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Possible solution of the Coriolis attenuation problem
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The most consistently useful simple model for the study of odd deformed nuclei, the particle-rotor model
(strong-coupling limit of the core-particle coupling modélas nevertheless been beset by a long-standing
problem: It is necessary in many cases to introducadhocparameter that reduces the size of the Coriolis
interaction coupling the collective and single-particle motions. Of the numerous suggestions put forward for
the origin of this supplementary interaction, none of those actually tested by calculations has been accepted as
the solution of the problem. In this paper we seek a solution for the difficulty within the framework of a general
formalism that starts from the spherical shell model and is capable of treating an arbitrary linear combination
of multipole and pairing forces. With the restriction of the interaction to the familiar sum of a quadrupole
multipole force and a monopole pairing force, we have previously studied a semimicroscopic version of the
formalism whose framework is nevertheless more comprehensive than any previously applied to the problem.
We obtained solutions for low-lying bands of several strongly deformed odd rare-earth nuclei and found good
agreement with experiment, except for an exaggerated staggering of Ieveiy—férbands, which can be
understood as a manifestation of the Coriolis attenuation problem. We argue that within the formalism utilized,
the only way to improve the physics is to add interactions to the model Hamiltonian. We verify that by adding
a magnetic dipole interaction of essentially fixed strength, we can fiKthé bands without destroying the
agreement with other bands. In addition we show that our solution alsti#is a classic test case of Coriolis
attenuation that we had not previously studi¢80556-28187)04804-8

PACS numbgs): 21.60.Ev, 21.10.Re, 21.30.Fe, 21.60.Cs

[. INTRODUCTION band. When the angular momentum of the core is replaced,
according to angular momentum conservation, by the differ-
In this paper we propose a solution to a long-standingence between the total angular momentliand the particle
conundrum in the theoretical description of the properties ongular momentunj, the interaction between particle and
low-lying bands of deformed odd nuclei within the frame- core becomegomitting BCS occupation factors
work of the particle-rotor modgll]. Generally speaking, the
Hamiltonian of this model has the form
j-J
H=H oot H particle- 1) 27’ 2

Here the first term is a phenomenological operator describing
the included bands of a given evérore nucleus, assumed whereZ is the moment of inertia of the core.
to be a rotor. In the simplest case, it describes only the For many applications, the model as described above does
ground band of an axially symmetric system. The secondhot predict the observed band struct[2e3] unless one mul-
term contains the single-particle energies of and the residuaiplies the Coriolis interaction by a fact@=0.6—0.8, thus
interactions among the particles that move outside the rotagiving rise to the name Coriolis attenuation. This means that
and are assumed to be kinematically independent of the comke model as described above is too rudimentary, and that
stituents of this core. When we wish to describe odd nuclethere is missing physics. There have been numerous sugges-
that are adjacent to the given core, the simplest assumption ifons concerning the source of this missing physics. We shall
that it suffices to consider a single extra particle, or if wenot review these suggestions in the form that they are de-
include pairing interactions, quasiparticle, outside the corescribed in the literaturg2,3] for at least two reasons. The
described in the intrinsic system of the rotor by a set offirst is that all those that have actually been tested by calcu-
axially symmetric solutions of the Nilsson-BCS formalism. lations fall short in some respect. The second is that they are
An important point in favor of this extreme model is that all stated within the framework of some extended version of
it contains, in so far as its predictions of energy levels isthe particle-rotor model. But this model has among its flaws
concerned, essentially no free parameters, since the quasipgie assumption of the kinematic independence of the patrticle
ticle properties can be determined by fitting bandheads alonend rotor variables. This certainly violates the Pauli prin-
and the core Hamiltonian depends to a good approximatiogiple, the more so if one wishes to allow the particle to have
only on the observed moment of inertia of its ground-stateaccess to several major she{ss in the calculations we re-
port in the present wopk
Instead we shall approach the subject from the point of
*Electronic address: pavlos@walet.physics.upenn.edu view of a theoretical framework that is formally exact and
Electronic address: aklein@walet.physics.upenn.edu contains the particle-rotor model as a well-defined limit. We
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claim that for a sufficiently simple Hamiltonian we can, particle space and with the inclusion of excited bands of the
within this framework, compute accurate solutions for thecore (including but not confined tg8 and y bandsg. The
low-lying bands of well-deformed odd nuclei. Therefore inclusion of the excited core bands was necessary to account
with high probability a failure of the theory is to be ascribed for odd bands near the top of the energy region considered,
to a missing term in the Hamiltonian. For example, one of2PProximately 1 Mev.

