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Influence of Coriolis coupling, pairing, and octupole vibgation-particle
coupling on &K = -1 El transitions in LT Ty e*
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Abstract: A fit of 1 &K = -1 El transitions in TTar to within 20% of experi-
mentally derived absolute intensities was achie&ed by éonsidering the principal
~and Coriolis-mixed El1 components as threé adjustable parameters. Subsequént
‘theoretical calculations using‘Nil;son wave fun;tions aﬁd including the effects
Of‘pairing, CbrioliSICOQpling;.aﬁd octupole vibration-particle coupling yielded
. | . 177Hf.El inténsitiésw' Only one adjust-
 .able parameter, the'octupole vibration-particle éoupling strength, was used in
the microscopic calculétions. 'Three new transiticns including tﬁo new El's'have_
177.m.

been observed in the decay of Improved‘El relative intensity measure-

ments are presented for comparison:with theory.

i
£
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*The work supported by the U. S. Atomic Energy Commission.
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1. Introduction
The strong influence of Coriolis-admixed components on the AKX = % 1
. . . , : 1,2)

electric dipole transitions in odd-mass deformed nuclei is now well recognized*’

Several authors have considered the effects of Coriolis mixing in attempting to

~ explain anomalies in experlmentally oogerved branchlng ratios of El radiation.

Lthough c0ﬁ51derable success has been *eallzed in predicting and accounting
for E1 branching ratios that strongly wviolate Alaga's rules, relatively poor

agreement with experiment has result ed from all att empus to explain guantitatively

- the absolute El transition streng*hs.

The 16 El transitions arising from the decay of 161- dayj) 177Lu to high
77

Hf provide an exceptionally rigorous experimental test for

theoretical study of &X = 1 ELl transitions. _As'is typical for this class of E1

transition, the'Nilssoh hindrance factors FN = B (El /B (El) for the 11 Tur

El's vary I om near unity in several cases to ~lO5 in the case of the well-known

321-keV transition between the 9/2 +_[62h] and 7/2 - 51&] band heads. Such wide

variation in El transition rates between the same intrinsic states cannot be

explained in terms of simple transition rate theory.

t can now be shown that it is possible within the framework of the

- unified model to successfuliy account for the absolute El transition strengths

177

in Hf to a relatlvely small margin of error. The method used in the micro-

scopic calculations 1n¢olves consideration of Corlolls-mlxed E1l components,

pairing reduction, and colléctive El components»arising from octupole vibration-

177

* ' :
particle coupling. Improved experimental data for the Hf El's are presented

for comparison with theory.

We have recen*ly recelved a copy of the thesis of R. Plepenb*lng (University of
racsbu*g) in which the influence of collective octupole components an]AK| =1 El
transitions in odd-A deformed nuclei is discussed using a somewhat different

approach from ours, but we have not had time to make & detailed comparlson in this -

article.
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2."Deduction of‘EXperimental E1 Strengths in TTTae

Because of the wlde varlatlon in E1 strengths in 177Hf we have'expended

j‘conslderable effort in an attempt to obtaln the best p0s51ble eyperlmental
- . measurements for the relat;ve El intensities.. Slngles spectra of the'decay of
. 7’-{Lu. have'been-taken.using the anti-Compton Ge(Li) spectrcmeter at Livermore

(71 cm5, resolutlon 1. l keV at 122 keV) and a hlgh resolution (0.77 eV at 122

- keV) Ge(Ll) crystal in our laboratory In fig. 1 we dlsplay_a‘portlon of‘the

Im. ganma ray spectrum taken on the ‘anti- Compton dev1ce The‘faVOrable-peak-

L to background'ratlo obtalnable'has enabled us to 1dent1fy the 88.4-keV E1 transi-_"

