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Nuclear Structure: R Yb; calculated

configuration mixing higher K bands.

ABSTRACT

Evidence of configuration mixing of higher K Baﬁds'in‘deformed even
nuclei is suryeyed. A geﬁeral fdrmulation for configurétion mixing due to é-
two-body neutron;protOn'force is developed.. A fit to the,energy—splittings of
Gallaghef—MosZkeweki pairs in odd-odd nuclei is made to obtainban effective

Gaussian, central force except for the undetermined Wigner component. With

~ this force, off—diagonal-band—mixing matrix elements are calculated for various

176 178 17k

configurations in Hf, Hf; and Yb. - By eolving BCS equations, the
relevant occupation amplitudes are calculated. The effective n-p Wigner force
component is fixed to give best over-all agreement to expefimental band-mixing

information. The resulting force is compared with the Anantaraman Schiffer

force forvsphericel nuclei.



~1- | S LBL-1693

I. INTRODUCTION

Among certain classes of two-quasi-particle statés of deformed nuclei
configurationimixing,ﬁas been extensively treated, while for other classes
there has been almost no attention to this problem. |

On the one hand, the excited bands of K" = 07, 1%, 2% 07, 17, 27, ana
3" in even-even nﬁclei have been extensively treated microscopically.\ These
treatmentsbare hsually'carried out with some simple séparable interactions
(quadrupole-quadrupole, octupole-octupole, spin—quadrﬁpole, or surface delta
interéction). Some bands in the systems treated may'become "collective" and
consist of a li@éar combination of many two—quasi—parﬁicie basis states.

| On the éther hand, there has been little theoretical attention to the

question of.cohfiguration mixing of higher K-bands than.ﬁhose mentioned above,

and the general question of the effective nucleon-nucleon force appropriate in

this context is quite open.

1I. EXPERIMENTAL EVIDENCE
In the past several years interesting measurements have been made con-
cerning band-mixing of two-quasi particle states in eveh—even nuclei. The

178

even-even nuclei,in the region around Hf , are interesting because of their
prolific isomerism, associated with the availability of only_large—Q Nilsson
ofﬁitals nearvﬁhe Fermi energy: Fof protons the orbitals involved are 7/2+[h0h],
9/27[514], and 5/27[402], and for neutrons they are 5/27[512], 7/27[514] and

+ . ) + -
9/2 [62h]. Thus, relatively low-lying K= 6 , 8 , and 7 states can be formed

either as two-quasi-proton or two-quasi neutron states.
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- l . . . T,
Khoo et al.  have carried out impressive measurements of excited bands

in 17'6Hf. Their analysis shows that vthe‘KTT = 6 bands at_1333;l and 1761.5 keV

are highly mixed between two-quasi-proton and two-quasieheutron configurations

with a 2p-2n’mixihg ratio of 38:62. Ejiri gﬁ_g&.e havé'independently made

.

similar measuremeﬁfs'and come to a similar conclusion. 'Ejiri et al. analyzed
' N .17k X v e .
the 1549 keV K = 6 band in ~' Hf as being at least 90% two-quasi-proton,

17h

whereas we determine, from the comparison of the E2 hindrance factors of Yb

+ . Y
with those of TTCHF, that the K" = 6% isomeric state in 11

Yb is nearly pure
two-quasi-neutron.

Ejiri"gzggi. and Khoo et al. differ somewhat in their analysis of
’ ’ 176

mixing of the KTT = 8" bands in Hf, due in part to the additional complica-

tion of Coriolis mixing. Because of the Coriolis complication, we shall exclude
this case from our quantitative analyses to follow. That is, one needs to

consider mixing of more than two bands, and we wish here to confine ourselves

to cases of two band mixing.