the classes of proposed explanation within the particle-rotor. "€ Only discrepancy found was that our calculations pre-
framework, that we need more than one particle outside thd'Ct?d’ uniformly, an exaggerateq staggering of Igvels for
. ' ) k= 5 bands compared to experiment. In a particle-rotor
core, is ruled put in our case by the fact _that the _exact for'model, it is easy to see from standard formulakthat this
malism never involves more than one particle outside a bangiscrepancy can be erased by introducing the Coriolis attenu-
of the core, the point being that the inclusion of core excitaation factor. As we have argued above, the only fundamental
tion is taken care of by the inclusion of excited bands of thQNay that is open to us to improve our calculations is to add
core. Another explanation of the standard list is that thean interaction to the Hamiltonian. Such an interaction should
model in its simplest form omits or treats incorrectly the effectively contribute to our equations a Coriolis-like cou-

so-called recoil term that arises from the same transformatiopling that is dynamically independent of the standard one
that yields the Coriolis coupling; the distinction between the(the latter hidden in our formalism because we calculate in
two terms is a consequence of the use of an intrinsic frame ithe laboratory systemOnce we have reached this point in

the implementation of the model. But our calculations areour thinking, it is almost obvious that the choice should be a
carried in the so-called laboratory system, in a way that aumhagnetic dipole interaction, also satisfying our requirement
tomatically includes the effects of the recoil term. The lastthat the core matrix elements can be measured. In fact, from
important class of suggestions and the only one that is cogefft® Well-known properties of vector operators it follows that

from the point of view of the theory we utilize is that of a contributions diagonal in both core angular momentum and
missing interaction. Here, the structure of our equations sugl@'ticle angular momentum of any dipole interaction are ex-

gests an essentially unique choice, at least as far as muItipfi‘—Ctl_y equwal_ent toa Coriolis interaction. Ho_wever, the mag-
netic dipole interaction can also have off-diagonal elements

larity is concerned. Further discussion of this point, the ma- d therefore th ival ) | :mat
jor one made in this paper, is continued below, after som&nd heretore the equivaience Is only approximate. .
It may be noted that there is even a simpler way to obtain

remarks about the formalism. .2 . :
The theory of collective motion for odd nuclei that we an additional Coriolis coupling than the one we have chosen,
nd that is to add to the Hamiltonian a term proportional to

shall apply is one that we have recently resuscitated an t1h | i We shall ity that
extended, and that we have rechristened the Kerman-Kleif€ Square of the angular momentum. We sha verify tha

Donau-Frauendor{KKDF) model [4—§]. This model was such an interaction can also be used to fit the data. Such a

introduced by Daau and Frauendof8—12,3, whose work Coriolis coupling term was seen to arise, fpr example, in a
was in turn stimulated by an applicatigtg] of the theory of paper{ 18] showing that a version of the particle-rotor model

. . be derived from the fermion dynamical symmetry model
collective motion developed by Kerman and Kl¢iv—17. can g - ’ .
This theory starts from the spherical shell model with re—(FDSM)'fE]D'SSS _nc()jt Slérprlsmg, since the standgrd IHam;]I-
sidual two-body interactions. A formally exact set of equa-ton'aln 0 ¢ th n ?e contains a term propo;tlohna to tdel
tions is derived thatesembleghe equations of a particle- square of the angular momentum operator of that mode.