'5'-t10n between the spln l9/2 members of. the two v77Hf rotational bands. Moreover,L

the L2, 5-keV Ml-E2 cascade trans1t10n leadlng from the 21/2 to the 19/2 spin

":'level of the K = 7/2 - band- ‘has also been observed with 1nten51ty (0.32 * 0. h)%

vrelativefto the lO5.h-keV)line Figures 2 and 5 show llnear plots of the 88.k- -
”Jland 2h2, S-ReV'photOpeaks. The hlgh-resolutlon  spectra taken on the 1 cm2 X. 9 mm
-‘depletlon depth "thin wlndow Ge(Li) crystalhave facilitated the conflrmatlon of
~:the_6972-4eV El trans;tlon tentatively assmgned earller%) andhave allowed rnore
"accurate Measurenent'of'relative intensities for:several previously reported
. El's -In flg.vh ve show the linear plot of the 69 2-keV line. Flgures 5 and 6 show.
.d,two partlcularly 1nterest1ng reglons of the 177 - spectrum The 117.2- and
145, 8-keV El's seen in ref. h) as only poorly deflned shoulders on the ll6 0-
and lh7 2-keV llnes are now resolved. The second partlal spectrum shows that
the very weak 283. h-kev El is nearly resolved from the 281. 8-keV photopeak, and
t.;the El doublet at 292 keV now clearly shows the 292, 5-keV line to be weaker than
‘i; the 291 N keV El " In flg 7 we dlsplay again for reference the now well estab-
| 177Lu .

lished decay scheme of Wlth the exceptlon of the three transitions



Tw

-5~ UCRL-17504.

177. n 3)

-added from the present work and the slightly altered half-life of Lu,

the scheme is exactly the same as reported aﬁd modified by earlier workers
Table 1 showé.the composite relative intensity data for the 14 E1

transitions observed to date. Also shown are the derived experimental values

of B(El). The lifetime of the 321-keV level has been measured by Bgrlovich,

et al.8) to be Tl/2 = (6.910.5) X lO-LO sec. Using this value and the M2/El
| 9) . -

" mixing ratio 0.18 for the 321-keV El, it is possible from relative

ihtensity measurements to caiculate directly the reduced strengths of the three
El's . leading from the 9/2+(624] band head.

All 6ther values of B(El) “have been derived using the rotational '
model of Bohr and Mottelson, assuming Q,O = 6.85 barnslo). For all 'El’sb
except those leading from the -ll/2+ member of the K = 9/2+ ban@, crossover
E2 1intensities may be used ﬁo'deduce B(El) ‘fpr transitions from a given
levei. For ﬁhe El's leading from the ll/2+ ‘level5'values of B(E1) were_l

ﬂerivéd from the rotational ML1-E2 +transition strength of the 105.k-keV

cascade Y’ ra& taking (1/62) = [Ty'(Ml)]/[Ty'(EE)] = 8.7 by extrapolation

~

"to spin 11/2 in fig. 8. In contrast to the similar analysis first pérformed

77

for - Hf .by Alexander et al.5)‘Which neglected the effects of Coriolis

mixing in the 9/2+[62k4) baﬁd, we have nbw taken into account the contributions.
of Coriolisfmixed components to the intraband transition strengths. The wave
amplitudes for +the Coriolis-mixedvcomponepts.originating,from @he i15/2

shell model state were obtaihed:by Holtz in a matrix diagonalization. The
procedure used reproduces theleXpérimentally observed energy levels of the

177

rather strongly perturbed Hf 9/2+[624] vand to within less than 0.4 keV

11).

by varying the effect;ve size of the_off-diagonal RPC matrix elements

£,5,6:7)
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“5._ l77qf El Transitlon Strengths in the Unified Model
.it_ha§ been:shown by Grrn.and Pavl;chenkovl>. andAby Vergnes'and
' Basmnsseng).'using‘analyses-equivalent'in their:conclnsions that a.simplep
‘dadfirst orderlperturbation.treatment Whichfregards_the principal and Coriolis- -
"}tmtxed .177Hft Ei matrix élements~as two-adjustable parameters can explain
‘qulte successfully the observed El branchlng ratlos In fact, the rore -
"complete analy31s in ref. l)_ showed the general valldlty of this treatment .
- in explalnlng the- anomalous branchlng ratlos of K] = l‘_E; s in odd-mass . "
fdeformed nucle;._.In flg..9)_we show the'results'of such-a'simple treatment
’ | 1TTye ‘ B

‘applied to the . T''Hf El 'intensities.from this' work.

As 1nd1cated 1n ref l) the terms whlch shonld,betconsidered up to.

'“‘._flrst order 1n the analys1s of ‘the '177Hf El s “are the‘folloWing:"l)v the.

