the M5l keV and 561 keV tranSia

tions can be excluded Be51des the slight discrepancy 1n energy, a comparison' t;
.between the prompt spectrum and the isomeric one’ showed that the relative in-
tensities of the MBl and 796 keV tran51tions are.quite different in. the two ..
spectra, indicating that both transmtions cannot de ex01te the same level T' | {~_ii

' Slmilarly, a comparison of the relatlve 1ntenSit1es of the 1065 and 796 keV | |
lines in the prompt and isomeric spectra show that they seem to go together,"

so that they appear to de excite a different level (abotuit 5 keV higher in_'

.energy) from that de- ex01ted by the. MBl keV tran51tion The most‘probable

| spin ass1gnment for the main sequence of levels then remains 8(l)8(2)6(2)h(2)2(2)0

Bes1des the main cascadeiin 8 mPt there are probably two side branches.

_'The Y-y coincidence studies establish the level described above“at 1229 keV

which de- ex01tes to the first and second excited states at 162 and ABA keV by
means of the 1065 and 796 keV tranSitions, respectively A level at 1669 keV

is suggested by the 001n01dence studies which 1ndicate that the 1255 keV transi-~

‘tion populates the hBh keV second exc1ted state. The M59 keV transition is of
the’ correct energy to connect the 1229 and l669 keV levels. “The two strong
trans1tions of 118 and L9 keV sum to 167 keV the difference in energy be-

tween the 1856 keV isomeric state and the 1669 keV level and e} probably go

in cascade from the former state-to’ the latter ; The order of these two tran51--uk

| tions is determined by the prompt (Tl/2 <l 5 X lO -9 sec) 272-118 keV coinci-

"ndences. Since the 8- to L+ (ground band) states are connected by the 1255 keV

El, the 118 keV El- M2, and the 49 keV trans1tlons, “the last of these must be

Mé (hlgher multipolarities are ruled out. by the llfetlme of the isomeric state):‘

vThe above pronpt'COincidences precludejath9‘keV M2 transition comingvbetween |
the 118 and 272 keV transitions. Thus a state isrdefined at 1787 keV,vwhich-:
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musf itself havé a measﬁréble>Lifetime,éin¢é iﬁ;dégayé by the 118 keV E1-M2
transition. However, we have not been able.tq measurebit.dué to the diffi-'
culty of working with the L9 keV transition. o 4.

The energy difference between the 859 and 667 keV transitions is 162 keV
which corresponds to the eneréy of the first ekéited state. This suggests a
levei_at 839 keV, which can then be connected with'the 1229 keV.level by the
390 keV transition. - |

Finally,-the coincidence meaSurements(suggest thét thé 930 keV'tfansi_
tion terminates at the 795 keV stéte, indicating a levei at 1724 keV. The 930
keV transition is aléovin.coincidence'with either the 112 or 118 keV transitions,
and conéideration of the~possible energy suﬁs showé it to be the 112 keV tran-

. sition; as 112 + 172k adds-to thevl8§6 keV iSomeric level. The alterqate POS-
sibility of a 906 keV intermeaiate state is leés likely, as discussed later. |
Th;é‘the level étructure shown in fig.r9'can be established réasonably
unambiguousiy.

Considering.next the spip, parity,‘and‘nature of the levels in 18uPt
populated by-these éide branches;‘we begin by noting thatvthé above-méntioned
sequence—183%6 keV, 8- (49 keV, M2) 1787 keV (118 keV, E1-M2) 1669 keV (1235,
E1l) 43k kev, 4+——defiﬁés tﬁé spihs of the 1787 and'l669 keV levels as 6+ and
5-, respectively. The 1787 keV state very llkely has K 6 as otherw1se it
would preferentially de-excite to the lower members of its own band by E2 and/or.
© M1 cascades (Whlch we could not'@etect),l Consideratlon of .the Nilsson states .
possible in this reglonlo) suggest thét tﬁé tﬁo-neutron stéte (5/2-[512],

