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OBSERVATION OF CENTRIFUGAL STRETCHING IN Sm152 
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An isomer shift has been observed in the Mossbauer study of the 1210 8-keV (2+- 0+) 
transition in Sm152• A value of (A (R2) / (R 2»)2_0 = (10 ± 3) x 10-4 is deduced, based on iso
tope shift data for Sm152 and Sm154 This value disagrees with present theoretical pre0 

diction. In particular, the influence of the (3 band in Sm152 can only account for about 
20% of the observed stretchingo 

In a previous Letter l we reported the obser nuclear models was further complicated by 
vation that in the deformed nucleus W182 

, the the sparsity of relevant nuclear information 
mean square radius of the first 2+ state was for W182 

• 

greater than that of the 0+ ground state. The We report here the observation of the LS. 
observation was based on an unambiguous mea for the 2+ - 0+ transition in 8m152. In this case, 
surement of the isomer shift (I.S.) in the Moss !::J.(R 2

) I(R 2
) can be reliably estimated from ex

bauer spectrum between two valence states perimental data. Moreover, the rotational and 
of W. A meaningful estimate of !::J.(R 2) I(R 2

) for vibrational bands of this pivotal nucleus have 
W182 was, however, impossible due to the large been studied in sufficient detail so that a val
uncertainties in estimating the electronic con ue of !::J.(R2

) I(R2
) provides a meaningful test of 

tribution !::J.1'lF(0) 1 
2 to the I.S. Comparison with nuclear models. We find that the value of !::J.(R 2 

) I 
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(R 2
) supports the conclusion that centrifugal 

stretching is smaller than expected on the ba
sis of the deviations of the energy levels from 
that of a pure rotor. Only about 20 %of the 
radial change in Sm152 is accounted for by (3~ 

band mixing. 
The experiments were carried out at liquid

helium temperatures with a standard electro
mechanical Mossbauer drive system, using 
a time-mode drive for the multichannel ana
lyzer. Special care was taken to build a high
ly stable system in which the velocity calibra
tion did not vary for weeks at a time. Most 
of the various source and absorber matrices 
that were investigated yielded an impractical
ly small effect. A 2+ valence source of Eu152 

in CaF2 and a 3+ valence absorber I52Sm203 
gave a single line and a relatively large effect. 
The 5-mC source was prepared by neutron ir
radiation, in the MIT reactor, of 0.1 mole% 
EUI51 in the 2+ valence state in CaF2 (as deter
mined by spectroscopic analysis).2 The Moss
bauer spectra obtained with this source and 
a l52Sm20S absorber are shown for two veloc
ity ranges in Figs. 1(a) and 1(b). The line
width is approximately four times broader than 

The radial change deduced from the isotope 
shift5 is 

[(R 
2
)154-(R

2
)152] =1 2(~ ~1) =1 05 X 10-2 

(R2
)152 • 3 A· • 

Shielding effects are not very different for sim
ilar configurations,6 so that 

L (4/5 6d6s2
)-L (4[66s2 

) 

~ L{4/56d)-L{4f6) ~ L{4f5)-L(4f6). 

Thus, 

The uncertainty arises mainly from the assump
tion about equivalent configurations. 

(2) Brix et aL 6 evaluated L{4f6)-L{4f7) for 
Eu by noting that if one combines isotope shift 
data in Sm together with hyperfine data on Eu 
and the assumptions about equivalent orbitals 
indicated above, then 

L{4f6)-L{4j"7) = (1.9 ± 0.4)X 1026 cm2. 

natural. The isomer shift is 1.65±0.15 mm/sec 
and is so large as to be unambiguous. The re
sults for other source and absorber matrices, 
as well as for Gd154 and Gd156 , will be present
ed in a more comprehensive paper. 3 

The I.S. is related to the change in mean square 
charge radii by 

(I) 

where we have used the symbol L ==.0 Iw(O) 12, 
and S and A stand for source and absorber, 
respectively. 