178

‘ In ~CHF fhe two KTT = 8 states haye been knowﬁ'from beta decay proper-
ties to be highly'mixed. Studies by Helmer and Reich- gﬁd'by Ward, Chu, and
Cumminghaindicate that the 1147-keV state (mainly two—qéasi—neutron) and the
1480-keV state (mainly two-quasi-proton) have mixing_ratibs of 33:67 and 35:65
respectively."Thé lTBmLu beta decay rates measured by'Témurahb givé mixing of
36:64 in good agreement. |
- K8rner, Wagner, and Dunlap5 measured the magnetig'moment of the 11k2-keV
80

i - . '
‘K = 8 state in 1 Hf as 8.6 * 1.0 nuclear magnetons, signifying nearly pure

-two-quasi-proton configuration.
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Another case of such configuration mixing occurs in Yb. The = Tm

(5.2 min) ground.state has been assigned a Nilsson configuration of l/2+[hll]p,

17k

7/2-[51h]n (vhich is consistent with general systematics). The Tm ground

Yqu at 1886 keV (v 80%) and 2383 keV (v 20%)

state beta decays to two states of 1
with log £t values of 4.90 and 4.65, respectively. The log ft values of less than
5.0 would require that these transitions involve the [514]¥n, [51k4]4p orbitals.

17k

The strong gamma transition between the two states in Yb, the observed log

ft values, and the general energy systematics of two-quaéi—particle states would
suggest that the state at 1886 keV (mainly two-neutron) and the state at 2383

keV (mainly two-proton) -are highly mixed. These two states can be assigned

to the i/2'[521]n,‘9/2+[62h]n, and 1/2+[h11]p, 9/2—[514]p‘orbitgls, respectively,
with KTT = 5—.‘ Frém the log £t values one would deduce a 35:65 mixing ratio for

these bands.

l76Hf‘ of

Bernthal g§'§;§ measured elecﬁron capture log ft &alues to
7.21 and 6.85,_to the K" = 17 states at 1672.3 and 1862;8 keV, respectively.
With the reasonabie 176Tavground state assignment by Valentin and Santoni of
K" =17 (7/2+[hoh]p, 5/2'[512]n), it is easy to see that the beta decay can
proceed via a first-forbidden unhindered transition to the_two—quasi—neutron
component of the final KTT = l+ state but not to the two-quasi-proton parf.
This conclusion is the same even if configuration mixihg of (5/2+[h0h]p, 7/2”
[Slh]n) is allowed invthe.initial state. Thus, the ratio of ft values tells
us that the lower 1° state is 70% two-quasi-proton and 30% two-quasi-neutron,
while the upper 1+ state is the reverse. We note that the mixing of the 1+
szates is also imrlied by the strong 190.k4-keV y-ray ttansition between these

. ) +
levels. There might be some reservations about treating these two K' =1 states
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in isolationnfromvall other K' = 17 poles. dabrakov gﬁ;gi-a, and Hamamoto
gz_gi.g have made random phase approximation calcﬁlations of 1+ states taking
into accountvthé Spurioué state problem associated with thé rotational degree
of freedom. We feel fhat our isolated treatment here may be approxiﬁately
justified, since the 3, matrix elements between our 5/2 and T/2 states are very
small (hence, little coupling with the spurion) and since éther l+ poles should

be considerably higher lying in 176Hf.

ITI. GENERAL THEORY AND RESULTS
Can we oﬂtain from.theory at least a qualitative explanation of the
phenomena so féf observed? Very generally, when considering two states which
interact with one another (but don't interact wiﬁh anj ofher state) the

Schr8dinger equation can be written in the form:

H. m N a N o
1 W(F) = A P(F) - (1)
Hp,=Hy =m 3 ol + 8% =1

We introduce ¥ as the mixing ratio between the two states, letting y = 82/a2.
If m= 0 (i.e. ro mixing) then X = 0 or ©. When solving eq. (1), one easily

finds:

AYVY _
m = 37:9%2 (2)
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where AA = A> - A< is the difference of the eigenvalues of the 2 x 2 matrix,
l.e. is the energy difference of like-spin members of the two bands of the con-
figurations considered. In fig. 1 we have graphed the.relationship of eq. (2).
The different mixing ratios form a femily of straight linés relating the
préportiona;ity of the energy separation of the‘bands with the absolute value

. Theblines have been labeled with mixing

of the mixing matrix element |m

ratios less than unity, but those ratios Y greater than unity correspdnd to

the line of their reciprocals 1/¥.

