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Recent accurate measurements of g-factors of the first excited 2 + states in collective even even nuclei show substantial 
deviations from the value Z/A, We investigate the implications that these deviations have for our understanding of collective 
states in nuclei. 

In the conventional collective model, the g-factors 
of  all states are expected to be equal to g R  = Z/A, cor- 
responding to the fact that in this model all protons 
and neutrons in a nucleus are assumed to take part 
equally in the collective motion [1 ]. Until recently, 
the accuracy of  the measurements was not good enough 
to test unambiguously this property. However, in the 
last few years, accurate measurements of  g-factors of  
the first excited 2 + states in several medium-mass even 
-even  nuclei have become available [ 2 - 4 ] .  The exper- 
iments show substantial and systematic deviations from 
the value Z/A, and in this letter we want to investigate 
the implications of  these deviations for an understand- 
ing of  collective states in nuclei. 

We begin by noting that, since magnetic properties 
of  protons and neutrons are very different from each 
other, an accurate determination of  g-factors for a series 
of  isotopes (or isotones) offers a unique possibility for 
studying pro ton-neu t ron  degrees of  freedom in collec- 
tive states of  nuclei. This was noted several years ago 
by Greiner [5], who suggested that differences in pro- 
ton and neutron quadrupole deformations are respon- 
sible for most magnetic properties of  collective states. 
A natural framework for studying pro ton-neu t ron  
degrees of  freedom in collective states of  nuclei is pro- 
vided by the p ro ton-neu t ron  interacting boson model 
( IBA-2)  [6] and in this letter we wish to present an 
analysis of  the recently obtained data in medium-mass 
nuclei in terms of  this model. Here the collective mag- 
netic (M1) operator can be written as [7]: 

II=g~rJ~ + gvJ v (1) 

where g,~ (g~) is the g-factor of  the correlated proton 
(neutron) pairs and Jr (Jr) is the corresponding angular 
momentum operator. According to the microscopic 
foundation of  the model [6], g~ (gv) is expected to 
depend, in first approximation, on proton (neutron) 
boson number N~ (Nv) only, i.e., g~ = g~(N~) and gv 
= gv(Nv). 

It is then clear that two effects contribute to the 
dependence of  the magnetic moments on proton and 
neutron number: the dependence Of&r and gv on pro- 
ton and neutron number and the variation of  the matrix 
elements of  the operators J~ (J~) with N~r and N v. As 
will be better shown below, the former effect is related to 
the shell structure of  the orbits, wide  tire latter is related 
to the average number of  proton and neutron pairs taking 
part in the collective motion. The calculation of the 
magnetic moments for a series of  isotopes, then, requires 
the determination of  the functions g,r and gv in combi- 
nation with the wavefunctions of  the nuclei in the frame- 
work of  IBA-2 .  Although all the results discussed be- 
low have been obtained by evaluating the matrix ele- 
ments of  J,~ and Jv numerically, it is interesting to 
note that, for the first excited 2 + state, these matrix 
elements are approximately proportional to N~/(N~ 
+ Nv) and Nv/(N ~ + Nv) , respectively, and thus directly 
related to the number of  active proton (N~) and neu- 
tron (Nv) pairs. This leads to the approximate expres- 
sion 
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g2~(Nrr,Nv) (2) 

g~r(Nrr) NJ(N~r + Nv) + gu(Nv) Nv/(N. + Nv) . 

We note that the qualitative behaviour ofg2~ as pre- 
dicted by eq. (2) will, in general, be considerably dif- 
ferent from that of Z/A which shows a monotonic de- 
crease throughout. 

In order to make this statement more quantitative, 
we have analyzed the available data in the region around 
proton number 50. We have taken the wave functions 
of the 2~ states in the 54Xe, 56 Ba, 46Pd and 44Ru iso- 
topes from previous calculations [8,9]. One of us (M.S.) 
has completed the study of this region by extending 
the calculations to the 48Cd and 52Te isotopes. The 
functions gv and g~ have been determined in the follow- 

+ 
ing way. It is tempting to assume that the 21 states in 
the Sn isotopes (although the IBA model is not expected 
to describe, in general, properties of semi-magic nuclei) 
can be characterized by neutron d-boson number ndu 
= 1, in which case gv(N~) could be obtained directly 
from the experimental g-factors of the 2~ states in these 
isotopes. Since the experimental g-factors have large 
uncertainties [10] no attempt has been made to fit them 
in detail. Instead a smooth behaviour ofgv(N~) between 
negative values for N ~ 74 and positive values for the 
lighter isotopes has been assumed. Values ofgu(Nv) for 
other values o fN  v and the function g,(N~)have been 
obtained by requiring an overall fit to the experimental 
g2i ~ factors in the neighbouring isotopes with 44 ~< Z 
~< 5 6, assuming a smooth variation with N v and N~. 
The resulting functions gv and g,T are shown in fig. 1 
and the results for the calculated values ofg2~ are given 
in fig. 2. 

The qualitative features of these results can be under- 
stood on the basis of eq. (2). The systematically low 
values of the g-factors in the middle of the neutron 
shell for fixed proton numbers are related to the fact 
that here the number of active neutrons is maximal 
[and thus N,/(Nn + N~,) is minimal], and that the ef- 
fective g-factor of the neutron pairs gv is small. Super- 
imposed on the smooth behaviour of the terms Nn/ 
(N~r +Nv) andN~/(N~r +N~), there appear in the data 
also fluctuations presumably due to shell effects. These 
fluctuations are quite visible in 52Te and to some extent 
in 46Pd, where, as will be discussed also below, the de- 
crease of the g2i ~ at neutron number 56 is probably 
related to the increasing influence of the d5/2 orbit. 
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Fig. 1. Dependence of the functions gn and gu on the proton 
and neutron number, respectively. The points indicate the ex- 
perimental g2~ values of the Sn isotopes [10]. 