One can estimate LA-LS within an uncertain
ty of about 30 %. The following two approach
es have been used: 

(1) The 1.S. between the 0+ and 2+ states of 
SmI52 can be compared with the isotope shift 
between the 0+ ground states of SmI52 and Sm154. 
Striganov, Katulin, and Eliseev4 have measured 
the latter shift for a number of atomic transi
tions. The average of the six largest energy 
shifts between the 4/65d6s2 and 4j66s2 config
urations was found to be 41.5x 10-3 cm-l. The 
ratio of the I.S. to the isotope shift is, there
fore, 

(2) 

This relation should represent,6 to first approx
imation, the difference t:,.L(4f5_4f6) for the 
neighboring Sm. Using this value, we obtain 

The error is taken from Brix et al. as 30 %. 
The two determinations agree reasonably well 
and are sufficiently independent to warrant 
combining them. Therefore, we take as the 
most reliable estimate for Sm152 

(t:,.(R2)/(R2»)2+_ 0+ = (+10± 3)X 10-4
• 

The stretching may also be deduced from 
muonic-isomer-shift data7 in which the ener
gy of the 2+ - 0+ state, excited by the muon, 
is compared with the transition energy using 
a radioactive source. If the observed muonic 
energy shift is ascribed solely to centrifugal 
stretching, then t:,.(R2>/(R2

) = {5.8 ± O. 7)X 10-4
, 

in good agreement with the present result. 
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FIG. 1. (a) Mossbauer absorption resonance in the 122 keY, 2+ -0+ transition in Sm152 , for a 152Eu2+ source in 
CaF2 and a 152Sm203 absorber. (b) Same as (a), except covering a wider velocity range. 

The radius change can be related to the change (1) Udagawa and Sheline9 have calculated 6.{32-0 
in deformation by assuming that the nucleus for Sm152 on the basis of a microscopic mod
is axially symmetric and incompressible. In el involving Coriolis antipairing forces. They 
that case, 6.(R2)/(R2

) =5/(2rr)/36./3. For Sm152 , predict 6.132 _ 0 =1.3 X10-2
, approximately three 

/3 = 0.304,8 so that 6./32_0 = 4.2xIO-3 and (6./3//3)2-0 times the observed value. 
=1.4x 10-2 

• (2) One can estimate 6./3//3 from the deviations 
The measured value is not in accord with of the ground-state rotational band from that 

theoretical predictions. Thus we have the fol of a pure rotor. The derivation of the relation
lowing: ship between E and ~/3/(3 assumes that the mo
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ment of inertia ff is proportional to [32. From 
Ref. 1, 

E =fi2 1(1 + 1) r1- ~ [3J (3)1 2 ff L {3. 

Using the accurately measured values10 of the 
2+ and 4+ excited states of Sm152, 121. 78 and 
366.44 keV, respectively, (~{3/{3)2-0 z 4.2 X 10-2, 

again considerably larger than the observed 
value. 

(3) The rotational-vibrational interaction will 
cause centrifugal stretching. The largest con
tribution might be expected to come from the 
f3-band (K = 0) mixing, which has been well stud
ied in Sm152. One can estimate the contribution 
of the {3-band mixing to the change in mean ra
dius in a model-independent way in terms of 
the mixing parameter l1 E, obtaining 

(4) 

where p == (lgr I(2]p) (rp2/R2) 11,8)' defined by Church 
and Weneser. 12 From the measurements of 
the (0{3+ - Ogr+) transition13 and the B(E2) val
ues/1914 one obtains p ~ 0.16 and E == (6 ± l)X 10-3

• 

Thus, ~(R2)/<R2) ~ 2X 10-4 , only one fifth of 
the measured value. I5 

We conclude that present theoretical predic
tions do not explain the observed change in 
nuclear radius. 
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ous discussions and C. S. Wu for communicat
ing her results to us prior to publication. 
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