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ABSTRACT^ 

196 The description of Pt with the Interacting boson aodel 
is re-examined. It is found that the U(5) liait gives as good a 
description as the currently favoured 0(6) limit. Mixing all 
three limits of the model gives little improvement. The U(5) 
limit has the advantage of accounting for the quadrupole moment 
of the first excited state. 
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It Is widely held that Pt Is an excellent example CI,23 
of the 0(6) Halt of the first version of the interacting boson 
model C33 (IBM-1), which treats proton bosons and neutron bosons 
on an equal footing. However, the recent confirmation C43 that 
the first excited state of Pt has a static quadrupole moment, 
Q(2^) of about 0.5CB(E2;o£+2j)31/2 presents a difficulty, since 
the strict 0(6) limit of the IBM-1, that is, the regimen C53 
which requires that the quadrupole operator as well as the 
hamiltonian have the 0(6) symmetry, predicts that all quadrupole 
aoments are zero. While seeking ways around this difficulty, it 
was discovered that, surprisingly, the U(5) Halt gives just as 

196 good a description of Pt as does the 0(6) limit. Mixing the 
two, as suggested by Chiang et al. C63, does not improve things, 
nor does an admixture of the SU(3) limit. Thus the available 
experimental data seem not to discriminate between these 

196 paraaeterizations and do not compel belief that Pt is an 0(6) 
nucleus. The justification of these remarks forms the burden of 
this letter. 

The standard IBM-1 hamiltonian can be written C33 

H ' e" n d M f l P +.P + a x L.L + a 2 Q.Q + a 3 T 3-T 3 + a 4 T^.T 4 

where n d Is the d-boson number operator and P,L,Q,T3 and T* are 
tensor operators of ranks zero to four constructed from the 
creation and annihilation operators of the s and d bosons. The 
three limits of the IBM-1 are obtained when various of the terms 
of H are zero. They are: U(5), for which a and a~ a r e z e r o ? 
0(6), which has e", a 2 and a 4 zero; and 3U(3) in which all of 



e", a Q, a 3, and a 4 are zero C33. The aodel has one additional 
paraaeter, the total nuaber of bosons, which equals six for 
1 9 6 p t . 

Four sets of parameters, shown in table 1, are coapared in 
this letter. Two eabody the U(5) and 0(6) Halts; a third was 
obtained by adding, via the parameter a-, enough of the SU(3) 
Halt to the 0(6) Halt to reproduce the experiaental value C43 
of Q(2^), and the fourth was taken froa ref.C63*. The first 
three sets of paraaeters were generated by fitting, using the 
coaputer prograa PHINT C83, the positive-parity energy levels 
£13 of Pt with excitation energy of less than 1.5 MeV. The 
paraaeters of ref.C63 were obtained by fitting various states in 
a series of even-aass platinua isotopes, and, as the values of 
e" and a are both large, they would seea to represent a 
thorough ailing of the 0(6) and U(5) Halts with little of the 
SU(3) Halt (a 2 Is small). 

The results of the fits, shown in fig. 1, provide few 
grounds for favouring one set of paraaeters over the others. 
On the other hand, fig. 2 shows the predictions of these sets 
for the known C9,10D + + high-spin states of 1 9 6 ? t . It is clear 
that both the U(5) Halt and the paraaeters of rsf • C63 do 
better than those founded on the 0(6) Halt. (The states 6,, 6-
and 8j were included In the fitting procedure of ref. C63.) 
course, the aaxiaua angular aoaentua which can be obtained 

r\* 

t These authors use an alternative, but equivalent, 
paraaeterlzatlon of the haalltonian. The nuabers shown in 
table 1 were obtained by inverting the equations in table I 
of ref. C73. 

ft Attempts to reproduce the calculations of ref.C103 using 
PHINT and the paraaeters "BF6" have not been successful. 
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with aix bosons is 1*12, and this might result in less reliable 
predictions of the higher-spin states. This effect has been 
looked for, with equivocal results. For example,the higher-spin 
states of 2 3 2 T h and 2 3 4 ' 2 3 6 u seem not to show the effect of a 

78 79 finite boson number CUD, whereas those of ' Rb appare. \y do 
C12D, although the latter results are controversial C13D. In 
view of this uncertainty, it seems unreasonable to dismiss the 
relative success of the U(5) limit and ref. C6D in predicting 

196 tne energies of the high-spin states of Pt solely on the 
ground that the IBM-1 might not apply to these states. 