core coupling model, but requires even after a suitablérhIS observation was not followed up.

restriction on the size of the configuration space, the solution I_t is also of Interest to remark th‘?‘t In a recent a_nal{/lsﬂg
of a formidable nonlinear problem. In the KKDF model the which sought to identify the most important multipole com-

problem is linearized by choosing the matrix elements ofPonents of a shell-model interaction, it was found that mag-
multipole and pairing operators, that arise from the interacnetic dipole interactions were present. The result was repre-

tion, either phenomenologically or from experiment. If this sented as a spin-spin interaction and therefore different in
' etail from either of the possibilities examined in this work.

can be done for a sufficiently extensive model space, we ¢ . X . .
be reasonably confident that the corresponding equations ev_ertheless thls_ analysis further buttresses our viewpoint.
Finally we outline the contents of the body of work that

\txcs hn;\,ne“rr],iagrg:)ef%r]}/ tr?ii\{seta?:rigrfi'oti\éeng%:lgurjfgglrggr?luggn follows. In Sec. I, we briefly review the basic eIemen_ts of
be carried out at the present time only if the interaction cho9ur theory and mcorporate the changes necessary to include
sen is sufficiently simple that, in fact, the “core” matrix the new interaction. _In S_ec. ”_I' we speC|fy how the param-
elements that enter can be determined at least in part frofters of the magnetic dipole interactions were chosen. The
experiment. re_sults of our calc_ulguons are presented in Sec. IV, _together
In previous work we have used a conventional HamiI-W'th a pnef description of how the analysis was c_arrled.out,_
tonian in which the interactions were confined to monopoleWhere it was deemed necessary to supplement discussions in

pairing and quadrupole multipole interactions. Among the24r earlier Papers. 'f‘ Sec.'V we compare some results fqund
or the magnetic dipole interaction with a corresponding

applications made, the simplest have been to the low-lyin - ; . o
PP P y nalysis in which we simply add to the Hamiltonian a term

bands of several well-deformed odd rare-earth nuclei. To » L0 th tth I ¢ A brief
good approximation the only free parameter was the strengt roportional to the square of the angufar momentum. ne
iscussion of our results is given in Sec. VI.

of the quadrupole interaction. With the important exception
to which this paper is devoted, we found good agreement
with the energies and electromagnetic moméwtsere mea-

sured of all the lowest-lying bands, provided the calcula- For the sake of completeness, we start with a brief review
tions were carried out with three major shells for the single-of the basic elements of our method. We base our consider-

Il. THEORY
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ations on a shell-model Hamiltonian of the form, In terms of a convenient and physically meaningful set of
energy differences and sets of multipole fields and pairing

1 fields defined below, we obtain generalized matrix equations
H= E haa,a +4% 2 FaCdb(L)B'-M (2,)BLm, (A:B) 4t the Hartree-Bogoliubov form

1 &3V IMn)=(e+ AT
+7.2 2 Gaved DAL (2,b)ALy, (c,d). @
- +F(A+1))aan,yl’M’n’VJ,uV('y;I/M,n,)
Hereh, [a=(j,,m,) anda=j,] are the spherical single- +A i Usn(7:1'MNY), (1D)
particle energiesB, \, is the elementary particle-hole multi- ’
pole operator, EnU (@ IMn) = (~ 6+w(Afl)_F(Afl)T)EMn’W/M/n/

LM ~ x U ) ;I/M/n/
Blw (a.b)= 2 s,C talag=[alxFply, . (4 3y )

MaMy

T ! ’ !
+A%mn71rmn Va7 "M,
andA,  is the elementary particle-particle multipole opera- (12)
tor
where
LM —
AEML(&b)EmEmb C.palap=[alxally ., £5,= —Ej,+ L ER D4 EA-D), (13)
a
where CLY are the Clebsch-Gordan coefficients and €alMn, 1’ M0’ = OayBi1 1 Oum Spnr (Na—Na), (14
s,=(—)la"Ma, The coefficients= are the particle-hole ma-
trix elements Na=3(EQTV-ERTY), (15
A+l) A+l Ax1l
Facan(L)= 2 s S,BCLMLCLMLVaﬂya- (6) Oeinnyi7w e = Oy O O O (Bl ™V = EGY),