~pr1nc1pal 9/2+ 62&] -97/2 [51&] component '2)h the Coriolis-admixed

(K'7/2+) —;7/2 51&] components, 5) the 9/2+[62h] (K—9/2 ) COrlOlls- ;g-

Q;jadmlxed components We have obtalned an estlmate of the wave functlon

;,‘coeff1c1en+ for the Corlolls-mlxed 7/2+ 653] component in the 9/2+[62h

”fr_band from the band-;lt matrlx dlagonallzatlon mentloned earller The mixing"p N

" of X = 9/2- components 1nto the 7/2 [51#] band was estimated by a simple

Vﬁohfﬂrst order perturbatlon treatment Usé of the normallzed 1n1t1al and final
.wave functlons and treatment of the El matrlx elements as three adJustable.
parameters ylelded a flt to- w1th1n 20% of the experlmental absolute EL
transition strengths Flgureslo and ll show the normallzed 5-parameter
| “»flt in comparlson w1th the 51mple 2-parameter treatment and w1th experlment
‘ The qualrty of the fit thus obtalned prompted an attempt to account

" for the observed absolute El strengths withln the framework of theuunlfled model.
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12,13,1k4)

Recent aevelopment° 1n the uheoretlcal 1nterpr° tion of the collective

octupole vibrational mode in'deformed nuclei and its apparent application to

15,16)

the AK‘= 0 class of El transitions have suggested a similar important
influence on ]AK[= 1 El's, ;ll of which appafently have relativély large

LK =0 Coriolis-mixed components,

In our calculations we have ;ollowed the - approach of Faessler et al 16)

who suggest the vibration-particle coupling Hamiltonian
. . o
: HVP - "\h Wo O"3°Y. Y::,o(e’cp>

ﬁhich for & =0 El transitions mixes.the octupble band of the final
stafe with the *nluldl state- and v1ce-versa. . The only other guantities

neéded for thé calculation are-the octupole zero-point amplitude, <85> =
ﬁ/ffgggﬁ_,-and the collectivé E1l strength assoclated with fhe octupole

vibration, (E1). - Experimental data on both B(E3) ~and  B(E1) for

coll
transitions between the first octupole band (K=0-) and ground in even-even
nuclei are extremely scarce in the rare-earth region. However, the recent

13)

' publication of Donner and Greiner - offers.estimates of the collective dipole
and octupole strengths in this region. In this work, the El strength is
derived by means of‘the Dynamié Collective Theory whereby El <transitions

of the octupole states are supposed to arise from small admixtures of glant

dipole resonance. The pertinent relation given in ref. 13) is

ch)__s-wxlo AC. (T,100lT,0) (1)
B;ED | | |



s

where -Co '1s the glant dlpole wave functlon admlyture coefrlclent for the:

| ,(K -O—-)K =0" ), lx -J 1_0 class of El's.

_ , , o , _
Adopulng the general approach suggested by Faessler et al é)and assuming .

177

d'E5—l 2 NeV we have calculated the reduced tranSLtlon strengths in Hf taking
“into account palrlng reductlon, the 1nfluence of the Coriolis RPC per urbaulon,
' and the second order vibratlon particle perturbatlon whlch mixes the 1n1t1al and

v"~f1nal states of the AK= =0 B components
1'-'

The total 1n1t1al and final wave’ functlons assumed are of the follow1ng B

form:

T = i) i et res)y

'+ Z {“La(«ﬁ) ‘Ia (-FN Q:L-F) o> . (2')

-Q-, )y &

+Z 7? (43)\ (-F) y -O-\c(‘)“o 3.>

-"-ﬂ-)
where n is the number of octupole phonons, the Qa represent the s1gn1f1cant
"T: Nllsson s1ngle partlcle states Q[Nn A], -and the u» are_the‘admlxture.coeff1c1ents
for the Corlolls-mlxed components.- The coefflclent'v,n of'the octupole vibration-
partlcle mlxing is glven, for example, in the. case of second order mixing of Ae.

"fu octupole band of the 7/2 [51&] (ground) state 1nto the lnltlal 9/2+[62h] band by



7. = —-.:)Zli R’ (3:..'- _n_.‘——"—-;-ex‘ n=0|x, j-| T - . =La(6247; n—O>
P 25 iy i =TT =iy A A= g TIT
<E3i. ~[eay] — E:lia,oa) .