The electric quadrupole operator of IBM-1 is C33 

T ( 2 > > a2Cd+x2f • s+xat3 ( 2 ) + 3 2 Cd+xat3 ( 2 ) , 

where d*,d,s ,s are the creation and annihilation operators for 
d and s bosons and ou*P^ a r e t w o parameters. If one is using an (2) 0(6) hamiltonian and wishes T also to have the 0(6) symmetry, 
then 0 2 * u 8 t equal zero and all quadrupole moments are zero. 

196 This contradicts the experimental result C43 for Pt. There 
are two ways around this proble*. One can allow 0 2

 t o D 6 

nonzero, which does not in any way break the 0(6) symmetry of 
the wave functions or affect the goodness of the 0(6) quantum 
numbers, or one can add some of the SU(3) limit to the 
haalltonian. A combination of the two approaches will also 
work, but, for the purposes of comparison, the two extremes are 
shown here. 

Table 2 lists, for each of the parameterlzatlons, values 
of aj *"* f*2 w n l c h reproduce the experimental values C43 



B(E2;0^-*2j)»l.382+0.006 e 2b 2 and Q(2^)>0.6310.12 eb. + Agreement 
with the experimental value of Q(2^) was obtained, for the cases 
of U(5), 0(6) and ref.C6D, by varying 3 2 and. In the 0(6)+SU(3) 
case, by fixing 3 2 at zero and adjusting a 2 (table 1). Ref.C63 
suggests <&2*0.164 and B2*0.066, but these give Q(2,)=-0.197 eb; 
as neither sign nor magnitude Is correct, the values given In 
Table 2 are used Instead. In all cases, * 2 was varied to fit 
the B(E2;0^-»2^). Since this Is the square of a matrix element, 
two solutions are possible. In the U(5) and 0(6) cases, these 
two solutions differ only in the sign of a~> As there is no 
other experimentally known property of Pt whose predicted 
value depends on this sign, it cannot be determined. For the 
case of ref.C6D, however, the two solutions Involve different 
magnitudes of « 2 and 3 2 as well as opposite signs of o^. This 
leads to different predictions for other B(E2) values and the 
solution with negative * 2 gives significantly better predictions 
of those other B(E2) values for which there are experimental 
data. In the 0(6)+SU(3) case, there is another solution with 
both « 2 and a, positive. This gives marginally poorer 
predictions of the energy levels and other B(E2) values. 

These other B(E2) values are shown in table 3, together 
with the various predictions using the parameters of tables 1 
and 2. It is Interesting that only the U(5) limit correctly 
predicts the small value of B(E2;22-»0i), the nonzero value 

* The value of 0(2*) corresponding to the negative sign C14D of 
<0*||M(E4)||4*> has been chosen 
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ln the case of the 0(6) Halt being due to the nonzero value of 
3 2- The nonzero value of P 2 is also the cause of the 0(6) Unit 
overpredicting the other saall transition probabilities, 
B(E2;02"»2^) and B(E2;42-»2^). If 3 2 were set to zero, then the 
starred values in table 3 would becoae zero with no change to 
the other 0(6) values. The resulting predictions would be quite 
good, except for that of Q(2,). It is clear that the 
experlnental values of Q(2^) and B(E2;22-*01) cannot be 
slnultaneously reproduced with 0(6) wave functions. The sane 
conclusion applies to the 0(6)+SU(3) paraneters. That is, the 
adaixture of SU(3) required to fit Q(2^) causes B(E2;22-»0^) to 
aove away froa zero. The paraneters of ref.C63 also suffer from 
the sane problem, although less severely. The values of <x2 and 
3 2 recoaaended in ref.£61 are worse than those given in table 2, 

+ + 2 2 as they give B(E2;22-K), )*0.015 e b as well as an incorrect 
+ 196 

0(2^. The best fits to the known E2 matrix elements of Ft 
are thus provided by the U(5) Halt and the 0(6) limit with 
3 2*0, the failure of the latter case to fit Q(2t) being 
coapensated for by the good fits to the B(E2) values. 

