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M1 properties of tungsten isotopes in the interacting boson model-2
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The M1 properties of evert®2 183y jsotopes are investigated in the interacting boson modé®I-2).
The E2/M1 mixing ratios,g factors, and summed 1 strength are calculated. A least-squares fit of the
excitation energies is used to fix the IBM-1 projected Hamiltonian parameters, whitegpin-breaking terms
are adjusted to reproduce tiM1 properties of low-lying states. The influence Bfspin mixing on the
summedM 1 strength is studied using the coherent state technique in perturbation theory. When the standard
bosong factors are used, thd 1 properties of the low-lying states are described satisfactorily, but the summed
M1 strengths are found to be larger than present experimental values. Pgs§iolor adjustment, which
reconciles the calculated and experimemdl strength, is discussef50556-28136)03306-7

PACS numbsgs): 21.60.Fw, 23.20.Gq, 23.20.Js, 27.7Q.

[. INTRODUCTION is the summedM 1 strength measured for rare-earth nuclei
[13]. When calculated in the IBM-2, it is found to be pro-
Since the introduction of the interacting boson modelportional to @,—g,)?. If the Hamiltonian isF-spin invari-
(IBM) [1], there has been a considerable interest in studyingnt, the summet 1 strength is given by the Ginocchio sum
the M1 properties of even-even nuclei in this mo@2+5]. rule [14] and is proportional to the average number dof
Whereas in the IBM-1 version of the model il transi- bosons in the ground state. On the other hdndpin break-
tions are allowed, unless more than a one-body transitioing may affect the summebl 1 strength[15,16. Therefore,
operator is used, the IBM-2 version allows such transitionsonce one decides to studl§1l properties using the IBM-2, as
among the low-lying states and, moreover, predicts the exmany characteristics as possible should be considered simul-
istence of a new class of states, which should have stronganeously.
M1 transitions to the low-lying states. Such states, in par- The tungsten isotopes were studied previously using the
ticular the so-called scissors mode Istates, have been IBM [17]; however, in that investigation mainly the excita-
found experimentally6]. It should be noted tha¥l1 transi- tion spectra andE2 properties were explored. In this paper
tions among the low-lying states in the IBM-2 are possiblewe calculate the spectr&?2 transitionsE2/M1 mixing ra-
only if the F-spin symmetry of the Hamiltonian is broken. tios, 2, g factors, and summel 1 strength for the tungsten
Quantities, such a&2/M 1 mixing ratios, are very sensitive isotopes®218418Qy. A least squares fit of the excitation en-
to the particular way, in which this symmetry is broken, andergies is used to obtain the IBM-1-projected Hamiltonian
so they may provide restrictions on the parameters used iparameters. The 2 stateg factors and the delt&2/M1
the model, which cannot be obtained from fitting the EXCita-mixing ratios are fitted by adjusting th‘.e.spin-breaking pa-
tion energies and the strongds2 transitions. rameters, mainly the difference of th#-boson energies
If a one-bodyM1 transition operator is employed, then (e,—¢,) and the quadrupole operator parameters
one is left with two free parameters, the proton and neutrofty _— ). This is a similar approach to that used success-
g factors. As the collective-statd 1 transitions are believed fylly by Kuyucak and co-workers to reproduce the Pt and Os
to have orbital character, one expects,~1luy and g factors and mixing ratiof11,12. Next the summedv1
g,~O0uy, which is also supported from different micro- strength is evaluated. To understand the departure from the
scopic calculation$2,7,8. However, when the 2 stateg  Ginocchio sum rule, calculated using the obtained ground-
factors are calculated, the maximaF-spin value state mean value afy, we employ the coherent state ap-
[(N,/N)g,.+(N,/N)g,] often fails to give agreement with proach and perturbation theory. In this way we are able to
experiment, when the standard bospfactors are usef®].  derive an analytical formula which explains the contributions
To resolve this discrepancy;-spin mixing can be called of different F-spin-breaking terms to th#1 strength. We
upon again. It has been demonstrated that, in particular, théhow that theF-spin breaking, obtained from the fit to the
difference between the proton and neutron sirtyleeson  low-lying state M1 characteristics, improves the summed
energies affects the;2stateg factors considerably8,10—~ M1 strength agreement with the trend given by the measured
12]. points. However, the absolute values of the sumnvktl
A recent, prominenM 1 characteristic of deformed nuclei strength obtained in the present calculation are greater than
the experimental values, when the standard bagdactors
are used. To get to the experimental poirnts,must be re-
*On the leave of absence from the Institute of Nuclear Physicsduced by more than 10%.
Academy of Sciences of the Czech Republic, 250 &% Rear In Sec. Il we comment on a recent tungstEE?/M 1 mix-
Prague, Czech Republic. ing ratio calculation by the Sussex grol®8], in particular,
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FIG. 1. Excitation energy dependence on the Majorana intera

