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The g factor of the first excited 2state of*®*Yb was measured by perturbeey angular correlation in an
external static magnetic field of 5.55 T. The resg(121')=0.315), extends the systematics 9(21) for Yb
isotopes down tdéN=94. The behavior of the known experimental valueg(@) vs neutron numbeN for all
isotopic chains from Ba to Pt is discussed. Several trends are observed: for some chains, especially in transi-
tional regions, a rather strorld dependence of thg factors is observed; in regions of stable structure this
dependence is much weaker, and for the Yb and Pt chains it is almost flat. While the different behaviors can be
separately explained by valence or collective models, a unified interpretation of these systematic trends remains
a challenge to microscopic theories.
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I. INTRODUCTION dependence oA andN thanZ/A, and was found to be in
) ) ~ good agreement with experimental data for many isotopic

The magnetic moments of] Btates in even-even nuclei chains. Important support in favor of this model was pro-
have been used for a long time in order to test the validity ofjided by the fact that the slope of the experimental values of
nuclear models. The simplest modelgfactors is that fora  g(2]) vs N for quite a large number of isotopic chains
singlej configuration in the shell model, that is, for states of changes sign at midshell, as expected in the IBA when par-
the form[j"J) for the outermost nucleons. Such a simpleticles change to holes. This would be an indication for the
configuration is often amenable to a treatment in terms of th@resence of valence particle effects. These effects have been
concept of seniority. Fog factors, the relevant operator is of discussed in several papers, and in one of thiéhexperi-
one-body odd tensor form. Such operators conserve senioritpentalg-factor data were used to estimate the effective num-
and their expectation values are independent [if]. There-  ber of valence protons in some rare-earth isotopes.
fore, this scheme predicts constatactors. Of course, me- Although the relatively stron§yl dependence af(2;) is a
dium and heavy mass nuclei such as those considered hecemmon feature of many isotopic chains, in some cases an
exhibit collective properties associated with large and comalmost constant dependence was observed. One of these
plex configuration mixing. Therefore collective models ¢pr chains, for whichg(2;) was measured for a large number of
factors should be considered. One of the first and simplest déotopes, is that of the platinum isotopes. Stuchlegrgl. [5]
these collective models, proposed by Greifr assumes a have measured(2;) for 184pt, 1¥%t, and®¥t, thus extend-
hydrodynamical behavior of the nucleus, and predicts théng the systematics of magnetic moments for the platinum
simple and well-knowrZ/A dependence af(2}), with cor-  isotopes fromt®4Pt to 19%t, i.e., fromN=106 toN=120. The
rections which take into account the vibrational or rotationalresults show a near constancygi®;) for the entire range,
character of the specific nucleus involved. With the accumuincluding the prolate toy-soft shape transition around
lation of experimental data, many deviations from this=190. Although this is the same as the seniority scheme pre-
simple model have been observed and the need for the integfiction, it would not be expected to apply for heavy collec-
pretation of the data within different models has become evitive nuclei whose structure emerges from a mjltiighly
dent. In particular, for many isotopic chains the dependenceonfiguration-mixed environment. Whether the constancy of
of g(2]) on the total number of nucleons was found to beg(2]) somehow reflects a remnant of seniorityr general-
much stronger than the wea@k A prediction, thus suggesting ized seniority, or whether it arises from purely collective
that not all the nucleons take part in the collective motion.effects is not clear. Also not clear is why the Pt isotopic chain
Sambataret al. [3] have shown that the proton-neutron ver- differs from other nearby elements such as W and Os and
sion of the interacting boson approximatigiBA-2) pro-  how far in neutron number the constancy survives. To ad-
vides a simple prediction for thg(2}) values of many even- dress the latter question in the Yb isotopes is a motivation for
even nuclei, which depends only on the number of valenceéhe present study.
nucleons. This prediction gives of course a much stronger The Yb isotopic chain is of particular interest because the

0556-2813/2004/63)/03432@5)/$22.50 69 034320-1 ©2004 The American Physical Society