When the mixing ratio is near unity (0.5 5 x 2 ), the mixing matrix
element |m| is very insensitive to ¥ and dependent on AX.

We now anelyze matrix element m in more detail. The quasi-particle
operator string for the band-mixing matrix element for even-even states, with

parallel angular momentum projection Qp + Qn, is:

(v. ) a+.a+ o o o (3)

Substituting the inverse Bogoliubov transformation and retaining only those

terms conserving charge and particle number yields:

+ o+
)+ LU W Ve Ay an 8 2p2[V Inlp )+

0y By Py Po By Py Iy Py
' (4)

u V 8._ g (n

v u a P
0y By Py Pp 1y pl 2 Po eve

1PV lB

l52|V ’ﬁzpl) -V, u V. u a+"+ a= & <n2pl|V |nlp2)
np Ny Pp Py Po iy Py By P

where u and v are the usual BCS amplitudes and a and a+ are the nucleon

annihilation and creation operators (the bar over a subscript denotes the time



—6- o  LBL-1693

reversed orbital). But <n1§l

). Therefore we get the following:

'Vnp|52p2> = <n25é|Vnp|ﬁlﬁi).and (nlEQIVnp|52pl> =

2p1|V lnlpz

+ : T+ + ' + +
(Vn)ana [ e ) = U. V v.ou a a—na +V u u v 8. 8- a,
Py M Py Py ny'ny "y ', 0y By By By R pl By 1, "B, Ty Py
X (nlﬁlan IEéP2>-— w o v,ou v ; ! a- a tv,ouw bv Iu a;.a+b a &
Pree  \MifaPr P By 7y "1 %2 Py Pp T Py Ry P2

x <n152anp|52pi> | '  ‘ - (5)

In the case of antiparallel angular momentum projections IQP - in for

the pairing factors of even-even excited states wevget the following:

+ o+ - Coat et ot
(Vn )an a- o o =-fu v u a +v u v u 8- a-
P By oy Py Py g pl P2 1 Pe 2P T P Pl P, T 2 pl 1 P2
. + +
X (nlpglV Inepl) - o, v, v, u & 8 a a- + (6)
np i1 fp Py Po My pl 2 P2 ,

+ + -
tv,ou ou voa.a a- v |n.p)?
0y Oy Py Pp By Pp 0 P 1) 2p2| I 171

- In the pgiring factors oply the combination uv occurs. Thus, the
matrix-elementé.can only be large when the two orbitals are on opposite sides
of the Fermi energy. This condition is approximately‘fulfilled for the T2-
prétoﬁ configuration of Hf, since the Fermi energy shouldﬂbe nearly at the
degenerate T/2+ and 9/2 orbitals with the 5/2+ orbital lying slightly higher

(cf. diag. 2c and 2d of Nilsson gg_gg.lo).
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A, The Pairing Correction Factofs_

The uv factors for the cases here considered are shown in Table 1.
They have been calculated by solving the BCS-equations with the single particle
energies oﬁfaiﬁed with the same program used in ref. 10;_£aking into account
for each nucleus its quadrupole and hexadecapole deformation as given in Fig. 12a
in the same refereﬁce._ However, close to the Fermi enéréy we used enérgies
obtained by interpolating the empirical single pafticles energies obtained from
experiment by Ogle_gz_gl.ll in order to get the most realistic uv factors. We
used the experimental gap parameters Aexp given in Fig.’ha‘and 4b of ref. 10 and
then adjusted thé pairing strength parameter G so that Aexp'was in agreément with
the value of A obtained by solving the ECS equations.