(16)

andG the particle-particle matrix elements

1
(A%1) LM
Faer‘I yI'Mn = EL% < SyCa7 Facan(L)

=

Gabed L)= E CoCoy Vagys- W)
(1 ’M’n’(At1)|BLML(db)|IMn(Atl)),
The task is to obtain equations for the states and energies 17
of the odd nucleus assuming that the properties of neighbor-
ing even nuclei are known. The states of the odd nucleus 1 LML
(particle numbemN) are designated asluv) where v de- Aaimn,yirmn = 2.5 % Gacanl(L)
notes all quantum numbers beside the angular momedtum -
and its projectionu. The eigenstates and eigenvalues of the INA Tt
neighboring even nuclei with particle numbefd£1) are x(1'M’n (A_1)|ALML(db)|IMn(A+1)>'
[IMn(N=1)) and E\,"!, respectively, wheren plays the (18)
same role for even nuclei asdoes for the odd nuclei. The Here¢ is the eigenvalue, the energy of the state of an odd
equations of motion are obtained by forming commutatorsaucleus relative to the average ground-state energy of the
between the Hamiltonian and single fermion operators, leadaeighboring even ones. The remaining definitions refer to the
ing to elements of the effective Hamiltonian matrix. are the
single-particle energies measured relative to the chemical po-
LM tential, N the chemical potential, the elements wfare the
(8 HI=haaat 4% Y Ca Gacvd L)ajAcu(c.d) excitation energies in the even nuclei, andandA are the
multipole and pair fields, respectively.
The solutions also require a normalization condition that
is derived from matrix elements of the fundamental anticom-
mutation relations,

+ $,CooFaca{L)a,B y(d,b), (8)

Y

NP

bdy LM

together with its Hermitian conjugate.

The matrix elements of these equations provide expres- 1
sions that determine the single-particle coefficients of frac- O
tional parentagécfp),

ZM [JUS(aIM;n) 2+ V], (alM;m)[2]=1, (19
where
V(@ IMn)=(Juvla,/IMn(A+1)), 9)

Uy(@;IMn)=(Juv|aliMn(A-1)). (10 Q:an (2a*d). 20
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Since we shall use only a restricted set of interactions, Facas(1)=—kiMp(1)My(1), (23
specializing to the case whete=1,2 multipoles and the
L=0 pairing are included, the multipole and pairing fields

defined above take the form Facat(2) = — k2Fap(2)Fgc(2), (24)
) 1 __
FE:{A”\?Ai)"yIIM/n/ZEMEl % S’}/Cig_lFaCdb(l) GaCdb(O)_ gOGab(O)GdC(O)! (25)

X(1'M'n’ (A= 1)[Byy (db)|IMN(A% 1)) together with the identification of the sums

1
+§% 2 $,CL5 Facal 2) M=3 Mad1)Bu,(a.C), 26)
X(I'M'n’(A+1)|Bay (db)[IMn(A=1)),
(1) Qu=2. Fac(2)Bau,(a,c), 27)
1
Aaan,yl’M’n’:§% Cg%Gacdb(o)
A=Y Ga(0)Ag(a,c), (289)

X{I'M'n"(A=1)|Agy(db)[IMNn(A+1)).
(22 C
as the electromagnetic dipole, the mass quadrupole, and the
The further specialization to the magnetic dipole, the masgairing gap operators, respectively.
quadrupole, and the standard monopole pairing interactions, With the definitions given above, the multipole and pair-
is defined by the equations ing fields take the form

* K1 M Paa s K2 2M
r(chﬁTy,,M,n,:—?ME $,C oy Mac(1)(1"M 1" (A£ 1) My, (db)[ IMNn (A= 1))—7ME $,Co?Fad(2)
1 2