tion parametert,. The lowest 0 and 2" states, as well as the

1 state are shown. The IBM parameters used are the same as those B P 3 2
in Ref.[18], Fig. 5. More states are shown, however. E(Fma— LK=17)~=(ng)é&+(ng)(5 &1+ 5 &a),

“or the mixed-symmetrk=1"* band is

and for theK =2" mixed-symmetry band is
on the conclusion made there that a different energy depen-
dence of the T and 2" mixed-symmetry states is obtained, E(Fmax— 1LK=2")~(ns) &>+ (ng) s,
when the Majorana interaction parameters are varied. In Se

Il we present our results for ZXCItatIOI’l energie, values,  p,qqng respectively, in the coherent ground state. It should
E2/M1 mixing ratios, and the 2g factors. TheM1 strength e poted that these dependences are reflected in Fig. 1.
results are presented in Sec. IV and conclusions are drawn in

Sec. V.

%here(ns> and(ng) denote the average number®andd

Ill. M1 PROPERTIES OF LOW-LYING STATES

In the present calculation we use the standard IBM-2
Il. DEPENDENCE OF MIXED-SYMMETRY STATE Hamiltonian
ENERGIES ON THE MAJORANA

INTERACTION PARAMETERS H=eNgr T 2,Na +Kr Qe Qut Vg +V, + Moy,

2
Recently anE2/M 1 multipole mixing ratio calculation in  with
182,184,184\ was reported18], in which good agreement with
the experimental values was achieved by varying the Majo- , _1, o5 .0 + e (dtdhHL. (G dHw
rana strength paramete&s. In the present calculation we o= 2KQp Qp L:20,2,42 Lol dpdp) - ()
take a more traditional approach of keeping the Majorana
interaction fixed and changing other Hamiltonian parameters. p=m,v, 3

We would like to comment, however, on a conclusion drawn

in Ref. [18], namely, that a different dependence éris and
obtained for the mixed-symmetry *1 state than for the —(qt 13 \(2) 3 \(2) —
mixed-symmetry 2 state. In particular, the conclusion was Qp=(d;S, ¥ 5,87+ xp(dydp)™ p=mv (4)
reached that the 2 mixed-symmetry state saturates and be-The Majorana interactioM ., is given by Eq.(1).

comes constant at about 2 MeV, while thé &tate energy The Hamiltonian parameters are fitted to obtain the exci-
increases linearly witl,. This aspect was discussed in Sec.tation energies and the electromagnetic properties in the fol-
Il and demonstrated in Figs. 4 and 5 of REE8]. In those lowing way. A least-squares fit to the excitation energies of
figures, only the lowest four 2 states were shown. Using the each isotope was attempted in the full IBM-2 calculation.
same set of parameters as the Sussex group, we have rec@nly six parameters, however, were varied in the fit, namely,
culated the dependence given in Fig. 5 of R&8] but for

more excited states. Moreover, we have evaluated the maxi- e= & e & e (53)

mal F-spin projector mean value for different states. The N7 N7

results of our calculation are shown in Fig. 1. Our findings
disagree with those of Ref18]. The F-spin projection cal-
culation confirms that the states for which the energy re-
mains constant with the increasigg are dominantlyF .
states, whereas the states for which the energy increases lin- k=K, (50
early with & are dominantly of mixed-symmetry nature.
There is no saturation of the"2mixed-symmetry state en-
ergy with increasingt. The energy dependence of different

