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nal momentum distribution of nucleons and light
clusters.

Whether either of these distributions is rele-
vant to our fragment-momentum distributions
remains to be established. It is possible that the
apparent regularities in Figs. 1 and 2 are acci-
dental. Measurements of individual nuclides over
a wider range of masses and momenta and for
additional reactions wouM enable us to evaluate
the significance of the apparent universal distri-
bution.

We have had useful conversations with R. Blank-
enbecler, G. E. Brown, G. F. Chew, S. Frankel,
A. S. Goldhaber, and A. M. Poskanzer.
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The isotope shifts of ' Hg, ' Hg, and ' Hg in the 2537-A line have been measured by
use of a tunable dye laser at the on-line mass separator ISOLDE at CERN. The results
are 6p(88Hg- Hg) =35.8(2) GHz. 6p(8 Hg- Hg) =39.4(2) 6Hz. and 6v(8 Hg- 0 Hg)
= 43.1(2) GHz. These data combined with those obtained by P-radiation-detected optical
pumping (8-RADOP) on the odd Hg isotopes yield a huge odd-even staggering for 's'Hg of
y=(2gp 5 )/gp ~ =13(1) which has to be interpreted as nuclear shape staggering.

A sharp onset of nuclear deformation of
6(p') '" '"= 0.054(5) has been discovered between
'"Hg and '"Hg by measurements of the isotope
shift (IS) 6v with the P-RADOP (P-radiation-de-
tected optical pumping) technique. ' ' Hartree-
Fock' and Strutinski calculations' ' have inter-
preted this finding as transition from a slightly
deformed oblate shape (A ) 187) to a strongly de-
formed prolate shape (A- 186). y spectroscopy
of 188Hg 8, 9 186Hg 10 12 and 184Hg 13& 14 has yielded
evidence for a coexistence and crossing of two
bands in these nuclei, one built on an almost
spherical shape and one on a strongly deformed
shape. The ground states have been found to be-
long to the vibrational band. Thus a strong odd-
even staggering of the nuclear shape occurs in
the light Hg isotopes. Recently, this staggering
could be explained theoretically. " " However,
a quantitative interpretation of the shape transi-
tion and of the shape staggering calls for a mod-
el-independent measurement of these effects by
one and the same observable, e.g. , by the change

of the nuclear charge radius 5(r') as determined
by IS experiments. Since RADOP fails in the
case of I =0 isotopes, purely optical techniques
have to be used. Recently, an experiment on
"'Hg was reported which made use of a tunable
dye laser in order to measure 5v in the 6s''S0-
6s6p'P„A. =2537 A transition. " The same tech-
nique has now been extended to the lighter even-
even isotopes '"Hg, '"Hg and '~Hg.

The experimental setup will be recalled very
briefly (for details see Ref. 17). The dye laser
is pumped by a 400-kW pulsed nitrogen laser.
Laser light in the ultraviolet is generated by fre-
quency doubling in an ammonium dihydrogen phos-
phate crystal. The laser beam passes a reso-
nance cell, which is periodically filled with the
isotope under investigation. Isotopically pure
samples are obtained by the ISOLDE II facility, "
an isotope separator on line with the 600-MeV
synchrocyclotron at CERN. The intensities of the
mass-separated ion beam, as obtained in the ac-
tual experiment, are given in Table I.
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TABLE I. Data of neutron-deficient even-even Hg isotopes obtained by laser spectroscopy and &(E'2) measure-
ments, and comparison with theory.

2
1 T1/2

g H& (min)

3
Yield

(ious/sec)

4
g 204/X

(GHz)

5
g204/g

(fm )

6
&P'&x„g (—P'&x iHg

from ISb

7
2

(P )st'x2, 2+~0+)
(() &s(E2,6+~4/

8
&0'&xH8 (—P'&x

Theory c

184Hg
186Hg

"'Hg
180Hg d

31/60
1.4
3.3
20

4x 10~
2x 108
2x M'
1x 10

43.1(2) —0.962(4) (106)
39.4(2) —0.881(4) (97)
36.8(2) —0.800(4) (88)
31.8(2) —0.711(4) (79)