R<I', 3:{;1"'{5'“*‘3;“:1} Hv‘?‘133ﬂi=3£°<‘ﬂn=°> ()

Eg-e'-[ai%] - [E%'—CS'WJ + E3}

The pair reduction factors R'=(U1U2+V1Vé);'and R = (UiszVlVQ) fefer to the
Coriolis and vibration-particle matrix elements, respectively. Normalizatibn of
the entire wave function is of c§ursé requiréd.
Counfiné both collective and'singlerarticlé components a total of some
35 terms has been cohsideréd, of wﬁich perhaps 10 are of major significance.
These terms iﬁclude: | |
1). The priﬁcipal and large EOriolis—mixed single—partiéle components which have
small G(E1) values in the Nilsson model, e.g., 9/2+[éau]_>‘7/2-[51u3, 7/2+(633]
'—97/2-[51M}; 2) Single-particle cqmponenfs arising from small Coriolis-mixed
wave components but with large allowed G(El) values by the Nilsson selection rulgs,
e.g., 9/2+[621+]-+9/2,-[51u],‘ 7/2+( 624> 7/2-[514}; 3) The collecﬁive octupole El
_components-arising from vibration-particle'coupling; these terms dominate for the
.AK=O components. We are gratefui to Profs. Aage Bohr and Ben Mottelson for calling
our attention To £he pdssibie importance of the terms of type 2)-abov¢.
Since the relative phases'of the collective El components are not known, -

we allowed that these be arbitrary.' t was found that a single phase of the same
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. 31gn as the 7/2+[655] —97/2 lh]> 51ngle partlcle component gave the most

'”_satlsfactory results

In the mlcroscoplc calculatlons, e have allowed varlatlon of only
the single parameter (a )5 the octupole amplltude Pairlng reductlon
ﬂ;'factors have been calculated assumlng k the chemlcal potentlal to be at

"or near the energy E, _of the ground state 7/2 [5lh] Nllsson orbital.
7)

Ikegaml and Udagawa have shown that the palr reductlon factors (U )

for electrlc multlpole tran51tlons can be estlmated from emolrlcal data on

" the basis of odd-even maSS'dlfferences and the y—ray tran51ulon energy. Their |

. T , . o -
method -is based upon the approximation E2 = A which implies_éie_; A

Assuming this condition is met for the deformed nucleus '177Hf, we have -

"calculated the pair.reduction-factors -R :from:eXperimental'energy.levels.’

‘where known, and from the 31ngle-part1cle energles glven in ref l9) in‘all"i |

other cases. For the gap parameter o we have taken the value 0.60 MeV. -

The experimental odd-even mass difference P xp is ~O.66 MeV for”_l77Hf,\

“but - A is generally expected to be somewhat less than Pexp 18) All calcula-
L 177

-r

. wave- functlon coeff1c1ents were obtained. by a quadratlc 1nterpolat10n between

'tions have assumed deformatlonv-n—= 5 for Hf " The pertlnent Nllsson‘

:q 2 h» and 6 u51ng the Nllsson coeff1c1ents 1n ~ref. 20) The rotatlonal -
constant hg/QS has been taken from adgacent even even nuclel as ~15. 4 AeV |
| Table.e .shows the results‘of our calculations for 177Hf together.»ey_
. with the valueS'of B(El)‘ calculated usinghthe simnle 5;parameter fit de-v
scribed earlier. -Absolute values of B(El) obtained for uhe approp iate
choice of (a5). in several cases of 1nterest are dlsplayed Column 1 (NC)

. of the microscopic . theory shows the results obtalned when all assunntlons

L
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with regafd to Corioiis mixing and pair‘réductioﬁ are taken into accouﬁt
and the éalculations are performed within the Nilsson model, but no octupole
"mixing i1s assumed. Thefe is cleafly little relétion between these resultis
énd experiment. Columns 2 " and 3 (NCQ gnd NCO') show the results for a
similar calculation as column 1, but ﬁiﬁh inélusion of the octupole-particle.
coupling influence. 'In column 2 are giveﬁlthefrésults for the strict assump-‘

tion A = This predicts R. = 0.42 for the principal single-

7/2 “lh 0.

particle component 9/2+[6h2]_—a7/2-[5lh]. In order to give agreement with
experiment for the'highly hindered 321-keV XE1, (aB)l_must be adjusted to