_Na +N” 5b
X_WX']T WXV' ( )

CL:[N"IT(N‘IT_ 1)CL77+ NV(NV_ 1)CLV]/N(N_ 1)1

bands on the Majorana strength parameters can be under- L=024, (5
stood using the coherent state technique, which we will apghile the differences

ply in Sec. IV. Here, let us just mention that using a Majo-

rana interaction defined as Ae=¢_ —¢,, (6a)
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TABLE |. IBM-2 Hamiltonian parameters used in the calcula-
tion for the 186184184y jsotopes. The boson numbers arg=4 and
N,=7,8,9, respectively. The Majorana interaction parameters are i
&= &,=&3=¢&. They parameters are dimensionless. The other pa- 186
rameters are given in MeV. W
186y 184 183y .
4 — +
> S “‘
. 0.622 0.617 0.585 2 N .
€, 0.322 0.367 0.685 = 1F 2, —— A4 T
K., -0.094 -0.100 -0.122 0 — 3 e
Y -0.627 -0.730 -0.669 & 7 P -
X -0.327 -0.480 -0.819
Con -0.437 -0.383 -0.289 [
Co, -0.357 -0.343 -0.289
Com -0.260 -0.225 -0.202 A
c,, -0.180 -0.185 -0.202 0ot ——
Cam 0.105 0.049 -0.060 exp calc exp cale exp calc
Cap 0.025 0.009 -0.060
£ 0.12 0.10 0.09
FIG. 2. Experimental and calculated excitation energies in MeV
of 8%V, The Hamiltonian parameters are presented in Table I.
AX:X‘IT_XVY (6b)
the standard bosog factorsg,,=1uy andg,=0. TheE2
Ac =cLp—cp,, L=024, (60 boson charges were chosen to reproduce the ground-state—

i ) . band transitions. The adopted proton chargeejs=0.15
were kept constant throughout the fit and the Majorana interg b, while the neutron charges a@e=0.13,0.12,0.1& b for
action parameters were restricted by the condition186,184,1sw respectively.
¢1= €= &3 and adjusted to yield the"1state around 3 MeV. It is apparent that the calculated spectra are in good agree-
Further, we sek,=0, p=m,». The E2/M1 mixing ratios  ment with the experimental ones. A characteristic feature of
and the Z g faptors are particularly sengitiv_e to fche differ- the present calculation is the appearance of nonzgro
ences(6). We tried to find the best combinations in order t0 terms, Excluding those terms from the fit and setting them to
reproduce the experimental data. zero would lead to a substantially worse description of the

We use theE2 operator spectra. From Table | we observe that and y, remain
_ almost constant for all the isotopes, whiég and |y,| in-
T(E2)=e,Q-+e,Q,, (M) crease fromt88w to 284w, Thec, parameters get reduced on
average with increasindyl,. We also get a reasonable de-
scription of theE2 transition and the quadrupole moments.
Note that the 2 states in all the isotopes are th¢ Btates,

with the quadrupole operators given by Eg), and the
M1 operator

3
T(M1)=\/7(0,L,+g,L,), ®

with L,=10(d'd,)®, p=m,v. The E2/M1 mixing ratio 5L
is defined b
Y 184

(FIT(E2)]]i) w

5(E2/M 1):0'83EY[M6V]W’ (9)

with the E2 matrix element given ireb and theM1 in
un- Theg factor of a statek) is obtained from

E [MeV]
|
|

oo (dITMDIK
KK (V3Tam) (L, + L) [k)

The IBM-2 parameters obtained fd#%841%\ are sum- 4 —
marized in Table I. The boson numbers usedMye=4 and
N,=7,8,9, respectively. The corresponding calculated and
experimental energy spectra are shown in Figs. 2, 3, and 4.
The E2 transitions with the quadrupole moments are shown
in Table 1l and they factors together with thE2/M 1 mixing
ratios are presented in Table Ill. For this calculation we used