For the specific case of KTT = 8" states in Hf, with'nlvthe 9/2+, n2 the

- - . +.
T/2, 1 the 9/2 and P, the 7/2 orbitals, the first two terms involve K" = 0-

i
[
+

o : 4
couplings for the n-p matrix elements, and the second two terms involve K
couplings.

- - . 178
More specifically, for the K" = 8 states in T Hf, one has from eq. 5

and Table 1

178 . - = _ P =
|mg ( me)| = |0.411(9/2 9/2p|vnp|7/2n 7/2P> o- 0.501¢9/2 7/2plvnpl7/2n 9/2p> *

\

(Ta)

All the contributing matrix elements are of large momentum change (or exchange

interaction) type, like those of the odd-even shift terms in odd-odd nuclei.

Similarly, one has

Imge Tue)| = fo.s15€r/2 /2 |V, 5/2, S/25. = 0.395<1/2, 3/2 |V, [5/2, /2%
| | (7o)
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17k

.|m5_( Yb)|§ ’o.zsh( 1/2n1/2plvnp|9/2n9/2p) o - 0-725¢ ;/2n9/2plvnp19/2n1/2p> W+ (Yc)

176

v v . : o
For the Kﬂ = 1 state in Hf one has to use eq. (6), since in this

case we have antiparallel angular momentum projections. We get the following:

[m+(" " EE) | - |._0.395< 7(2n5/2plvnp|5/2n7/2p> g- * 0.515¢ 5/2n5/2p|vnp|7/2n7/2p> o-1 (7a)

.For thoée caseé where only one of the levels is known-(in.6£hér words, AX is not
known), wé have»insufficient data to solve for the @atrix element m. However; if
the mixing isvsmall? then we may make a theoretical eétimate for AA and still

get a good valﬁe fér m. This follows because, as pbipted out before, m is not

very_sensitive'to_AA if mixing is small (see Fig. 1)

" B. The n-p Force
We consider now the matrix elements of the effective neutron-proton

potential, taking it to be of Gaussian central form

.v P V.P._+V_P_ ) (8)

o 2, 2
V= _exp(—r /r57) UVpgPrg * VooPro * VsePse * VsoPso

np

where P PSE’ and P, . are projection operators for the spin triplet (T)

TE? PTO’ S50

or singlet (S) and even (E) or odd (0) relative orbital angular momentum. We
will use two different forces in our calculations, fdrce'I with range ro=l.5 fm,

force II with range ro=1.0 fm. Following Jones 23‘5;.12 and Ogle13

we derive the
potential strengths (up to a common additive constant) by doing a least square
fit of energy splittings of Gallagher-Moszkowsky pairé. The arbitrary additive

constant of the potential strength arises because & pure Wigner force does not
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contribute to the splittings. Recently Oglel has pointed out that there is

still no satisfactory effective force for calculating’thé'energy splitting of
Gallégher-Moszkowski‘pairs. We are reluctant to use the force of Jones et §£.12
as we differ by a factor 2 withltheir finite range caleulations. It is not |
clear why the first order splittings of the effective n-p force give such poor
quantitative fits to experiment, despite the universal applicability of the
Gallagher-Moszkowski rule on the sign of the splitting. It may be that the off-
diagonal coupling; with other Bands of the same K (n—p force coupling) or K + 1
(Coriolis coupling) are responsibie for the inability to:.obtain detailed agreement
in first-order splitting caicul-ations.lh From the general consideration of the
greater occurrence of low Q orbitals in an oscillator shell, it is evident that
the levél densify'ofitwo—quasi—particle bands is é fapidiy decreasing function of
K. Thus we have sought an effective force by excluding'from the fit all cases
involving K = 0 or 1 bands, which would be most susceptible to the higher order
corrections. This exclusion meént we did not attempt-to‘fit the shift tefms in
K = O bands. Thése shift terms ha&e.been shown by Jones gﬁ_g;}g to be sensitive
to tensor components, another reason for not demanding that a central force fit
them. Table 2 shows the result of the fitting proceduré;. The optimum force
strengths at the different ranges are shown in Table 5.‘fThe mixture of our
forces (speciaily force II) has some features in commopvwith the force obtained
by Nunberg and Prosperiml5' From Table 2 we see a scatter in fit to experiment
of about * 20 keV. The fit depends only weékly_on range of force, and as Jones
93_2;,12 showéd, eﬁen a delta force is rather sétisfactory in fitting pair splittings.
Table 3 gi&es for the two optimal forces sat different range the
theoretical ?aiues.of odd-diagonal, single-particle n4p mafrix elements enter-
ing into the band-mixing cases for which ﬁe.reviewed the expérimental evidence