0.170. However, the apparent value RO indicated by the 3-parameter fit of

data is ~0.34. In column 3 (NCO'), therefore, we show the results for

= 60 keV above - 0.34 and (a,) = 0.1k2. Clearly, the

7/2 [51k)7
calculated SUrength ¢or the highly nlddered 521 keV E1l is extremely

sensitivevto the choice of Ro and to ‘(aB). This sgnsitivity is a conse-~
~quence of near cancellation between compénents opposite iﬁ‘phase. In'geﬁeral,
" however, the remaining transitipgs‘a}e much.less sensitive £0 (aB), although

the ;alculated branching ratios are father_easily upset. Theivélués>indicated
for (a5) are in theArange_ O.i - 0.2, consistent with the'octupoleAamplitude ‘

13)

In column k4 we include a tabulation of results

2)

1 expectedvin this region
using pair-reductioﬁ factors obtained by Vergnes and Rasmussen from a
solution of the . BCS wave functions for N ¥>105. The agreement with experi-
ment in this case, though'still within an order of magnitude, ?s much poorer
because the orbital energies §%deiffer somewhat from the best valués_for ﬁhis
pa 1cular nucleus ‘and uhls BCS solution predlcts RO = O.l?,

Finally, comment should be made concerning the apparently excellent

quality of the fit that was obtained without use of Nilsson wave functions
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.51mplv by adJustlng narameters whlch were assumed proportlonal to the three
El-matrix elements that-contribute in first order Coriolis mixing.' It can be
-_ea51ly shown that the effects on relatlve B(El) values-due to all first- order

(AK—O) correctlons should be expres51ble by a s1ngle addltlonal narameter it cOrlolls
mixing"is treated'only“by.flrst—order perturbatlon theory; w1thout;renormallzlng h
wave functions.:lButlthe interrerence from HNK =0 components is so large ln- |

- this case,that first-order perturbation treatment of the CorioliS‘interaction

Ty
ol

;ls 1nadequate.‘ When'normallzed Coriolis—mlxed wave functions from a full

matrrx dlagonallzatlon are used‘ however, the two parameter theorJ no longer
'_gives the llnear;plot in flg; lO and'much closer agreement.w1th experlmentf
"ls oh‘ained Moreover, the thlrd parameter 1s _now not redundant, and can glve’>:"

;:Stlll better flts w1th experlment.

It is 1nterest1ng in thlS regard.tOVcompare'the'values for the three |

_ parameters M M, and M2 uSedlin the experimentalffit with the-variousvi
" contributing %erms : : I
/calculated from theory 1nvolv1ng the octupole v1brat10n-part1cle m1x1ng “The .

results of such a comparlson are shown in table 3 for calculatlons assumlng

7/2 [5lh , and RO = Q. 3M Slnce the parameuers O’ le

l_and' M27 were adJusted to the strengths of the three El's leading from the

;f60 keV abdve

.?9/2+'62u] band head the calculated values are shown as they apply to one
| partlcular uran51tlon, the 9/2+ —99/2- 208 keV El for which all flrst order |
':Corlolls-mlxed components can contribute. The agreement is qulte good for
':ithese low spin states, but for-large splns the higher order Coriolis-mixed
'v”single-particle comnonents complicate matters somewhat.liln'fact, in our -
"calculatlons these small components are responslble lor the 1ncrea51ng dlscrepanc1es

between the theoretlcal and experlmenual values of B(El) as hlgh splns are
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approached. It should also be noted that there are significant collective
components arising from the parficle transitions 5/2+[6h2] - 5/2-{512] and
:5/2+[6hé] - 5/2-[523). Because these éontributions are nearly equal and
opposité in phase, £hey are of consequence only for high spins. The quality
of the 3-parameter fit for high‘spin statés ﬁas thus appgrently somewhat
fortuitous; and resulted micro§copically from a cancellation of sevéral terns

important for large values of the spin-dependent RPC matrix elements.

L. Conclusions ‘

The geﬁeral applicabiliﬁy of the interpretation of |AK| =1 £
ﬁransitionslin terms of Coriolis coupling, pairing,iénd vibrafion-particle
coupling remaiﬁs to.be Shown; but the results of our éalculétions for the

: nﬁcleus 3177Hf ‘indicaﬁé‘that the theoretiéal‘basié for the quantitaﬁive
interpretation cf Ei- transitions in odd-mass defofmeé‘nuclei is established.
More accuratevknowlédge of fhe pairing reduction factors and of the collective
stfengths B(EL) and - B(ﬁé) in odd-mass nuclei ié essential to confirm the