7/2- 51&])6+ should lie low and reasonably near the (7/2 51&], 9/2+ 624])8
two- neutron state, whlch very probably (see below) is the isomeric level. Thls :

makes the 49 keV M2 transition correspond to the change: 9/2+[62h = 5/2-[512].
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This M2 transition has also been.seen'in l8lwv(366 keV) where its hindrance
over the single'pafticle &éiﬁe iév7 X lO? (ref,'lo); invthe pfesent example,
;the hindrance is ﬁhe same ﬁithin'a'faétor_of two.- S0 we shall'tentatively
assign the intermediate 1787 keV level to this two-neﬁtron 6+, 6 state.

The nature of»tﬁe l669_k¢V, 5— state is less clear. The lifetime of
this state ié less than 1.5 nsec (see abbve), which sqggests that 1t is not
(predominantly) a X = 5, two-quasiparticle state. It is not likely to have K
vélues'of 3 or . because then the (unobserved) rotationai1trénsition(s) ought
_to compete favorably with the K-forbidden El transitions. If this level has a’

" low K value, the implied low energy of the bgnd head would almost require a

: collective nature. .K Vaiues of O or 1, however, would tend to imply too long
a half-life for the (highly k;forbidden) M2 component of the 118 keV transition
from the 1787 keV level. Thus a reasonablé guess qu tQis state might be the
5- member of a K{=l2 collective band; hoﬁever; a number of other possibilities
exist, parﬁicularly if mixed stateé are'considered.

- Energy sums and cbincidence,experiments establish the‘112 keV E1-9350 keV
~ E2 branch; and since a 906 ker6-:or T- levelvis'not very plausible either as =
.two quasiparﬁicle-or a collective state, the‘altefnative of a 1724 keV 7+ or 8+
level iS\adOpted.‘ In'this case,_thé reasonably fast 950 QeV E2 transition to
the ground state band (Tl/Q <1.5 nsec) requires a low K value for this level and
correspondingly a low K Vaiue impliés a low-energy band head. Thus a coilective
nature is suggested for this band; whichlis supported by the lack of appropri-
ate Nilsson levels in thiS‘vicinity to form a low-lying 7¥ or 8+ two quasi-
particle state. This line of'reésoning sugéests fhaf the level may be a member
of the (K=2)'7-vibrational band.  If so, the 8+ assignmeﬁt is unlikely, as then
an E1l transition should'be observed from the isomerib‘state to the lower-lying

T+ level, and no gamma ray corresponding -to-.such a transition was observed.

o
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Several other transitions méy’be-plaééd so as to sugéest additional
members of this-band, but.solely on tﬁe'ﬁaéis of éﬁergy_sums. ;Thus, if the
Lok keV transition originates in the 172k keV’lgvél,_it wouldvdef;ne another
member (5+) of the band at lBOlvkeV'from which the 867 keV trgnsitioﬁ could drop_;
to the U+ level of tﬁe ground;state band, the energyvbf the cascade agreeing to
one keV with the difference in level energies. Thé 1301 keV level could also
be feached (within'l keV) by the 486 keV transition if it originates at the 6+,

' . ,

6 level at 1787 keV. A pgssiblevintermediate 6+ level could be fed by the weak
286 keV transitionvfrom the 1787 keV level and by the questionable 224 keV tran-
sition from the 1724 keV level. »The 775 keV_trénsition could de-excite the 3+
levél_of this postulated <y-band to the 2+ level éf_the ground band (the feeding
of this 3+ level from the above .5+ level would be obséured by the.strong 361 keV
trénsition), However, this scheme poses the problem of why no E2 transition is
obseived from the 1787 keV state to the U+ member of the y-band. Also one might
expect El tfansitions from the 1669 keV 5- state to thevy-band, and,tﬁesg are
not obsérved unless possibly the 55hvkéV éamma_réyldefines the U+ member of that
band. Iﬁ summary we can say that whilé the y—vibrgtional-band pfoposal seems
. iike a reésonable wﬁrking hypothesis for this braﬁch of_£he isomeric decay, -
more evidence is needed before making this assignment, A