An analogous decrease is also predicted in ll2Cd and 
114Cd" 

With respect to the behaviour of the functions g,r 
and gv we remark that one of us (M.S.) has made an 
attempt to derive them from a shell model picture [12] 
The preliminary results appear to be consistent with 
the phenomenological values ofg~(N~) and &,(Nv). 
In particular for the lighter Sn isotopes (N ~ 52, 54), 
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Fig. 2. The g-factors of  the 2~ states (in #N) as a function of  
neutron number for various isotopes around Z = 50. The solid 
line represents the results o f  the present paper. The dashed 
line indicates the values Z/A. The experimental points are 
taken from refs. [4,11]. 
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negative g-factors for the 2~ states are predicted due 
to the dominance of  the Vds/2 orbital (for a pure v 2 ds/2 
L = 2, configurationg = -0 .76/aN) .  In the region 
aroand N = 60 an increase ofgv(Nv) towards positive 
values is found mainly because of  the contribution of  
the g7/2 orbital (for a vg2/2 L = 2, configuration g 
= +0.42/~N)- In the heavier isotopes, instead, the in- 
fluence of  mostly the Vhll/2 orbital (for a uh21/2 
L = 2 configurationg = 0.35 PN) again reduces 
gv(Nv) towards negative values. Mso in the case of  the 
large positive value ofg,r for the Cd isotopes (Z = 48) 
can qualitatively be ascribed to the contribution of  
the 7rg9/2 orbital. 

As it emerges from the above discussion, accurate 
measurements of  g-factors open the way to a detailed 
study of  magnetic properties of  collective states in nu- 
clei giving rise to a wealth of  predictions. Here we men- 
tion only two examples. First, the determination of  
the values ofg~r and gv allows one to estimate the size 
of  the M1 matrix elements leading from the ground 
state to the predicted 1 + states which are an antisym- 
metric combination of  the collective proton and neu- 
tron degrees of  freedom [13]. For instance using the 
values given in fig. 1 one obtainsB(M1; 0~ ~ 1~) 

134~ The existence of  such a mag- = 1.67 ~ N )  2 in 56ha. 
netic state which carries orbital M1 strength has also 
been proposed in a different context for deformed 
nuclei by Lo Iudice and Palumbo [14]. We note that 
this strength could possibly be detected in an inelastic 
magnetic electron scattering experiment. 

Secondly, the determination ofg~(N~) and gv(Nv) 
makes it also possible to estimate the contribution of  
the p ro ton-neu t ron  effect to the M1 transitions be- 
tween low-lying states. These transitions vanish in the 
IBA-1 model, in which no distinction is made between 
neutron and proton degrees of  freedom, if the lowest 
order operator is used (it has been shown [15] that in 
that case M1 transitions can be described if higher- 
order terms are added to the operator). In IBA-2, in- 
stead, these transitions are non-zero because of  the 
contributions to the matrix elements of  the M 1 opera- 
tor [eq. (1)] of  components in the wave functions 
which are not symmetric in the p ro ton-neu t ron  de- 
grees of  freedom. Limiting ourselves to the 2 + (i = 1, 
2, 3) states, we find that the off-diagonal M1 matrix 
elements are rather sensitive to possible admixtures 
of  an antisymmetric state of  the type 

~a ~ (d~sTr t Nv Nn d~s~)ls~ s~ >. 

In the IBA-2 approach the unperturbed energy of  this 
state is controlled by the strength, ~2, of  the so-called 
Majorana force [8]. Defining 

A i = <2]-II E2[I2T>/<2~IIM1 l[21> 

we find that for small Values of~ 2 (~0.10 MeV) (as 
used in refs. [8,9]) there are appreciably antisymmet- 
ric components present in the 25 states, resulting in 
rather large M1 matrix elements and consequently 
small values of  A 2. For larger values of  ~ 2 the anti- 
symmetric 2 + state is pushed to higher energies thus 
reducing its components in the 2~ states, resulting in 
larger values of  A 2 (and smaller values of  A3). The 
available experimental data on 2x i in the Z = 50 region 
[16] show that in general 12x31 ~ IA21. This informa- 
tion can conveniently be used to fix the value of  ~2 

which cannot accurately be determined in other ways. 
For example, recent accurate measurements of  A i in 
the 106,108Ru isotopes [17] can be reproduced rather 
well with the choice ~2 = 0.18 (MeV): the calculated 
values in 106Ru and l°SRu are A 2 = 9.7, 12.9 and 
A 3 = 0.43, 0.66 (in eb/PN), respectively, compared 

+ 4 8  + 2 2  to the experimental ones, A 2 = 17.9 212,11.1 116 
and A 3 = 0.28 -+ 0.15, 1 ()q+ 0.66 (in eb/PN). This 

. . . .  - 0 . 4 6  
value of  ~ 2 is larger than the value adopted in refs. 

[8,9], however, we have checked that this hardly af- 
fects the energies of  low-lying states. 

In conclusion, the new, accurate, measurements 
+ 

of  g-factors of  21 states in even-even nuclei appear 
to provide a unique tool for studying magnetic prop- 
erties of  collective states in nuclei. The present exper- 
imental information in medium-mass nuclei appears 
to be consistent with the analysis in terms of  the pro- 
ton neutron interacting boson model and corrobo- 
rates the importance of  the p ro ton-neu t ron  degrees 
of  freedom, as suggested by Greiner. From this point 
of  view, the large deviations from the value Z/A are 
not surprising, since the latter is obtained within the 
framework of  a model in which the pro ton-neut ron  
degrees o f  freedom are not included. 
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