Finally, there exist relative B(E2) values, particularly 
of excited 2* and 0* states, which have been such railed upon as 
evidence of an 0(6) structure Cl-33. The values for the 2%, ot 

and 4 2 states can be obtained froa table 3. Figure 3 show3 the 
experlnental values C13 and the prediction*, using the 
paraaeters of tables 1 and 2, for soae of the other states. 
The four transitions grouped near top and centre of fig. 3 were 
not seen experlaentally, although they alght be expected to have 
been visible if the theoretical predictions are accurate. Also 
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shown are the U(5) and 0(6) quantua numbers C33, (n.,v,n ) and 
(a,x,v.) respectively, assigned to the states. It is 
Interesting that the U(5) predictions have many similarities to 
those of 0(6) with 02*O, which correspond to the starred value? 
in fig. 3 being zero. Indeed, so similar are they that it may 

196 be doubted whether these data ever did prove that Pt has the 
0(6) symmetry. The main difference lies in the predictions for 
the 2 + state at 1604.5 JceV. The 17(5) limit does not do very 
well here, but then neither does 0(6) when 0 2

 i s adjusted to fib 
Q(2^). The only other differences are for the 1402.7 keV and 
1847.3 keV states. For the latter, the 0(6) limit with B 2 * 0 
does better; for the former, the U(5) prediction, although not 
very good, is better than that of the 0(6) limit for any value 
of 0 2* Neither of the other parameter sets perform better than 
the U(5) or 0(6) limits on this test. 

Thus mixing some SU(3) with 0(6), or allowing all 
parameters to vary C63, does not give a singifleant improvement 
over the two limits, U(5) or 0(6) with 9 2»0. In particular, 
these two give the most natural explanation of the very small 
value of B(E2;Z2+0^). Which of the limits is to be preferred is 
a difficult question because of the similarity of their 
predictions and because the two main differences lead to 
contradictory conclusions: che branching ratios for the decay 
of the 1604.5 keV and 1847.3 keV states argue for the 0(6) limit 
whereas the values of Q(2^) and B(E2;2j-H)^), taken together, 
favour the U(5) limit. Support, qualified as noted above, for 
the U(5) limit is also provided by the energies of 
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the high-spin states. In assessing the merits of these two 
arguments it is helpful to recall that B(E2> values involve the 
wave functions of two states, and branching ratios three, but 
quadrupole moments involve one state only. Thus quadrupole 
moments are less ambiguous tests of a model. It may be fairly 
said that a model which fails to predict Q(2 1) has got the wave 
function of the first excited state wrong. But surely a 
necessary attribute of a collective model of even-even nuclei 
should be an ability to make reasonably accurate predictions of 
the first excited state. The 0(6) limit with 3 2 = 0 does not 
have this attribute, and, as shown above, attempts to remedy 
this either by allowing a nonzero 0 2 or by admixing some of the 
SU(3) limit have unacceptable consequences. 