X(I'M'n"(A+1)|Qy,(db)[IMn(A+1)), (29
A i,y M = — %CZ;GM(O)U 'M'n’(A—1)|A[IMn(A+1)). (30)

We apply the Wigner-Eckart theorem to obtain the equations of motion in their final form. For the multipole and pairing
fields, we use the following definitions of reduced matrix elements

(—D'™ 1,

<|/M/nr(A¢1)|MM1||Mn(Ai1)>:TclMl,_M,<|rn/(Ai1)||M|||n(Ai1)>, (31)
S ('™,
(I'M’n (Ar1)|QM2|IMn(At1)>=TC,mZ,,M,<I’n’(Arl)llQllln(Aﬂ», (32)
(I'M'n"(A£1)|A[IMn(A£1))y=(—1)'"MC . _,,.{(I'n"(A=1)||A|[In(A= 1)), (33
|
and for the cfpV andU, we employ the definitions We thus find the equations of motion
V. (@ IMK) (—1)J_”Ca V. (alK), (34 EnVi(alK) = (e, + wik) Vs, (alK)
Ju\ &, :? IMJ—u ¥ Jv a il
2j,+1
: £ 3 TA D VaelK)
(_1).]—,u+ja+ma cl’K’
UJ V(ailMK):.—CfIMJ, I/{J,,(aIK).
g V2]atl g + 2 Aakerk Uy (cl'K'),  (36)

(35 cl’K’
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E3.Us(@IK) = (= eat o)l (alK) = X Tl T o, (C1'K)+ > Mg crr Vaulel'KY), (37)
cl'K’ cl'K’
where
+ K1 ; ja jc 1 Vs Ko : .a jc 2
F;?K‘,iiw—7<—1>1c+'“[,, , J]<I K (Ar1)||M||IK(Arl»Mac(l)—;(—1>Jc+'”{,, D
X(I"K' (A= D[QIIIK(A=1))Fac(2), (38)
9 ,, ,
Aainerrn == 5 (1" (A= D)|[A[|In(Ax 1)). (39)
|
Ill. DETERMINATION OF MAGNETIC PARAMETERS 21+1
In this section we describe how to extract the magnetic (imiin= Cii10 H 42

parameters for the core and for the single-particle motion.

Because of the limitation on available experimental data
A. Phenomenology of the even core for the intrinsic magnetic moments of the states of the neigh-
The matrix elements of the operatd between states of boring even nuclei, we have chosen to represent their values
the even nuclei have to be determined. The reduced matriy the simplest possible phenomenological model,
elements of this operator can be expressed using the Wigner-

Eckart theorem as u=gr(HI=gl, (43

S21+1 where the parameteayy is the effectiveg factor for the ro-
{dM|1y= CT(II [ MolI1). (40)  tational motion. Though this quantity can itself depend on
1110

From the definition of the intrinsic magnetic momentwe
have

w={11|Molll). (41)

Consequently we have

)(2jc+1)

™

. . . . 3(2j,+1
<Ja||M||Jc>:<na| al a|nc|cJ c> 4

where the first factor is a radial overlap integral, and

k= jc+% (—1)(jc+|c+l/)_

ja+ %)(_1)(ja+la+1/2)+

(45)
Heregs andg, are the spin and orbital gyromagnetic ratios.

In our calculations, we have adopted the values suggested l?gr

the analysis found in Ref.21], namely 0.70 of their bare
values.

IV. APPLICATIONS

(—
\

the angular momentum, we have found that the use of a
constant valueg,, provides a reasonable, though not perfect,

fit to the data and, at the same time, simplifies our study of
the odd systems. For the resulting valuegypfsee Table I.

B. Matrix elements of the M1 operator for a single particle

For the matrix elements of the M1 operator between
single-particle states we quote the formula frphh as

1)jc_1/2(

proton case™®Th. All but *%%r were studied earlid,8] by

our methods. The results for the neutron cases, in particular,
displayedK = 3 staggering not seen in the experimental re-
sults. We added Er to the mix because it has seuérak
bands and has been used in the past as a classic example of
the Coriolis attenuation phenomenon.