Z. BERANT et al. PHYSICAL REVIEW C 69, 034320(2004)

Beam 164Lu
Collimators ~
HpGe detectors 3.1 min
T t =
arge o
o @ B2 aae 1144.4
: * 2 g 83 § b 1073.5
Plug (Pb) @9 s 3 4 1003.8
o . o 975.6
]
@) g & 863.9
3
6* il 759.7
Tape holding «
box na . qQ
Scattering  Aluminized Superconducting ) g
chamber Kapton tape magnet 4 A 3856
=
FIG. 1. Schematic description of the experimental system. S
2 3 by 123.4
= (.881(35)ns
existing data, from*’%vb to "6yb, includes the midshell & 20 758 min
(N=104) isotope'’#Yb, a point at which the IBA-2 predicts o
a change in slope for thgtfactor dependence dx, an effect 70Yb

not seen experimentally.
The purpose of the present work was to measuregthe  FIG. 2. Partial decay scheme &#_u to %4Yb, showing data
factor of the 2 state in'®#Yb in order to extend the system- relevant to the present workrom Ref. [8]).
atics for this isotopic chain froml=94 toN=106 and ascer-
tain whether theg factors for the Yb isotopes, like those of A partial decay scheme df4.u to 1%%Yb is presented in

Pt, exhibit no dependence & Fig. 2[8]. The half-life of the 2 state is 0.88@5) nsec([8];
since this value is of the order of magnitude of the electronic
Il. EXPERIMENTAL TECHNIQUE timing resolution, in the present work the integral perturbed

) . angular correlation techniqué®] was used in order to mea-
The experiment was carried out at the tandem acceleratQye jtsg factor. When using this technique, one measures
of the Wright Nuclear Structure LaboratofWNSL) at Yale  {he -y angular correlation of a given cascade in an external
University. A preliminary report of the present results wasgiatic magnetic fieldB, perpendicular to the correlation
presented elsewhe{é]. plane. The correlation function for a cascade with spin se-

~An experimental setup fog factor measurements of ex- quencel, 11, is given by the expressiofsee Ref[9])
cited states in proton-rich nuclei was recently implemented

on one of the beam lines of the WNSL accelerator. The setup Kmax by
consists of a Kapton moving tape collector system connected W(6,B)=1+ 2, >
on one side to a reaction scattering chamber and on the other k=2 V1 + (ko)

side to a superconducting coil which can provide static MYy hereb, are the angular correlation coefficients for the given

.'EascadewB=g,uNB/h is the Larmor precession frequency of

the tape and transported to th_e center of th_e coil in a Cy(.:“?he magnetic moment in the external magnetic figlds the
movement. A plug placed behind the target in the Scaltering, ¢, ctor of the intermediate level with spin 7 is the mean
chamber prevented the unscattered beam from directly hif; '

ting and burning the transport tape. The distances target'—fetlme of this level, and the angular shiftd is given by:
plug-tape were chosen according to the kinematics of the tan kA 0= kwg.
reaction, so that a large proportion of the heavy reaction
products will hit the tape. This system was used to measurgor small anglesAé is approximately equal to the preces-
v-y angular correlations in nuclei produced following sion anglewg7. From the above correlation function we see
B-decay of the reaction products deposited on the tape. Ahat the application of the external magnetic field has two
detailed description of the moving tape collector techniqueeffects on the angular correlation: it causes an angular shift
was presented elsewhed. A# and an attenuation of the anisotropy given by
In the present experiment, an 88 Mé¥N beam with an  y1+(kwg7)?>. Measurement of the correlation with and
intensity of about 15 pnA was used to produce the parentithout the magnetic field determines the angular shift,
184 u activity via the reaction'®*Gd(**N,5n)'%4u. A self- and the reduction of the anisotropy. From these quantities
supporting, 5 mg/ci) 99.82% enriched®*Gd target was theg factor of the intermediate state of the cascade can be
used. A multidetector angular correlation system consistingleduced using the above relations. Another way to deter-
of eight HpGe detectors with efficiencies of 20—25% was setine theg factor is to measure the coincidence intensity
around the center of the superconducting coil. A schematit(6,B)=1,\W(6,B) at a given angl& with field up and field
description of the setup is given in Fig. 1. down, and then deduce the double ratio

cosk(0—-A0),
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The correlation intensities for field up and field down are EN€r9y gate was set on th§-207, 123.4 keV transition. The en-
ergies marked on the peaks are in keV.