(10 6 — —

exp calc exp calc exp cale

FIG. 3. The same as in Fig. 2 fafW.
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TABLE II. Experimental and calculateB(E2), in e® b2, and quadrupole moment, imb, values for
186,184,18%y, The boson charges used are=0.15 e b, ande,=0.13,0.12,0.11e b for 18618418y respec-

tively. The experimental values are taken from Rgt@—23.

186\N 184\/\/ 182\/\/

B(E2) Expt. Calc. Expt. Calc. Expt. Calc.
2707 0.70516) 0.666 0.740L9) 0.746 0.83018) 0.850
47 —2f 0.91463) 0.941 0.99837) 1.051 1.20161) 1.199
6, —4; 1.12382) 1.011 1.1382) 1.127 1.226135 1.290
2507 0.0585) 0.023 0.027414) 0.0132 0.02(1) 0.006
2525 0.1276) 0.060 0.05225) 0.0274 0.040) 0.010
25 4] - 0.0043 0.003®) 0.0023 0.0002(11) 0.00021
2507 - 0.0000 0.001@) 0.0003 0.0061) 0.001
2405 - 0.464 - 0.564 1.22869 0.486
25 —2f - 0.0000 - 0.0004 0.0039) 0.0023
Q Expt. Calc. Expt. Calc. Expt. Calc.
25 -1.5730) -1.623 -1.98%55% -1.738 -2.00" 55 -1.864
25 1.33) 1.489 2.361052 1.594 1.9415%% 1.185

2797

while the 2 states are the; states, both experimentally above-mentioned experimental band; e.g., the calculated
and in the calculation. We were able to reproduce theg2 E2/M1 mixing ratio §(E2/M1;2, —2;)=+6.3 compares
factors as well as most of tH2/M 1 mixing ratios. In par- Well with the experimental value of 13" °.

ticular, all the signs are reproduced correctly. It should be Recently, the properties of low-lying states in the tungsten
noted that a sign change appears in both tEje—>21+ and isotopes have alsc_) been calculated within the context of the
2;—27 transition mixing ratios, when going froff4w to dynamic deformation modeDDM) [24]. In Ref.[24] the

183 in 183 . o authors have mainly focused on an analysis of quadrupole
- Moreover, in "W there is an opposite sign between moments, for which reasonable agreement is also obtained in
the 2,—2; mixing ratio and the 3—>21 and 3$—>41

< ; the present IBM-2 calculations. Note that we obtain a rea-
mixing ratios. We were able to reproduce all of these feaggnaple value for the branching ratioB(E2,2}
tures in the calculation. Mainly, the sign changeAof and —27)/B(E2 2¢_>41+) in 183y, which is considerably un-
Ax for **W in comparison to'*W is responsible for this  yerestimated in the DDM. Unfortunately, only of®/M1
effect. We also calculated the admixtures of lovresspin mixing ratio is given in Ref[24] (—43 for the g_}zr

states in the ground state. They are 1.4%,2.0%,1.1% fotrransition in 188V to be compared with the experimental

186,184,18 ;
Let us%’\tl’;lylsrgsrﬁz(r:#i\(l)?]hgne more interesting point. There is value —1lf§ and the IBM-2 result=15.4). One should,
9 point. %owever, keep in mind that the DDM approach is more mi-

. _ + . 18 . . _
sec;onqthe?ﬁ |te(()1l+( =0 barldllgg :)lN \Enotjrjzown In thf Zﬂng croscopically motivated than the present phenomenologically
ure wi N energy ~. eV and < energy . oriented IBM-2 analysis.