The special technical problems involved in applying our
malism have been fully documented and solved in our
previous papers and will not be repeated here. As far as the
size of the model space is concerned we remind the reader
that for the low-energy data that we are analyzing, it suffices
to describe the core by its ground-state band and those few

ja 1 ¢ 1 k
~12 0 1/2)(1_‘(){595_9' 1+3

S| @

We have applied the theory described above to four nuexcited bands, such g and y bands(but not restricted to

clei, the odd neutron nucléP’Gd, Dy, %%, and the odd

these that show some quadrupole collectivity with respect to
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TABLE I. Parameters used in the calculations reported in this
work. The second column lists the gyromagnetic ratios of the core
nuclei, the third column lists the values of the magnetic dipole
interaction strength, and the last lists the values for the quadrupole
interaction strength.

3.0

— k;=0.564
L ----x=0584
............ K2=0574

[\
2]

g
(=
T

\

s
(]

Nucleus g1 (u,) k1 (MeViu?) Kk, (MeV/fm?) E‘; |
(=

157Gd 0.371 0.045 0.394 gl

15Dy 0.345 0.043 0.368 05

157Th 0.362 0.052 0.420

163y (—) 0.353 0.04 0.366 o0

RO 0353 0.04 0396 I LI a

10
2J[n]

the ground band. We then choose the size of the single- gig 2 The purpose of this figure is to demonstrate that the

particle space coupled to these bands large enough so thgfength of the quadrupole field does not influence the staggering.
further enlargement does not modify the results. In this reThe model is the same as in Fig 1. The valug, of the magnetic
spect we can claim to have essentially exact solutions of oupteraction is set at the value that minimizes the staggering of the
semimicroscopic model, though the question of whethek =1 band. Then the effect of varying, is studied.

these are close to fully self-consistent solutions of the

Kerman-Klein equations remains an open question. In gervalue of 0. At the same time the effect on the shape of the
eral we have found that three major shells centered at th§=3 band is negligible. Next, fixing the magnetic interac-
valence shell suffices. tion at its optimum value, we see from Fig. 2 that changing

For all intents and purposes, our previous calculationghe value ofk, shifts bandhead energies. What is not clear
contained only one free parameter, the strengghof the  from these figures is that in the general case, the magnetic
quadrupole-quadrupole interaction, all other parameters havnateraction also shifts relative bandhead energies. Therefore
ing been determined by other experimental resghsminor  in actual calculations, we first adjust, to give the best
cavil to this assertion is that small adjustments of the spheriresults for other than the staggering, next find the optimum
cal single-particle energies emerging from Woods-Saxorvalue of «;, and subsequently refit bandheads with a new
calculations were permitted for levels near the Fermi sursearch ork,. This is an iterative procedure to find the best
face) In the present work, we have a second parameter, thpair of coupling strengths.
strengthx; of the magnetic interaction, to adjust. We next present the results of our calculations. The odd

Before displaying the results found using the full theory, neutron nuclei’*’Gd and **®Dy were studied previously in
we illustrate the method of fitting the data with the additionalRef. [5]. We found that we could fit the energies satisfacto-
parameter by studying a simplified model involving the cou-rily except that a staggering of K=1/2 band for each
pling of a singlej level to the core bands of Gd and with a nucleus that was not observed experimentally. To obtain the
value of the quadrupole interaction chosen so that we have guality of agreement found in the previous work, it was nec-
lower K =2 band clearly separated from a highe+ 3 band.  essary to include thg band, they band, and an additional
We see from Fig. 1 that for fixed,, the staggering is re- K=0 excited band. In Figs. 3 and 4 we show the results of
duced and finally eliminated as we raigg from its initial ~ the augmented calculations and compare them to those found

previously. It can be seen that the addition of the magnetic

8.0 — dipole interaction removes the unphysical staggering found
s earlier without any serious damage to the rest of the fit.
25 ¢ ! 1 The odd proton nucleus®Tb was used in a previous
study of the status of the traditional core-particle model as an
approximation to the KKDF mod¢B]. In Fig. 5 we see that
in this case no exaggerated staggering was predicted by the
theory without a magnetic dipole interaction. The addition of
a magnetic dipole-dipole field with strength of the same or-
der of magnitude as for the other two nuclei gives, neverthe-
less, a perceptibly improved overall fit to the data.