in the first part of this paper. These are the single-particle matrix elements
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entering into'the eq. (Y)vwith appropriate weighting fa¢tors from the BCS wave
functions. The matrix elements in Table 3 wefe célcﬁlaﬁéd from a sophisticated
program due t6 DrI Gordon Struble. 1In this program thé'NilssOn wave funcfions N
are calculated byvtrunéating the set of basis states tQ:a single oscillator shell

in the isotropic:harmonic oscillator basis. The déformgtion pdrameters used

= 3.9, for Teble 3 approximate tn = 3.70,

were: for Table 2 approximate Cﬁ = Cp

QP = 3.75. Thg.Nilsson potential parameters un,.up, Kn’ Kp, werg given values
from equations on page 14 of ref. 10; The major shell spacings hwn and hwp were
obtained by using equations on page 6 of ref. 10.
| With;threévof the four force'strength paramete£$~fixed by the Gallagher-

Moszkowski pair fitting of Table 2 we allowed only the freedom to adjust the
fourth component (Wigner'force) strength tb obtain best agreement with expefi-
mental band mixing matfix elements from egs. (7) as shown in Table 4.. In the
last three caseé there are data showing band mixing ié gméll, but with the energy
‘separation of the_admixed bénd ﬁnknown only limits cannﬁé_set bn mixing. The
agreement is quite satisfactory, though somewhat better_fér the shorter range
force II. |

Table.S summarizes the strengths of-our optional Gaussian central forces
at the two different, soméwhat arbitrary ranges. |

We are hot able to make a detailed compgrison with the remarkably success- .
ful spherical sheil—model n~-p force of Anantaraman and Schiffer16 (A-S force),
since our code will not handle a tensor force componenf; Furthermore, their
force has partia;iy cancelling components of different-ranges in triplet-odd
and singlet—éven'parts. We tried fitting the Gallagher-Mészkowski doublet splittings

with a force with short- and long-range components, the same ranges as those
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_of ref. 16, but the fit was not much improved, even with the doubling of free

parameters.

Tt is not clear whether the differences with the A-S force, particularly
the differenﬁ VSO/VTE ratio, arise froﬁ 6ur neglect of‘tgnsor compcnents or ffom
core polarization effect differences between their spherical nuclei and our
spheroidal nucléi. |

When an effective force of some reliability is avéilable, one can address
the problem of'predicﬁing the energies and band—mixingvéhéracter of the multi-
quasiparticlevbands expected in the region. Soloviev.ha.s'vsumm_a.rized’17 many
calculations Oﬁ three- and four—quasipartiéle'states of deformed nuclei; these
calculations ﬁre for the most part done in fhe fraﬁework'of the indeﬁendent
guasi-particle picture. There is also need for more déta on such states.
Awaiting disco?ery are surely other four-quasiparticle isomers like the 16+ isomer
178 177

Hf.