MeV. In the calculation we get &=0" band with Q at
1.200 MeV and Z at 1.364 MeV. It is a candidate for the

TABLE 1. Experimental and caIcuIathZ/Ml mixing ratios 2+ 182

and theg factors inuy for the 8618418y isotopes. The standard W

bosong factorsg,=1uy, 9,=0 were used. Th&2 charges are .

the same as used in Table Il. The experimental values are taken . 5+ -

from Refs.[19-22. r 4 4+ —

+ 3 T

oy oy sy 3 2T T

S5(E2/M1)  Expt. Calc. Expt. Calc. Expt. Calc. :2:" L

2525 -11"3 -154 -16.96) -17.1 +30°5 +20.3 R

2 2f - +2.2 +236) +30 -97% 21 68—

3527 - -18.9 -13.29) -20.3 -—33'% -19.4 I

354 - 71 -888 -87 -89 -108 A

4;—4; - -82 —6.33% -85 +56'13 +35.7 +

47 47 - +19 -  +15 -2.810 -1.3 5 §+ —

g Expt. Calc. Expt. Calc. Expt. Calc. exp calc exp calec exp calc

ZI 0.30812) 0.314 0.2887) 0.289 0.2687) 0.251

25 0.204) 0.245 0.124) 0.189 - 0.175

FIG. 4. The same as in Fig. 2 fafaw.
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IV. SUMMED M1 STRENGTH AND THE F-SPIN MIXING summedM1 strength in a non-negligible manngt5,16.
. . . . . The summedV 1 strength for the tungsten isotopes was re-
In the previous section we studied hdwspin-breaking cently measurefl25]. An interesting feature of the summed

terms of the IBM-2 Hamiltonian influencg factors and  \11 girength for the tungsten isotope is its reduction in com-
E2/M1 mixing ratios. The Hamiltonian parameters were ad-arison to other rare-earth nuclei, in particular those below

justed to obtain the best description of those quantities. If thene middle shell. In this section we report our results of a

IBM-2 Hamiltonian is F-spin invariant, then the summed symmedM 1 strength calculation. Moreover, we discuss how

M1 strength is given by the Ginocchio sum riilet] the F-spin breaking influences the summed strength in the
coherent state formalism, using the angular-momentum-

NzN, (11) projected 1IN expansior{26—28 and perturbation theory in

N(N—-1)" an analogous way as it was used recently forgliactors| 8]

andE2/M1 characteristic$29].

It was noted already thd&t-spin breaking may influence the  The summedV1 strength is given generally by

- +y __ 18
2, B(MLO[ —11)= 7—(9,~9.) %)

3
> B(M1,0/ —»1)=—(9,—9,)%g.s.J=0"|(L,—L,)®-(L,—L,)M|g.s.)=0"). (12)
i 167

The Ginocchio sum rul€ll) can be obtained up to theN/corrections in the intrinsic state formalism with the axially
symmetric ground-state band projected from

19.5-Frnas K=01)=(NIN,1) YT T)N=T TN, 0y, (13
where

IT=xosi+x,d8,, p=mv, x5+x5=1. (14)

In the case oF-spin breaking, the ground stat&3) mixes with lowerF-spinK=0" states. There are two such states
which contribute significantly to the summed strength, namely,

IN, ~ N, <
|Fmax—1,K:o+>:N—1/Z[ N Ll a— N—rjryhg.s.FmaX,K:ow, (15)

F;Z—Xzs;—i-xodgp, p=,v, (16)

where

and

|Frna— 2K =07)=[(N=1)(N=2)] 4 JN,(N, = 1)d],d", [T~ *T}") — (N, = 1)(N,~ 1)
x(d],dty,+d"dl )TN TNl NN, = Dd],dt o T2y (17)
The statg15) is orthogonal to the3-band intrinsic state
|,81 Fmax: K= 0+>: N71/2[’f1‘7rw+'fzr v]|g-s-Fmax’ K= O+>- (18)
On the other hand, the states that complete the two Tamm-Dancoff boson sga@eart unphysical and are proportional to
the rotations of the ground state and the 1" state. For example, it can be checked that the projection ofthis— 1 state
on J=0 is zero. The situation here is analogous to the discussion by Leviatan ifi3REf.
The mixing amplitude of thé,,,— 1 state(15) into the F ., state(13) can be estimated perturbatively,
1
Eg.s._ EF —1