Last we have applied our theory to the case‘SEr. We
have studied both the negative and positive parity states of
this nucleus. The results are shown in Fig. 6. In the right
panel, which displays the results for the levels of odd parity,

FIG. 1. A model calculation to illustrate the effect of the mag- ON€ Sees that we have found a good fit to the data, which
netic dipole-dipole interaction on staggering. A single-particleincludes threek =3 bands. We note that the fit is best for
space with a singl¢ value is coupled to the ground-state bands ofthose two of these bands for which the data is more exten-
the even neighbors df’Gd. The strength of the quadrupole force is Sive. In the left panel, which is devoted to the positive parity
fixed atx,=0.564 MeV/fm?. The strength of the magnetic dipole levels, there is only a singl& =3 bandhead. The lowest
force is varied to demonstrate the effect of this interaction. band,K =3, the only one that seems to be well-established
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FIG. 3. Negative parity energy levels 6t'Gd. The calculation FIG. 5. Positive parity energy levels ¢F“Th. The calculation

includes single-particle states for three major shells and excite¢hcludes single-particle states for three major shells and excited
bands of the core. On the left is the previous calculation, with theyands of the core. On the left is shown the previous result where the
strength of the quadrupole force set at 0.380 MeV/fand  strength of the quadrupole force is 0.428 MeV#frand i,=0.0
x1=0.0 MeV/u}. On the right is the improved calculation with Mev/.2. On the right is the improved calculation with,=0.420

k,=0.394 MeV/fn? and ;= 0.045 MeVjs? . MeV/fm? and ;= — 0.052 MeVji2.
experimentally, has features that we have failed to captureéhe best fit if the strength of the quadrupole figlgis altered
thus far. slightly from what we had before:,=0.392 MeV/fn? com-
pared tok,=0.394 MeV/fn?.
V. J-J INTERACTION We compare the two interactions to understand their simi-

larities and differences. If only matrix elements diagonal in

As mentioned in the introduction we can achieve resultdoth the core and the particle are considered, it is a well-
similar to those reported above by replacing the magnetiknown property of vector operators that the two interactions
dipole interaction used previously by a term proportional toare equivalent. In fact this equivalence holds very well for
the square of the angular momentum. In Fig. 7 we contrasthe core, since fok=0 bands, withl values differing by
the new calculation thus engendered f6fGd (right panel  two, the magnetic dipole operator has no off-diagonal ele-
with that found in the previous sectigreproduced in the left ments. It is true that we lose this simplification for the
pane). We find that both interactions have a similar effect onband, but the physics we are discussing is dominated by the
the staggering, but that the effect on the relative bandheaground band. When we turn, however, to the single-particle
energies is different. In general, fits of comparable quality
are obtained. To achieve the desired staggering, the strength,

. . 20
k1 of theJ-J interaction should be set at, =0.026. We get
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00 - ® 6 8101214161820 0 254 6 6 101214 16 1820 " FIG. 6. Energy levels of%Er. Single-particle states for three
2 2/ major shells and excited bands of the core are included. On the left