It is remarkable that, in a nucleus as well studied as 
196 

Pt, the choice between U(5) and 0(6) should rest on so few 
oieces of data. Clearly further experimental results are 
required, but they must be of a sort that will discriminate 
between the two limits. Other quadrupole moments might be 
useful in this respect. For example, the U(5) limit with the 
parameters of table 2 predicts Q(22)*-0.34 eb and Q(it)=1.58 eb 
whereas the 0(6: limit with 02»O h a 9 a 1 1 quadrupole moments 
zero. A finding that Q(2 2) and Q(4*) are both small might be 
Interpreted as evidence that 0 2 is Indeed small, and that the 
value of Q(21) is, for some unknown reason, anomalous. On the 
other hand, a large positive value for Q(4|) would tend to 
confirm the nonzero value of 0 2

 a n d 9 i v e support to the U(5) 
description. 
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An eventual finding in favour of U(5) need not be regarded 
as entirely unfortunate. Firstly, other nuclei showing 0(6) 
behaviour are known C163. Secondly, the U(5) parameters 
proposed do not represent just another vibrator. Tbe spectrum 
is highly anharmonlc; for example, the "three phonon" 0 state 
the (331) state, lies below the "two phonon" (200) 0 + state. 
Also, although the potential energy surface corresponding to the 
U(5) limit C3,17D has its minimum at zero deformation and is 
symmetric with respect to prolate and oblate deformations, the 
predicted values of Q<2^) and Q(4^) are large. This disjunction 
of the potential energy surface, which is determined by the 
parameters of the hamiltonian, from the quadrupole moments, 
which are determined by B-, is a curious and nonclassical 
feature of the interacting boson model. 

I wish to thank Ors. F.C. Barker and R.H. Spear for their 
many helpful comments. 
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T/^LE 1. Four sets of parameters of the IBM-1 Haniltonian for 
i 9 6Pt The units are MeV. 

c" ao al a2 a3 a4 

0(5) -0.066 0 0.022 0 -0.072 C.213 
0(6) 0 0.200 0.028 0 0.101 0 
0(6)+SU(3) 0 0.169 0.027 -0 .007 0.083 0 
Ref.C6D 1.378 0.201 -0.006 -0 .004 -0.014 -0.235 
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TABLE II. Parameters of the E2 operator of the IBM-1 which 
reproduce the ezperlnental values of B(E2;0,-»2,) and Q 2+ 

196 of Pt. The units are e b. 

*2 *2 

U(5) ±0.215 0.372 
0(6) ±0.152 0.264 
0(6)+SU(3) -0.157 0 
Ref. 6 + -0.149 0.139 

* «c .ifled as described In the text 
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TABLE III. A comparison between experimental and theoretical E2 
196 transition probabilities of Pt. All values are in 

•V. 

Quantity Experiment 
(Refs.C10,15D 

U(5) 0(6) 0(6) + 
SU(3) 

Ref.C6D 

B(E2?22"»0i> <3xl0"6 0 0.067* 0.015 0.003 
B(E2;22">2*) 0.345+0.022 0.461 0.362 0.246 0.270 
B(E2;4*-»2*) 0.40 ±0.03 0.461 0.362 0.370 0.385 
B(E2;o£-*2^) 0.022+0.010 0 0.090* 0.003 0.079 
BCK^J-^J) 0.14 ±0.08 0.553 0.369 0.381 0.379 
B(E2;42"»2^) 0.00310.001 0 0.047* 0.001 0.004 
B(E2;42->22> 0.18 ±0.04 0.290 0.193 0.210 0.170 
B(E2?42"»4j) 0.19 ±0.10 0.263 0.176 0.140 0.120 
B(E2;6^-»4*) 0.42 ±0.12 0.553 0.369 0.377 0.399 

These values become zero if 3 2* C' 
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Figure Captions 

196 Fig. 1 Some experimental and fitted energy levels of Pt. 

196 Fig. 2 Experimental and predicted high-spin states of Pt. 

Fig. 3 Experimental and calculated relative B(E2) values for 
196 v 

some states of Pt. The states are labelled by J 
and excitation energy. For each transition, the 
numbers are, from the top: experiment, U(5), 0(6) with 
0 2 adjusted to fit Q(2^), 0(6)+SU(3), ref. 6 with <*2, 
0 2 of table 2. The results for 0(6) with 02=O a r e 

obtained by reading the starred values as zero. The 
numbers in brackets give the U(5) and 0(6) quantum 
numbers assigned to the upper state. 
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