- validity of oﬁr.treatment. In the'caée'of 177Hf,.direct experimental meésure-

ments of additional El lifetimes.would bé desiréble, though presént limita-

tions in electronics make such measurements extremely difficult if not impossible.
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f‘tfffTabléVl., Experlmental relatlve 1ntensit1es and derived reduced

" transition strengths for Hf El s

1nltial o fieel .. B ;f';;intensitya T B(R1) V5’ |

A - spin _"jm3<fff“'""sPin-fntzﬁffft'(QZV) o B (MeV-;m))xlO

R T
R L L g2
CUsae
0. 66(5)
Ihfflo 3(7)

3137

ey
116(9) e
5h3(3)

if;E;l'i(l;B).t
CoTo(m
T gy
Se(9) . L
S 8.6(2.9)

' '}r;l,o(efO).f -

“o19/2
;ﬁ;i9/2f,i;» Co
| ’21/2fﬁ3,¢$;;;f’

"T.aNormalized to. 105 k- keV‘yray 100. .For most Ge(Li)'deteotorslwlth thicker
© windows than ours, this is an: unfortunate choice for normalization,- since 105

. -keV does-not fall in. the near-exponentlal region of the efficiency curve.  This -. .

n"may account for part of the discrepancy between our measured intensities for . ~the
~. ., strong lines and those quoted in ref. . In general, we measure Iy about 10% ,
']f,greater than ref. 4 for those strong llnes > 200 keV in energy.v

i




-15- : S UCRL-1750k

177

Table 2...Theoretical §a1ues of B(El) for = Hf
o , . | reduced s%rength B(E1) (Mév-fm5)x105
igizial :;2?1 ?;iarameter S microscopic theory experimept
K=9/2+ X=T/2- ,
| _ ne® neo® neo'®  meopes®
9/2 1/2 0.03k4 3.4 3 0.031 0.058 - 0.03k 0.03k4 (k)
9/2 . 9/2 | ,7.5 o T 074 20.0 6.3 - . 2.4 9.2(6)
- 9/2 112  ‘ 3.5 0 0.05 6.5 3.9 o 1.6 3.1(2)
/e 92 oy 21 069 ode 0T 0.6(5)
Cnuje 1)z E 9.7 ;_”_f'o;87‘1 2.4 7.8 2.9 10.3(7)
.11/2 132 3 ,' ‘7.52 : ff‘lo.o6'a 11.5 ”,'f v6.9  ;. 3.1 | '
.15/2 11/ o 2.6 L3 3.5 23 2.3 L 2.32(13)
a3/ 132 {:1°°i';v:ff; 0.77 - 11.9’v1f; TR f 2.8 11.6(9)
15/2' . 13/2 } '  5,0 o  vo}7u f‘ 7.0 ':'[‘hpéli . ok R 4.3(3)
15/2 _i5/2 9T  .'_‘. 0..59  104 - ‘_ 6.&   23 | . 11.5(1.3)
17/ 15/2 730 .03k 107 72 68 . T.0(1)
172 112 B9 oMo 8.6, 52 19 gk(au)
19/2 | 17/2 - 8.2 0.1k . 15.6_:jf 1‘9;2 1 9.1 8.9(9).
19/2 19/2‘." .._7.9’_{1,1 ’ofzu”. 6.8'. ff‘ 4.0  . | 1.4 ' 8.6(2.9)
‘4_ 21/2 19/2 11.0 [;V i 0.01'1.16,3:_h'- 1.2 | 11.8 11.0(2.0)
Co1/2 21/2 6.9 o 640 5iﬂ'. 2.9 0.93

“Assumes A= E;7/2 [51k4)° <°5> =0, and R (U9/2+[62u] 7/2 [51h V9/2*r62u] 7/2 [514])=0-42
/2 [51u , (a )=o.17ov R, _o.he

b




St mavle 3.

:.;516-.-'

Calculated contrlbutlons to the experimental parameters MO’ M

(for the I _9/2 I _9/2 trans1t10n)

UCRL-1750k

T and M

initial |
- band

. vand

,flnal octupole, _»mxxxng
: pnonons'-[ecoeff

f-ni . product?

e ViVe)

El matrix
o element

| product

"f;g/ef[ézh] o

‘“-ffj/e+{633j:

S aped e

S

Con

T

| L

. ‘f*ig/eetsluiﬁiiogi::

- n,
7/e-(514]) O O . 0.96 0.3k

| L8310

S o
3 oew.