-The sﬁin and parity of_thé 839land 1229 keV‘leQeis‘are éiearlyAindicatéd'
.to‘be 2f and L, respéctively,‘both‘by ghe EQ transitions .to the éround Band;
and by the gamma-ray cascades in wﬁiéh they are invblvéd. The energies of these
levels élmbst require a collective character, and tﬁe strong EO transitions
suggest that thié is the B-vibré£ionéi band. }t is of intéresfuto'see if the
simplified (y=0) centrifugal stretching model of Dafydov and Chabanll) épplies

to this nucleus as well as it apparently does to'thelmore deformed nuclei alréady~
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_ studied >
vu model for the energy ratlos between any hlgher member of the ground-state ro—l-w:
: tatlonal ‘band and the flrstvexc1ted state, E /E , as a functlon ‘of the "non- fﬂfﬁi';:g;
'adlabat1c1ty parameter 5 ulf Slmllar curves plotted for the beta v1bratlonal '
' ;band are. denoted by BI (the dash dot curves) For a good correspondence.between o
4f‘exper1ment and theory, the experlmental levels of a nucleus have to 1ntersect : ;ff,];””

" the correspondlng theoretlcal curves at ‘a constant value of u The “two other o

'are in good agreement w1th the theory as can be seen from the almost vertlcal

h;_llnes that connect the 1ntersect10ns for each of these nuclel

. relatlvely low 1n energy, as is 1nd1cated by the theoretlcal ratlos for the

- would be characterlzed by nearly the same- value of u at a; partlcular excltatlon S

'energy. In fact the proposed B v1brat10nal band members found in 18k mPt at

proprlate theoretlcal llnes rather close to the curve deflned by the ground state ;. S

band;members. R E S P N S

: *U@R@—iféﬂlgéi |

L 12), In flg lO are plotted theoretlcal curves (for y—O) from thls

K

82

nuclel studled-here, ? W'and Os, have also been 1ncluded on flg lO and

- For 18 mPt the values of u are much larger and a curve, rather than a
vertical'line, is obtained The former feature s1gn1f1es that thlS nucleus is

very soft".w1th respect to ‘beta- v1brat10ns, and thus, the beta band should lle

L
B band levels plotted in the flgure . We attrlbute the curve 1n the 18 Pt llne -

to: (l) the fact that the parabollc potentlal energy curve used by~ Davydov andl'

hChaban cannotAbe reallstlc in thls reglon of very soft nuclel; and (2) the gamma-flnﬂ L

v1bratlonal band is probably also low 1n energy and 1o perturbs the ground- state

- band energles. For reason (l), which' ve feel is llkely to be more 1mportant in v;

thls partlcular case, the change 1n the B band and ground state band ratlos would

C;be expected to deviate in the same,direction, and so;it‘might be‘hoped that Both c

”‘1229 and 859 keV are also 1nd1cated in flg lO and they do intersect the ap- ' 'fﬁ; .
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We can aléo éomparelfhé'bréﬁéhigg.ratibs of tﬁe:lgvels with the theo-
retical values.  For'the 1229‘kév level,.the theofy'at u=0.5 givesl5):
B(Ez;uséea)IB(Ez-uaeeg)|B(E2-u5+hg)|B(E2-ﬁaﬁ6g) 110|1[6 7[56 bonverting'
these to 1nten31t1es gives the theoretlcal values" |
W(EE;MB%QB)|W(EE;MB+2g)]W(E2-MBahg)IW(EE'hBa6g) 0. 72|1|1 510 ul whereas the
experimehtal values are: 0.9%0. h|llO 9%Q. B‘masked For the 859 keV level, the