max

<F max_1-K:0+|H|Q-S-FmaxyK:0+>a

and similarly for theF ,.,— 2 state(17).
Up to 1N corrections and terms linear in mixing amplitudes, the final formula estimating the departure from the Ginocchio
sum rule due to th&-spin breaking is obtained after some manipulation,
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2 B(Mlq—>1+):E(g -g )%WD& 1+2 1 ENV_N"TH
i ) i Qg o7 I N(N—-1) Egs— EFmax_l X, N—2 gl
1 (N,—1)(N,—1)
+2Eg.s._ EFmax—z N—2 921 (19

with (ng)=x3N, and
Ha1=X0%(& 7 2,) XN Z5Krus X X~ Ko (N N )X 25— 2X8X0 + (ot x) V2 X203~ 333) + 2 X, X3 ]
T 1,083 X\ 3 XX 2(N = 1) (25X~ XV 2 XD — X3 1= 3K, 08—~ X\ XoXo) [ 2(N,— 1)
_ \/Z N \/E 3 1yl 2 18 (N — 1)L 2 18
X(ZXZXO Xv 7X2) Xv 7]+X0X2[(N7T 1)(5C0~rr+7c27‘r+ 350477) (NV 1)(5COV+7C2V+ 35C4V)]! (208)
Hg2=2kwv[xé_(X'rr+XV)\/EXOXZ_FX#XV1%1Xg]_kw(xg_sz\/gXOXZ_FXErl%lxg)_kv(xg_z)(v 11_4X0X2+X1211L4X§)

+X5[ = & (CorTCoyp)— 3 (ContCo,)+ 32 (CamtCyy)l. (20b)

Equation (19) shows that the contribution to the summed changed. With this choice, thE2/M1 mixing ratios pre-
M1 strength from the=-spin mixed components interferes sented in Table Il should be divided by 0.82.

with the main contribution from thé& ., state. From Eqg. We can see from Fig. 5 that tHe-spin-breaking contri-
(190 we can also deduce how different Hamiltonian bution improves the trend of tHd 1 strength in comparison
F-spin-breaking terms affect the summetl strength. The With the Ginocchio sum rule values. Using our coherent state
dominant contributon comes from the quadrupole-analysis, described above, we observe that the dominance of
quadrupole interaction, particularlykf, =k, =0. We can see the ¢y terms in 1991840 leads to a decrease of the strength,
that theF 2 contribution is positive fok,,,<0. It leads Whereas in®W the quadrupole-quadrupole interaction con-
to enhancement of thil 1 strength. On the other hand, the fibution becomes dominant due to the increask of, and,

c_ terms with values like those given in Table | dominatetOgemer with the sign ch_ange O, contrlbl_Jt_es to the_ fa_‘Ct
the F,.,— 1 contribution and lead to a decrease of M that theF,,,— 2 contribution becomes positive for this iso-
strength. Apparently, iN_~N,, the F,.,—1 contribution tope qnd enhances the strength. We ch.ecked the forthella
becomes unimportant. In general, the andAy breaking PY USing the parameters and the energies oFthg—1 and

has a small effect on the summbftil strength.

Results of our numerical calculation, as described in Sec. 3
[l with the parameters given in Table I, of the summed
M1 strength for'818418y are shown in Fig. 5. The solid
line represents the calculation with the standard choice of the
g factorsg,=1uy, 9,=0, and the dashed line shows the
Ginocchio sum rul€11) values calculated using the ground-
state expectatiofing) taken from our calculation. We get
(ng)/N=0.501,0.567,0.567 forl®18418gy respectively.
We observe that the calculatddl strength is higher than
the experimental one. This aspect can be addressed in two
ways: by reduction ofng)/N or by reduction ofg,—g, .
The mean valuglng)/N may be reduced slightly if the +
guadrupole-quadrupole interaction among like nucleons is
introduced to the Hamiltonian. One can obtain almost the *
same fit to the spectra and the saRRtransitions, using this
interaction. However, th# 1 properties are influenced by it. 50 59 5.4 5.6
Choosing, e.g.k,=k,=k_,/4 still preserves the correct
E2/M1 mixing ratio signs. However, we were not able to get
an overall descriptiﬁn as good ahs the one With?m thils inter- FIG. 5. Experimental and calculated summéd. strength in
action. Moreover, thé1 strength was not significantly re- 2 182,184,18 ; _
duced. Using the second optign, reductionggf—gv, o)r/1e fmefogond line (‘/zoz;se: function of the param-eta_-ZN”_N”/N'