N %”,ffi7-7 35102
i ﬁﬁ}to;6ﬁ;ilax'.6.2xlo«

”\?'i?7L5x10'2'5

‘ﬂ§6 3x1072 0,

31f!iﬁf»~“'

.'€:7.§xlo
usart
' ,,_3 5%10 3':
"._7 910 h;}‘g

Llfxﬁ-l;hxlo 3

Zos1 i

ExperimentaJ.JI (1 1) K, (K -1) M
T = T.3X10°

0.5%
: “fﬂ-7.3xlbi2""

L Txa0TE

'1.7><1_c>'-2

4€e~-7.3x10;? )
S
C0.56

2. . e

ﬂ-743x10-2'”
. -Y Sum=0C. 96xlO

fa{f,-5 hxlo 31}:'
i 2.

Tk

Sdm'

5.5%10™7"

;evExrerimental MO=5.5x1073_

-3' - . ]_,2)(1_0-3

73'7XIQ-5 =
U 6.5xa07  "
;j;1.6x10‘3v
-1 2xlO-A:
_-2 2x10 b
- 2.5x10 -h
A—6 hxlo

-1. OXlO

-5
)
=
= 3xM,=1.0x10 -2
~1.9x10 h‘
',-5 5%10 -k
-l
~9.5%10™
-l
5.x107
5.8x10™
10Tt
=‘-o ohx10™

ExperimentaJ.Ji (T +1) X (K +1) My=3xy= -1, 3x10™

Represents the wave functlon coefflclent product for the 1ndicated 1n1t1al and

flnal particle or particle-phonon states

bror_partlcle_components;JB;uw e o
derived from eq. (1);

(ﬁ/Mw )1/2

We have asthimed e orf = (Ze/A)

G(El), for collective components, R
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Figure Capt*o
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on *70-250 keV st owing the loca-

“he AL 0 cless of

. - 1 mo,
Fig. 1. The v-ray qpnctrum of “!'1u" in the regi
tion of the 2b2.5-keV cascade transition = _ X
Fig. 2. ILinear plot of the 88.4-keV E1 v ray from an anti-Compton spectrum of
77w :
_ 'Iu" Gecay. (Scale: ~0.080 keV/cbannel)
Fig. 3. Linear plot of the 2i2.5-keV <y ray from TR ge ecay. (Scale: 0.080
keV/channel)
T‘-i in ";f anw w) ke - £G 1 -e A v = 177 m . 0.0 8
Fig. “. Linear plot of the 69.2-keV EL ¥ ray from Iu decay. {Scale: .03
¥eV/channel)
Fig. 5. High resolution Y-ray spectrum o 7Lu in the region 10C-150 keV
o ; 17T, : «
Pig. 6. gh resclution y-ray sppcurum of T''Iu in the region 275-330 keV
Fig. 7. The decay scheme of *(7 ™ from ref. 5 with additions from refs. €,
T, and the present work.’
Flg. 6. Plot of the MiL-E2 branching ratio for cascade transitions in the
. 177 - , .
K = §/2+ band of “!'Hf. Derived from crossover-to-cascade ratios of =y
2 an e $ 42 o 2 1771- m .
.ray intensities from decay of u
Fig. §. Diegram of the El Bfanching ratios in 7’Hf from the data in Table 1 and
the simple 2-parameter theory of refs. 1 and 2
. \ e 4 - - PIL A0 4+ : e i 177Hf
Fig. 1C. The normalized 3-parameter fit of absolute reduced FEl strengths in
for the AT = -1 class of trensition. Derived from the form B(El)
/=~ By - ~ /e : - \ 14 b - ‘
(3, 2 9/2 -1]1, 7/2) + unaf1,(3,+2)-(9/2)(7/2) (1, 1 7/2 0|1, 7/2)
l~ N \ - . -
+ *\/H,\h,*l, (1/2(9/2) (1,1 9/2 01, 9/2)1% with My = 5.5 x 1077,
i o o L
M, = 3.2 x 107, and M, = k5% 10
. g ' e e o cdeam e ATTge =
Fig. 11. Normalized 3-parameter fit of the reduced E1 strengths in Hf for

transition
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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 in
this report.

As used in the above, '"person acting on behalf of the
Commission"” includes any employee or contractor of the Com-

mission,

or employee of such contractor, to the extent that

such employee or contractor of the Commission, or employee

of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.