theory gives: B(E2; 2aaos)|B E2; EBaOg)IB(EE 28e2g)|B(E2 2p-shg) = 28]1|2.9|1u;
which glveéﬂthe intensity. ratlos, taken in the same order: O. 12|l|1[0 37. The
experimental data are poorer here giviﬁg values of: unobs|l|<0 35|<O 5, where
the energy of the EB%OB tran51tlon is not known exactly SO that a llmlt cannot
be set. The E2 gamma-ray transitions, 2Bs2g (677 keV) and 2§ahg’(h05 keV), were‘
not observed, but limits could bé set.  These data are not very extensive nor
precise; however, theré-is gualitative égreement between the theory and. experi-
vment. Particularly good is the felafionship between the’rdtational transition
AHSHQB and the inferband E2 transitions frgm the h+llev§l. The Isfig transitions

are outside the error limits from both- levels. A'possible-explanatiéh would be.

i

admixtures of the nearby <y-vibrational band if_it has been;correctly'idéntified
. above; however, it does not seem reasonable-to expegt too much frém the theory
at thése L values since even the levei.spaciﬁgs.(fig; 10) are n@t gi&en.Very.
accurately. | -

The.Eb ﬁransitidn p?obabilitieé;éénﬁalS§;be compared wiﬁh thedry; vWé
define: | |

: W(e ; | ‘ o ;
IRESTS i- w  S
N ' W(EQ;IBAIg). \ A



;;dWhere | ( IB%I )'and W(E2 IB

and. E2 gamma rays, respectlvely, from the Igelg transitlon, and Ok(EQ) is the B

',.E2 conver51on coeff1c1ent for the tran51t10n., Then uK(E) and uK(h are experl-. p%fl“

mentally >0. 15 and O 058+O 012 respectlvely Theutheoretlcal~valuesl,) of_.

" 0. 48 and O 28, respectlvely, are several tlmes larger than the experlmental

B L
;.'values, as. has been found by Davmdsonl ) to be typlcal for nuclel in tnls reglon

Although the 81mp11t1ed (7*0) Davydov Chaban calculatlon is stlll clearly
. ' i

.ruseful for 18 Pt we do not propose that 1t w1ll be for all nuclel in thls-
i'vicinity. In the heav1er osmlum and platlnum nucle1 where the y v1bratlonal i

'band drops well’below thevB-v1bratlonal band ‘One W1ll have to take-expllclt‘;

- account of the 7-V1brat10ns, and probably by a ‘more sophlstlcated treatment )

UcRL16l65 e

- 1nvolv1ng the dynamlc varlatlon of y, rather than by the use of a statlc non_..-.,,

N axlal deformatlon~as rn_thevDavydov—Chaban calculatron;:,-_p' . o . .

5, . Discussion.t“

It ‘is 1nterest1ng to compare the 1someric states and thelr mode of de-»v“

exc1tatlon in the three 1sotopes studled : From the systematlc appearance of

the 1somers 1t appears that the states are)connected w1th an’ 1ntr1n51c conflg;';
'uratlon-of the neutrons. In Table V,arevsummarlzed.the-energles:of the deaa”
F‘:pexc1t1ng El.tran51tlons'of the“three 1sotones and thelr hindrance w1th respect
.”-to the 51ngle proton.value Also llsted are the addltlonal 106 neutron 1sotones

., 76Yb (ref. 15) and 17 l76Yb

182

HE (ref 16) It can. be seen that in g01ng from

IR

“to Os there appears to be . a mlld relaxatlon of the K forblddenness, a decrease

. B

in the hlndrance factor ' Thls is as expected for 1n g01ng from the deformed

,wf,

4

_ nucle1 to the spherlcal the valldlty of the K quantum number dlmlnlshes. vThe Lo

S ) are the 1nten51t1es of K convers1on electrons.:vi,‘

BT
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184

cause for the reversal-of the trend at = Pt is not clear to us; perhaps, some

other selection rule comes into play near the spherical nuclei.