' " 18 ,
of Hf and perhaps five- quasiparticle isomers like the 37/2- state in

IV. CONCLUSIONS

An inteéresting pattern emerges from analysis of Band-mixing of two
quasi-neutron and two quasi-proton basié states»of defprmed even nuclei. The
conditions for strong mixing to occur afe 1) that the Zéroforder energies of
the 2@p and 2qn basis states be reasonably close and 2) that the two proton
(neutron) orbital energies be on opposite sides of the Fermi surface. The
first condition follows from the requirement of a small enérgy denominator in
the mixing determinant, and the second from the appearance of BCS weighting

factors ofvform'ulvg. From analysis of these mixing ratios we can deduce a
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value fof ﬁhé Wigner force strength in the effecfive n-p fééidual interaction.
- The Wigner component ddes not affect the splitting ofvdallégher-Moszkowski
doublets in odd-odd nuclei. The off—diagonal matrix eléménts extracted here
also may manifest{themseives in configuration mixing iﬁ odd~-odd nuclei. It
will be valuable:to have more experimental information to further constrain

the effective force.
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Notes Added in Proof

We have recently received a letter from Dr. N, Oﬁishi to the effect
that the pfogram used in Ref. 12 is correct; however, in deducing the

force strengths appearing in Table IV (of Ref. 12){5 slight error was

made., They plan to publish an erratum in the Phys. Rev. listing the

correct force strengths for their Table IV.

J. I. Zaith and R. K. Sheline (Phys. Rev. C6, 506 (1972)) have studied

the levels ofll76Hf populated in the (d,t) reaction. In their level

scheme (Fig. 2) they do not show the levels of Khoo's upper K" = 6 band,
which, if pure two-quasi-proton, should not be populated by the (d,t)

. o+ )
reaction. (The first two levels of this upper K" = 6 band are at

= 1926.7 keV.) However to the extent that this

Egs = 1761.5 key and Er,

is mixed with the K" = 6% band at 1333 keV (which is mainly two-quasi-

neutron) then the levels of the upper K" = 6% band_éhould be populated

relative to the lower KTT = 6+ in proportion to théir mixing ratios. In
Fig. 1 (of the reference cited above) there are two'unassigned peaks (peak

number 11 and 16) with the appropriate energies and'ihtensities to be the

‘members of thé upper K" = 6+band, consistent with the mixing ratio of

Khoo gg_gi.l The K' = l+ bands are evidently populated too weakly to
be seen in ‘the.spectrum of Fig. 1. Thus, we can”géin no evidence to

supplement the beta decay information on the 1 band mixing.
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Table 1. Values of u and v Amplitudes from BCS Wave Function.

Configuration: 1Thy, 1Thge OIS ;78Hf 180y,
U o;h9o- 0.292 0.292 '40.292 0.292
1/2% (h11) \ S o
PV o 0.956 . 0.95 - 0.956 0.956
U’ 0.928 0.747 C0.TMT 0.TMT 0.THT
T/2% (hok) o . S
B A 0.665 0.665  0.665 0.665
U 0.938  0.819 0.819 . 0.819 0.819
9/2= (51k4) - _ o
P v 0.347. 0.574 - 0.5Th . 0.57Th 0.57h
U o.972  0.911 0.911  0.911 0.911
5/2% (4o02) g ’ » '
'\ PV 0233 o2 0.412  0.412 0.412
, : U 0.308 0.61L4 ©0.hlg 0.346 0.261
1/27 (521) , T
v 0.951 . 0.789 0.893 ~ 0.938 0.965
U 0.483 0.685 . 0.507 - = 0.397 0.285
5/2= (512)n S ' .
v 0.876 0.728 0.862 10.918 0.958
U 0.886 0.90k4 0.812 " ©0.590 0.466
7/27 (514) _ : . :
v 0.465 0.kot 0.58L - 0.807 0.885
U 0.90k 0.94kL 0.898 0.778 ©0.619

9/2% (624)
" v 0.k427 0.331 0.440 . 0.628 0.785




Table 2. Fit of Energy Splittings of Gallagher-Moszkowski Pairs.