—o.oeo(e)
—o.o53(5)
—0.002(1)

O.OOO(1)

—o.o55(3o)
—o.o5e(31)

—0.051
—0.040
—0.001

Two different uncertainties are given. The first one includes only the error of the IS measurement (preceding
column) and the uncertainty in the mass shift. The second one (quoted in wavy brackets) includes, in addition, the
uncertainty of c&.

bobtained by use of the relation of 6(r2& =(3/4~)BO 6(P'&.
Frauendorf and Pashkevich, Ref, 15.

dDuke & a/. , Ref. 17; by recent measurements the error could be reduced.

The IS of the spectral line X = 2537 A of the ra-
dioactive atoms in the resonance cell is mea-
sured by tuning the frequency of the laser over
the Doppler-broadened absorption profile, and

by observing the intensity of the fluorescence
light by means of a photomultiplier. A typical
scanning pattern for '"Hg is shown in the upper
part of Fig. 1. The measurement took roughly
10 min, and about ten sweeps of the frequency of
the laser over the absorption line of the isotope
under investigation were summed up. To obtain
a calibration of the channel numbers in frequen-
cy units, the laser beam is sent through a second
resonance cell containing stable even-even Hg
isotopes and placed in the pole gaps of a magnet.
Thus it is possible to shift the Zeeman compo-
nents into the region of the signal of the unstable
isotopes (lower part of Fig. 1), and the IS is de-
termined from the magnetic field values with the
help of the known Lande factor.

The results are tabulated in column 4 of Table
I, which also includes the data on '"Hg." After
correction for the mass shift 5v„"", the remain-
ing field shift between the isotopes with mass
numbers A and A' can be expressed by a power
series in the change of radial moments':
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suming spherical shape). The parameters c~/c,
have been computed by Seltzer. " The parameter
c, can be deduced from optical data, and for the
pair 'o'Hg-'O'Hg it is given by c,'o4~'o' = —44.9(5.0)
GHz/fm' (Ref. 3), where the slight dependence of
c, on the mass number involved can be calculat-
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where the radial moments higher than 6(r') con-
tribute about —7% of ()(r) for the case of Hg (as-
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FIG. 1. Intensity of the fluorescent light in the 6p 'S0-
6s6p 'I' „A.=2637 A line of 'S~Hg (upper part) and of the
0+ Zeeman components of the even stable Hg isotopes
in a magnetic field of 13.9 kG (lower part) vs the fre-
quency of exciting laser light.
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It is remarkable that just in this exotic corner of
the chart of nuclei, experimental data from both
sources are available and can hence be related
for the first time as shown below.

The transition probability is given by"

W(EO)) g
= Qp

with Ro = 1.2A"' fm and Q(Z, Er) tabulated by Hag-
er and Seltzer. '~ As in Ref. 16 and the work of
Dickmann and Dietrich, "we may write the two
physical 0' wave functions as mixtures of the
pure oblate and prolate solutions:

Pprol + lob& an Py b4pro$

From Eq. (5) it follows immediately that

(5)

&r'&g) = (~' —b')(r'&.b),p,.&

+ ~b (&r'& —&r'&.b&) ~

b = 0.085(15), (8)

which is a quite accurate determination of such a
small mixing parameter, provided that the as-
sumption of a negligible contribution of (r'&,b& p„1
to the EO transition is justified.

The extension of these measurements down to
'"Hg might be made feasible by improving exper-
imental details. It could thus be determined
whether the shape staggering extends further,
and where the nuclear shape becomes stabilized
finally.
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With neglect of terms in b', the difference (r') „1
-(r&,» can be read from Fig. 2 as 0.5(z'~ '"
+A,

' ~'")—A.
"+". The nondiagonal matrix ele-

ment (r&,» p„, is expected to be small because of
the large difference in shape. This is just the
usual argument for shape isomerism. Kith
(r'&ob, p„, = 0 we obtain

p =0.9(1)b. (7)

The experimental value for p is O. OV'oo,", (Ref. 14).
Inserted into Eq. (7) it yields
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