178Hf at energies. of 1480 and 1148 keV,

2l

Two 8- states have been.found in
while in lBon an 8-,state has been observed at an~energy of 112 xev . ‘The
1148 keV‘and the 1142 keV states are probably due to a two-proton configuration
in 178Hf and l8OHf.re’spectively. Gallagher and NielsenlS)bhave assigned them
‘as the two-quasiparticle state formed from the Nilsson 7/2+[40k], 9/2-[51k]

178Hf

proton ortitals. These authors have also assigned the 1&80 keV level in
as a two-neutron state made.up of the Nilsson 9/2+[62u], 7/2-[51k] orbitals.
Gallagher and SolovievlS) found good agreement between the experimental energies
and theoretical wvalues calculated»on the basis of a model which applies pairing

A correlations to nuclei with a deformed core. | |

178Hf

-Tneir neutron configuration assignment of the 1480 keV level in
isv supported by the systematic occurrence of the 8- isomeric states in the three
106- neutron nuclei described in the present work - and in 76Yb, and these other
- isomers most probably have the same 9/2+[624] 7/2 514] neutron configuration.
'It is interesting to note, as 1is apparent from Table V, that the reduced tranf
sition probability of the de-exciting transitions from the two-neutron state
to the ground rotational band is 3 b orders of magnitude larger than that from
the two-proton state (in 18Ome) to the ground band despite the fact that both o
tranSitions have the same K forbiddenness."

In_l78Hf, wnere both twofquasiparticlevstates.occnr, tne two-neutron
state de-excites to the two-proton level by-anle'transitionl8); fhis.facto
suggests. a configurationrmixing'of the'twosstates. The_admixture is also sup-
ported'by_the intermediate value.for the rednced transition probabilityvof the

de-exciting transition from-the lower state. ‘Adopting an interpolated reduced



: 16
‘from thelr electron capture feedlng from 2 l hr. " "Ta.. Gallagher and Nlelsen ): -

B 76

',trans1tlon probablllty for the neutron conflguratlon from the data for Yb' and:y

180 W and the value for the proton state from l-80Hf we: can account for the tran-~

178

sition probablllty from the lower (proton) state in ° Hf by an admlxture of

;about 55% (O 6 in amplltude) of the neutron conflguratlon in the lower' level

Probably the most unamblguous ev1dence on the m1x1ng of these two levels comes

178,

. have shown that complete m1x1ng of the two levels is requlred by these data
':Thus three 1ndependent pleces of ev1dence suggest m1x1ng, and the two quantl—f"

'hiotatlve estlmates both 1nd1cate essentlally complete m1x1ng of the two levels

L.

’To completely mix . two levels 532 keV apart requlres a. large 1nteract10n and
-‘suggests that elther two quas1part1cle states 1n even- even nucle1 are generally
v more heav1ly mlxed than has been thought, or more llkely, thls case 1s spec1al

vdue perhaps to the [514?] proton and the [Slhi] neutron

Flnally, mentlon should be made of the fact that in the heavy 1on pro-.};”;;v_ﬂ :

184

'xductlon of 18'Osvand Pt performed in thls work the 8 8, 1somer1c level 1s P

+

populated in- beam to about 18% and 50%, respectlvely, of the ground band 8+

- level. Clearly, compound:nucleus evaporatlondcalculatlons,.to_be accurate,
must be able to accountfforhthis differentiation, ‘either by K{selection rules,

the difference in energy, or some other mechanism.:

o B e
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‘ Figure Captiéne:
1. .Conversion electron spectrum of ‘W, The long-lived background has

been subtracted.

-

2. Gamma-ray spectrum of Omw taken with a 5 cm X 5 em NaI(T1) counter..

The long-lived background has been subtracted

: 182 : ‘ ‘
3. Conversion electron spectrum of mOs. The long-lived background has
been subtracted.
182m . , ' N
4., Gamma-ray spectrum of Os taken w1th a lithium-drifted Ge detector.