m

Configgration : K _ AEth - AEth AEexp
Nucleus Proton Neutron Zn+Zp=O_ Zn+2p=l ry=l.5 fm; ‘ro=l.0_fm - Ref.
(keV) - (keV) ' (keV)
Ho 16k 7/2- (523)4 1/t (boo)t 3~ &T . 18 a2k 102 . 12
| 3/2t (Lo2)v 5T o~ 423 1m0 -85 a2
| 3/2= (521)4 ot 5+ 165 159 171 12
Ho 166  7/2- (523)% 1/2 (521)¢ e 3* -1kT 156 171 12
Tm 168 1/2% (411)v 5/2‘_(512)1' 3~ 2~ -2k -231 ,‘7 -23kL © 12
- 7/2% (633)+ UA 3+ 138 s - -157 12
Tm 170 1/2% (411)y  5/27 (512)% 3~ o~ -239 -4236 . -232. 12
Lu 17h  7/2* (bOb)¥  3/20 (5214 5= 2 -s59 -58 90 12
1/2= (s21)¢ 3= 4 93 69 8o 12
Lu 176 7/2% (bob)y 1727 (510)4 L= 3 .13 -138  -118 12
Ta 182 7/2% (Lob)y  1/2- (510)+ L= 3= -1l27 . -135 1Tk 15
| | 3/27 (512)4 o= - 166 168 % 15k - 15

More recent experimental values (R. G. Helmer, R. C. Greenwood ande.-W.-Reich,"Nucl.vPhys,:Al68;'

W9 (1971)) are: * -100; *1ko.

_9I_ .

€69T-TaT
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Table 3. Voo Matrix-Elements

Matrix-Element o Force I 3 " Force II
| (k) (keV)
<1/2n i/éplvnéj§/2n 9/2p y 152 ‘  ‘_f' -1L48
(1/2 §/2p|vné|§/2n 1/2p y : 319' B _: 292
/2, W2 |V, (32, 5/2) st -165
172, 5/2,0v, 1572, 172 ) | 318 IR 288
(1/2, 5/2plvhpl5/2n /2, ) | 191 | }f._, ' 140
(572, 5/2plvrblp_|7/2lvq 7/2, ) | R o 155
- Lore §/2p|\//m'p'l'7'/én 2} - 61 TR -108

Cofz, Tr2 v, I7/2, 92,0 209 N °13
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Table 4. Comparison of Theoretical .and Experimental Mixing Matrix Elements (keV).

Case "::u', exp. o " ..1ﬁ l Im .I
, B e v th! exp
: ref. (Force I) (Force II)

mg (“Twr) & 133 ';.“1"5'_8:_‘_ 18

m+ (1T6qr) B .l o b - 203 -~ 11995'7 - 208

m— (hypy . ;: o | 270 13é&§fv. | 235
(1T4¢)   f : d 12 | o5t 88
(180ye) o : e | 1LY

(1) o 194 190 < 0.3 M

In6+'(lThYb) - i 129 126
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Table 5. Potential Strength of Forces Used in'ghis Work

v _ 1
and Comparison with the One Used in ref. . ).

~ Force I - Force IT ’Aﬁaﬁtaram—schiffer Force

Force ' (ro = 1.5 fm)- (ro.= 1.0 fm) _Shbrt—range Long-range
Component ' C - T

' o (MeV) (MeV) o (rd =.1.0 fm) (ro = 3.2 fm)

) . ; . . - ’ - . " _‘ +

Vo T S e -195%30

Voo -T2 35 ~195£30

Voo -62 169 . -230%20 6.5:10

V.. - 25 ' R N L -165+20. 6.5+10
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FIGURE CAPTIONS

Fig. 1 Relation‘between AN, m, and ¥. See text for defiﬁitions. The -

experimental points correspond to:. a) K' = 8" states in 178Hf;

b) KN = 6% states in 176

176

states in

Hf; c¢) K" ;'5— states in ;YhYb; and d) K =

Hf.
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