obtained from the correlation matrix using the usual conven-
tion for positive and negative angles, as given in Rét.
The use of the double ratio to determine théactor has the
advantage that normalization factors cancel out, and the onl

. +
correction needed is for the effect of the finite solid angle ofP"éSent the calculated values &(6,B) using g(2,)
the detectors on the angular correlation. =0.325) for all the cases, except the oi@t 1459 which

For a giveng factorg, external fieldB, and mean lifetime ~ Was used to determine tigefactor. Within experimental er-
7, the maximum double rati®(6,B) is obtained for 6-2  rors, all values in columns four and five are consistent. This
— 0 correlations, at angles of about 35° and 145°. Thereforenay be considered as evidence that no significant systematic
the angles between the detectors were chosen so that 12 @fors were present in the experiment. We also mention that
the total 28 pairs of detectors were at 35° or 145°. The angleB(180°,B) should be 1.000 for all the cascades irrespective
of the present setup are marked in Fig. 1, and the number aff the spin sequence or value of tgdactor.
pairs at each angle are given in Table I. Tiéactor value We now discuss the significance of the result in the frame-
was extracted from the coincidence data at angles 35° anglork of two different models: the hydrodynamical mogi2]
145°. The other angles were used as a consistency check fand the IBA-2[3]. In Fig. 5 we present the systematics of the
systematic errors. We used an external magnetic field oéxperimental data fog(2}) vs the number of neutrors for
5.55T. The experiment was run for about 110 h with fieldihe yp jsotopes, and the calculated values using these two
up, and 105 h with field down. models. The experimental data fdi=100—106 were taken
from the tables of Raghavgi0O] and Ston€g11]. The pre-
dictions of the hydrodynamical model were calculated for
both vibrational and rotational statg®]. For the IBA-2 cal-

In Fig. 3 we present a typical coincidence spectrum ob<culation we used the well-known relatig8]
tained when a gate was set on the 123.4 ke\/;»D; tran-
sition. The double ratio was calculated from the coincidence

consistency check. In the last column of Table Il we

IIl. RESULTS AND DISCUSSION

data for the 852-123, 740-123, and 262-123 keV cascades. 18 ' ' ' ' '
The results are presented in Table II. Tépdactor was ex- 171 .
tracted from the value ofR(6,B) at 145° for the 16l ]
852-123 keV, 0—2*—0* cascade, by comparing the cal- 73 5 i
culatedR(6,B) for various values ofy(2;) with the experi- g ) yd
mental result. This comparison is presented in Fig. 4. We e 141 )
obtain T 13 .
Uex(27) = 0.325). 12 g,,=0:32£0.05 1
11} 1
The experimental value oR(145°B) for the 852- 10 . . . .

123 keV cascade is quite large—1.568—due to several 01 02 03 04 05 06
factors: the relatively long lifetime of the 123.4 keV level, g-factor

the strong anisotropy of the*6-2*— 0" correlation, the

value of theg factor, and the strong external magnetic field. FIG. 4. The calculated double rati(145°,5.55 T vs theg
The angular shift of the correlatioh 8= wgr was 10817) factor, and the experimental double ratio for the 852-123 keV, 0
mrad. The other experimental values in Table Il were used as- 2] — 0] cascade.

e
=)
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TABLE II. The values of the double ratiB(#,B) obtained from the coincidence data for several cascades
of 164Yb (see text

CascaddkeV) Spin sequence Angleeg Rexpt(6,B) Read 8,B)?
852-123 0-2*-0* 145 1.50%60)
740-123 2-2*-0* 145 1.10030) 1.08410)°
262-123 4-2+-0t 145 0.97730) 1.0244)
852-123 0-2*-0* 180 1.03464) 1.000
740-123 2-2*-0* 180 1.03143 1.000
262-123 4-2*-0* 180 0.99831) 1.000