The long-lived background has been. subtracted . _ ‘

5. Conversion electron spectrum of 18% mPt.. The long-lived background has
been subtracted. _ _

6. Low-energy gamma-ray spectrum of l8umPt takenrwith a lithium-drifted
Ge detector. The long-livedvbackground has been subtracted |
| 7. High-energy gamma- ray spectrum of* hmPt taken- Wlth a llthlum drifted
Ge detector. The long-lived background is not subtracted, but is shown as
a thin solid curve.

8. Basic decay schemes of the five lO6-neutrqn isomers.

9._ Decay scheme of l8umPts

10. Plot of the energy ratio. of the level hav1ng splnFI to that of ‘the

flrst excited state (1=2), E /E2, Vs W, the Davydov Chaban non- adlabatlclty

parameterll).' The approximately horizontal full_curves are the Davydov-

Chaban Values for the ground-band‘levels; the approximately horizontal

dash-dot lineS'are'the theoretical curves for the levele of'the B-vibra-. -
tional band. The nearly vertical full lines connect the experimental points
for the ground-band energies, and the dashed line connects the two'experi-

mental energy ratios for the B-band ih 18 Pt.




Table I. Transitions in lSOmw'l

']?ransitiona Ee__ and - Ie S 'K/L:g;;_;u ' K/L I b Oci' exp. oai theor.c Multi- 'Ti'an.siﬁion .
. (keV) (AsSignment) : exp. . theor.- . R 5 DA _ polarity . 1ntens1ty
- . ‘ B ' (E2) . x 103 . x 10 assigned : :

'floé;g”fj = 91,8(L),a;h6 i 5."~‘;f...""'. 19 2l (82) 213’-."_:'Eé:. '.'100120 :
: - 102.2(M) b R T o DT T T

233.8 16k (K) 1 2.1*¥0.3 .1.85 (100):  (10.7) «(E2) 10.7 - E2 11712 .
: 231.6(M)"
. 350.3 - 280.5(K)

- - 337.6(L) -

- 3h7.8(M)

- fégo.o:I _"I'3é6,5kx)_ ;
w83 378, 9('K)'

436.6(L) -
b, 8(M)

OF & PUO.

(EE) 5 0
(El) 1. o6

120 - 0.83
{OV:CE;SII.I;ff 5.8 17 1.7 () 2.10 'fvf*3éf?_:f5126$1észilfff :

B
o\n WO =NO 3.
oY
].._J
+
o
=
W
o

"'Elf"f 3;1?1i1é"

o.-o N
=
§)
1,

St

aThe error in the energy 1s estlmated to be +O 3% T T «
.bThe error in the 1nten81t1es is estlmated to be —10% r1s1ng to *20% for the wea'kes"cvvel'ec't;_i'en ':‘li_'nes'*_-_:
and for the 105 keV ga.mma ray ' = T T T

©L. A. Sliv and I. M Band Coeff1c1ents of the - 1nternal conversion of gamma radla’clon, part I and II PERERRETI

(Academy of Sciences of the USSR, Moscow, Lenlngrad 1956) as given in Report 57 IcC K1 and. 58 ICC Ll
' Un1vers1ty of Illln01s, Urbana, Illln01s ' . ' :

_¥§9i91-ngh.ff‘5



Transitions in

182m

Table II. Os.
Transition” E__ and Ie_b K/L K/L I® o exp. o theor.® Multi- Transition
(keV) (AsSignment) exp. theor. * 5 . o polarity intensity
' (E2) . x 10 x 10 assigned '
1266 114.6(1) - b2 348 121 (E2) 96 B2 111#00
: 125.0(M) 11 .
- 273;6_ 199.2(K) 7.5 1.9%0.3 2.07 (100) (7.5) (BE2) 7.5 E2 ‘112+11
260.9(L) 4.0 : : : '
o 270.1(M) 0.9 |
393.7 320.0(K) 3.3 3.3%0.7 3.1 103 3.2 (E2) 3.0 E2 108411
380.7(L) 1.0 ° . . : o . : ,
T 391.1(M) 0.k . -
f}tu83.6 : 409.7(K) 1.7 3.1¥0.8 = 3.7 o 1.85 (E2) 1.83 E2 " 9511
e k71.3(L) - 0.5 | - L S |
U 553.5 479.1(K)  0.18  6%1.5 (E1)6.5 95  0.51 (El) 0.53  El 96%11
L - 541.3(L)  0.08 R i | - ST

| a1The error 1n the energy is estlmated to be 0. 3%

b The error in the 1ntens1t1es is estlmated to be +]_O% rlslng to 20% for the weakest electron llnes and

for the 127 keV gamma ray.