! i ponds to the calculation with=1uy,

gets the points connected by the dotted line in Fig. 5. Thgy —o, and parameters from Table I. The dashed line represents the
newg factorsg,=0.88uy andg,=0.06uy were chosen in  Ginocchio sum rule result with the averageboson number taken
such a way that the summed1 strength of'®AW is repro-  from the calculation. The dotted line corresponds to the calculation
duced and, simultaneously, thg 2 factors are almost un- with g, =0.88uy andg,=0.06uy .

D

1

M1;0t-1?

B(

P
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Fmax— 2 states from the numerical calculations. For exampleformalism. TheM 1 strength magnitude is correlated with the
in the case of'®3W the F,,—1 0" state corresponding to deformation, and sB-spin breaking cannot affect it dramati-
(15) is the 7th state with excitation energy 3.67 MeV, while cally. We found, however, that thE-spin admixtures can
the F— 2 0" state corresponding td7) is the 22nd state change the summeli 1 strength from the Ginocchio sum
with excitation energy 5.79 MeV. In the present calculationstule by about 10% with the ground state having 98% of the

Eq. (19) reproduced the numerical calculation results up tomaximal F-spin component. Th&-spin breaking essential
1%. for the correct description of the low-lyinlyl1 properties

improved the agreement of the sumnidd strength trend in
V. CONCLUSIONS comparison with the Ginochio sum rule. However, the cal-
culated magnitude is too large when the standard bgson
In this study we calculate 1 properties of the tungsten factors are used. To obtain the experimental value'faw

iSOtOpeS 182_18% in the IBM-2. The Hamiltonian param- we had to Change the bos@"lfactors togﬂ_: OS&LN and
eters that are essential for obtaining correct excitation spectiq — .06y, . With this choice, the calculated, 2g factors
were fitted by the least-squares method in a full IBM-2 cal-giyen in Table 11l remain almost unchanged. This change of
culation. On the other hand, the parameters to which thehe posong factors may still be acceptable from the micro-
low-lying stateg factors andE2/M1 mixing ratios are the  gseopic point of view; however, we do not have an immediate
most sensitive, such ase, Ay, were adjusted So as t0 0b- eyplanation for it. It appears that the reduction of the
tain the best results. Using this approach, we were able toummedMvi1 strength for rare-earth nuclei above midshell is
reproduce satisfactorily th#1 properties of the low-lying  yather systematic. Clearly, more calculations, like the one
states. Atthe same time we were able to make predictions fQfresented here, are needed for other isotopes to see if the
the 2; stateg factors. A similar success was achieved re-|g\M-2 can explain theM1 properties consistently, or if

cently by Kuyucak and co-workers in an analogous approacBome other mechanism beyond the scope of the model must
for the Pt and Os nuclgil1,12. This may indicate that the pe taken into account.

IBM-2 is capable of describing th®11 properties of even-

even rare-earth nuclei. We note that, unlike the gxcitation ACKNOWLEDGMENTS
spectra and the strorig2 transitions, theM 1 properties re-
strict significantly the Hamiltonian parameters. This work was supported by the NSF Grant No. PHY93-

We also calculated the summeétil strength and studied 21668 and by the Czech Republic Grants Nos. GA ASCR
its dependence oR-spin breaking using the coherent state A1048504 and GA CR No. 202/93/2472.
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