*The values oR,c and its error bars, where given, were obtained using the \Gle 0.325) (see text
®The double ratio was calculated assuming plgecharacter for the first transition of this' 22" — 0*
cascade.

model (hydrodynamical in order to discuss the various
' trends in Fig. 6. For Ba, Gd, W, and Os, the IBA-2 model

describes the data quite well, especially the parabolical de-
whereN_, N, are the number of proton, neutron bosons, and’@hdence around the midshell poht 104. For Dy and Er,
the parameterg,. andg, were taken as 1 and 0, respectively the Weaken\l dependence is better'descrlbed by the'hydro—
[3]. The result of the present experimentNat 94, extends = dynamical model. The “flat” behavior of Yb and Pt is not
the systematics to the lowét values, and enables, despite consistent with e|ther_ model. As mentioned already thg se-
its relatively large error bar, a test of the two models.niority model[1] predicts constang factors; however, this
Although our result has a larger error bar than the data fofodel is not expected to apply in this region. The pecuiar
N=100-106, it isclear from Fig. 5 that the stronly de-

+\ g’ITN7T+ gVNV
g(2) = N, +N,

pendence predicted by the IBA-2 is not found in the data. 0af i; T T Ba ]
In fact, the data seem to exhibit an even weaker depen- o2f | [2 T
dence than predicted by the hydrodynamical model. oab I - _Ce ]
We now compare the systematics of the Yb isotopes with 02l 3 ]
those of all the isotopic chains from Ba to Pt. In Fig. 6 we : e T
present all the knowfil0, 11 experimentaby(2;) values for 04r =% o
these isotopes. Several interesting trends are clearly ob- 02 . T T T T ST SR SO S
served. In transitional regions, i.e., for Ba, Ce, Nd, Sm, Gd, 04t == x oM 1
W, and Os, they factors vary quite strongly witiN. As the o2f %]
structure becomes more stable, thelependence is weaker, 04l L - 6Gd ]
as seen for Dy and Er. Finally, for Yb, Hf, and Pt thge o2l ]
factors are almost constant. 0l — z T T T T T T T T oy
The theoretical predictions of Fig. 5 can be used as ge- 0'2-_ ** 1
neric predictions of a valence mod#éBA-2) and a collective P S e
N M ot ... =
. . . : . S 02
0.60 | E 04l s an 1
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FIG. 5. Systematics o§(2;) data for the Yb isotopes. The re-
sults for N=100-106 are from the tables of RaghaJdf] and

N

Stone[11]. The value alN=94 is from this work. The predictions of
the IBA-2 [3] and of the hydrodynamical modg2] for vibrational
and rotational nuclei are also presented.

FIG. 6. Systematics of(2]) data for the region Ba-Pt. Data
from the tables of Raghavda0] and Stong11], and the new result
presented in this work.

034320-4



g FACTOR OF THE 2 STATE OF 6%4yp PHYSICAL REVIEW C 69, 034320(2004)

dependence for the Ce, Nd, and Sm isotopes was explainadhich extends the systematics gffactors of the Yb iso-

in Ref. [4] as being related to an increase in the effectivetopes. When these systematics are analyzed in the context of

number of valence protons due to the dissipation of Zhe all the known data for the Ba-Pt isotopic chains, various and

=64 subshell whem increases from 84 to 90. Finally, it is quite different trends are observed. While the different

important to mer_1tion that single particle eff_ects may alsoclasses of behavigupsloping, downsloping, or constaaip-

affect the behavior predicted by the collective or valencepear as characteristic features of various valence or collective

models. For example, the downslopinggi2,) for the Nd  models, a unified interpretation of these systematic trends

isotopes adl approachesl=82 may be due to the increasing remains a challenge to microscopic theories.

influence of f;;, neutrons which have negativg factors.

Other single particle effects may also be present, which can,

in principle at least, modify the expected trends that we men- ACKNOWLEDGMENTS
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