°1. A. Sliv and I M. Band, Coefficients of the internal conversion of gamma radiation, part I and IIv
(Academy of Sciences of the USSR; Moscow, Lenlngrad 1956) as given in Report 57 ICC K1 and 58 ICC 11,
University of Illinois, Urbana, Illinoils.

.téa:
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Table ITT. Transitions in.;8umPt;-'

. . . b ) ’ T . ) b - o : : o ; A

Transition™ E,. and I,.- K/L K/L'c I o, exp. theo_r.c Multi-  Transition
(keV) -(Assignment) . : exp. theor.” ¥ o ., . polarity intensity
: o oo ' ' \,_(EE) = X 10 - x 10 " assigned S

J '56 2(LII) ‘ : o .

o1 8(LIII)

46. h(M)'_, SR

Cowe | e U S o [(z2) 58 S
e 53.6(1{)_ w s oan @ = S s

S @m0 s {(EE) 195, R Rt

S (B 5.

"118 - 39.9(x) 26 . ‘_ BRI {%Bﬁ% géoo ?ggz ﬁé : uéilo o
C0 e r(n) 100 L 150 .{(El) b1 e
CULLBG(M) ¢ e e

F
O
B

e ek 2 ogston o5 6 o <, 0 m | woms
o ey w8 oo W (m) 36 T
o 159{9FM2:5_‘8 ﬁti;?g.i_.-’;,“,ﬁfg‘;a;_" B P
212.2 0 0 193.9(K) ‘8 70 1.8%0. 3 182 100 87 ()T E2 TISHBL L
269.5(M) l.Ll-‘l' ‘

6.5 208(K) . 0.5 '::_ R <2' ' So5 . (M1).29 o B

B
B
O\
‘_J
(@)
N

(cbntinuéd) o




Table III. Continued.
Transition” _and  I.° K/L KL, I b o, exp. @ theor.® Multi- Tramsition
(keV) : (Ass%gnment) exp. theor. o é ‘polarity intensity
. (E2) x 107 . x 10 assigned -
' _360;8 . 282.5(K) 2.7 2.7%0.k4 2.6 ‘ '(7;) (3.8) = (E2) 3.8 E2 75%10 '
' 347.6(L) 1.0 '
. .389.5 311(K) 0.18 7 2.6 (82) 3.2 B2 7.5%5
?puéu e 5 513
431.0 352.5(K)  1.59 3.2%0.6 5,55' 67 2.k - (E2) 2.6 Eo 69110
518.0(L) ~ 0.50 | | | i
: U o _ , Y
_2439 o 360.6(K) 0.3 5.3%1.5 (ii)%féz 24 1.3 (E1) 0.92 Bl 2kise ’
S " 45.2(L)  0.06 e | ' | :
486.5  bo8(K)  0.33 - 11 3.0 - ggég g:g 11,423
ssh - ~472(K)1 ',.fp.os 5.5 <0.91 Egé% 2:25 E12 5, 5%
1616.1 C531.7(K) 0.235 6k 0.37 (®1) 0.6 . EL 64210
676.5 508(K) 0.24 - <1.5 - >16 (M1) 2,9 "~E0(+E2): <1.8°
~775 ~697(K) ~0.02 1.9 ~1 (E2) 0.7 E2? - 241

- €9T9T-TdON

(continued)



Table ITI. Continued.