are the positive parity states and on the right the negative parity
FIG. 4. Negative parity energy levels &f°Dy. The calculation — states. For the positive parity states the strength of the quadrupole
includes single-particle states for three major shells and excitefbrce is 0.413 MeV/fid when «;=0.0 MeV/u? (not shown and
bands of the core. On the left is the previous result with the strengtt,=0.399 MeV/fn? when ;= —0.040 MeVﬁLﬁ. For the negative
of the quadrupole force set at 0.383 MeVfmand x;=0.0 parity states the strength of the quadrupole force is 0.375
MeV/,uﬁ. On the right is the improved calculation wiy=0.368  MeV/fm? when x;=0.0 MeV/,ui (not shown and x,=0.366
MeV/fm? and k;=0.043 MeVju2. MeV/fm? when k; = —0.040 MeV/ju2.
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18 in our previous work. Because of the nature of the effect
sought, the most obvious choice is a magnetic dipole inter-
action. There are two such interactions that can be fitted
easily into our semimicroscopic theory, the scalar product of
the magnetic moment operator with itself and the square of
the angular momentum operator. Calculations done with the
former on four different nuclei showed that the excessive
staggering encountered in previous calculations, but absent
experimentally, could be made to disappear with a dipole
interaction strength that remains constant within 10% for the
nuclei studied. For one of the nucléb’Th, where no exces-
sive staggering was calculated previously, we found a slight
improvement to the overall fit with the same interaction
. S Y S Y strength.
R For one case, that of°’Gd, we compared the results
found for the two types of interaction mentioned above and
FIG. 7. Comparison of two magnetic interactions. On the left isfound quite S|mllar, .bUt not |dent|.cal, r(_asults. This sug_gests
Hwat we have identified the multipolarity of the additional

the same fit as in Fig. 3 using the magnetic dipole operator and o . . .
the right the fit using the angular momentum form. For the calcu-'mer'glCtlon necessary to explain the quenching effect, but not

: : : its detailed form.
lations in the left panel, we have,=0.394 MeV/in? with !
k1=0.045 MeV2. For the calculation on the righi,=0.392 Note addedWe have been made aware of a pa[ﬂ?] )
MeV/fm?2 and «}=0.026 MeVj.2. whose method and contents are germane to our investigation.

This paper is also based on the KKDF formalism, employing
R Hamiltonian that in addition to the monopole pairing and
adrupole multipole interactions includes a quadrupole
iring interaction and a spin-spin interaction. Both of the
atter are shown to give rise to Coriolis-type couplings. As
opposed to our exact numerical solutions, the effects of the
Coriolis coupling and of the additional interactions are
treated by perturbation theory. N6= 3 bands are studied,

VI. DISCUSSION but impressive agreement is obtained otherwise for a series

The aim of this paper has been to present a reasonabg/ isotopes of Er and fof*®U. On the other hand the fits are
convincing case, both on the basisaopriori arguments and optained by reducing the observed monopole pairing by 20%
by illustrative calculations, that we have uncovered the or|—and increasing the core moment of Inertia by 15%. It does
gin of the phenomena referred to as attenuation of the Corilot appear that the re_con effeqt has been mcIyded. Nevefthe'
olis coupling. By basing our considerations on a theoretica|ess.’ itis clear that high pr'lc')nty.should'be given to the In-
framework of great generality, we were able to rule out aCI'“'S'_On .Of a quadrupole pairing interaction in our future in-
large subset of explanations offered previously, since we ob?€stigations.
tained evidence of the attenuation phenomenon even when

the physics associated with these explanations was naturally
incorporated in our calculations. The only possibility remain-  We are grateful to Jolie Cizewski for a remark that stimu-
ing to us was to think about adding some term to the pairindated this research. Our work was supported in part by the

and quadrupole interactions that define the Hamiltonian used.S. Department of Energy under Grant No. 40264-5-25351.

= Exp w Exp
| &—© Theory; M1 L o—oTheory; JJ

~ - - -
o [ » >
T T T

Energy (MeV)

fd =4
S =2
(AsW) ABsou3

Q
L)

0.0

space, off-diagonal matrix elements of the magnetic mome
operator can play an important role, as in generating maggu
netic dipole transitions, and are thus the agent responsible f
the slightly different results found for the two interactions
considered.
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