Transition™ Eé_'and.f I K/L KL . I b o exp. Qi.thebr.c- Multi- * Transition
(keV) (AssSignment) . exp.  theor. v s - o ‘polarity intensity . =
S : : (E2) . x 10 x 105 assigned ..

196 M) 033 73 ks {Eﬁi; 'S{S7 o Eo-E2 - T.TR

S T 008 . k3 ol (@Joe m him o

: 7' . TS 008 o 58 051 {EEI% 8 gge'._h*%_f@;_7?578%?,;§]jjjj‘lfiﬁTi( -

930 . 85L5(K)  0.087 1 T ;"“éQéd,i (E2> 0: 50,"‘f7fE2;‘;,ﬁ57§uié-

81I‘he error in the energy is estlmated to be +O 5% rlslng to tw1ce that value for the less 1ntense
.1trans1t10ns T gA B g-- ;1 Do TR -T-,‘;e‘ L »;_ .ii ‘

1bThe estimated error in the trans1t10n 1nten81ty is. 1nd1cated in column 10, and in most cases thlSv;
_:reflects the error in the photon 1nten51t1es The error in the electron 1nten51t1es is normally
jabout the same. - o S - o

L A, 8liv-and I. M. Band Coeff1c1ents of the 1nternal conversion of gamma radlatlon, part I and II,
(Academy of Sciences of the USSR, Moscow, Lenlngrad 1956) as glven in Report 57 ICC K1, and 58 Icc Ll
Unlver51ty of Illln01s, Urbana, Illln01s . R . .. , . :

f'§§i9tﬁqabﬁfzﬁ7‘r‘j?*}



Table IV. Angular distributioﬁ measurements.

Transition

Coincident

Theoreticél

Theoretical

Theoretical‘ -

Experimental Theoretical
channeled transition value value for value for value for value for
(kev) (keV) 8(1)8(2)6(2) 9(1)8(2)6(2) 7(1)8(2)6(2)  4(1)u(2)6(2)
, L(2)2(2)o Lh(2)2(2)0 L(2)2(2)o L(2)2(2)0 .
A, A, A, | A, Ay
18Omw
é5h" | 350 + 390;' +o.13io.o6 +o;13é . 40.02L +o40102 _+o.12f
234 o L8 +0.12%0.05 +0.102 - 40,102 +0.102 2 +0.162 .
350 + 390 103 +0.19%0.10 +0.132 +0.,024 +0.0102 +0.127
350 + 390 2347 - +0.17%0.06 +0.132 +0.024 © +0.0102 +0.127:
350 + 390 . 350 + 390 . +0.21%0.07 +0.169 -0.0715 - -0.102° +0.1585
.~ 350 + 390 48 +0.18%0.06 +0.132 ~ +0.02k4 +0.0102 +0.134%
g | ‘ | 182mos
48k 4 BB 127 . +0.13%0.06 40.153 +0.02k +0.0102 +0.160
U8 + 554 .. 273 +0.09%0.05 _ . +0.133 +0.024 +0.0102 +0.160
WL + 554 394 - +0.12%0.05 +0.133 o +0.024 ~+0.0102 +0.160
48hk o+ 554 b8L -+ 55k . +0.22%0.06 +0.169 .. =0.0715 -0.102 +0.10 -
| 18,Lm]Pt: ' |
272A‘f' 16 40.18%0.07. +0.102 - +0.102 +0.102 +0.102
272 361, +0.13%0.05 +0.102 +0.102 +0.102 -4+0.102
272 k= +0.13%0.05 - 40.102 ©+40.102 +0.102 +0.162
272 - 610 - 40.19%0.05 +0.169 -0.0715 -0.102 +0.159
" 610 . 162 +0.15%0.10 +0.169 -0.0715 -0.102 +0.159
610 272 +0.25%0.09 +0.169 -0.0715 - -0.102 +0.159
610 361 -+0.11%0.09 +0.169 -0.0715 -0.102 +0.159 .
610 L31 +0.10%0.09 +0.169 ~0.0715 -0.102 +0.10

ST
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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

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 1in
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.








