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Deformation Parameters of "Sm by Electron Scattering
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We have measured the cross sections for excitation of the ground-state rotational band
in '5~8m by high-energy electrons. The ground-state charge distribution has been deter-
mined including the deformation parameters P2 and P4 of the nuclear surface.

The determination of intrinsic deformation pa-
rameters in nuclei has been of recent interest. '
These deformation parameters are usually ob-
tained on the basis of the Bohr-Mottelson model
which relates them to the transition probability
from the ground state to the rotational level of
angular momentum L. With strong-interaction
probes, coupled-channel analyses using deformed
optical potentials are required. In the particular
case of electromagnetic transitions, the B(EL) is
related to the nuclear electric multipole moment

(E~) of the intrinsic state by

B(EL)= (2L +1)(E ) /16'.

The derivation of deformation parameters from
these (E~) requires a model; they depend on the
shape of the charge distribution (mainly on the
radius and the skin thickness) and therefore can-
not be derived uniquely if the charge distribution
is not known. For the same quadrupole moment
and (rs)'", the value of Ps for a Fermi distribu-
tion is about 15% larger than for a uniform dis-
tribution.

Electron scattering not only gives information
about the transition probabilities; it also allows
one to determine the charge distribution of the
ground state and therefore allows a very accurate
determination of the deformation parameters
within a particular parametrization.

In this Letter we report the results of an elec-
tron scattering experiment on '2Sm performed
at the National Bureau of Standards electron
linac. The experiment was performed at incident
electron energies (E) between 50 and 105 MeV
and at the approximate scattering angles 93.5',
110', and 145'. The energy resolution of the ex-
periment was typically 0.08% and therefore al-
lowed a clean separation of all rotational levels
(Fig. 1). The areas under the peaks were extract-

ed using a line-shape fitting procedure account-
ing for radiative effects, Landau straggling, back-
ground, and the energy distribution of the inci-
dent beam. The cross section was obtained by
comparison to a C mea, surement, for which we
assumed the charge distribution as given by Sick
and McCarthy. 2

Since the two-parameter Fermi distribution
has been very successful for spherical nuclei, a
deformed Fermi distribution for the intrinsic
sha, pe of" Sm was used:

p(r, 8)= p(1+exp[/ —R(8)j/t'I) ',
with

A(8)=c[1+P Y (8)+P Y (8)+P Y (8)+ ].
This charge distribution can be expanded into
multipoles,

p(r, 8) = p, (r) Y„(8)+p,(r)Y„(8)

+p, (r) Y„(8)+p, (r) Y„(8)~ ~ ~

with

p (r) = fp(r, 8)Y,(8) dQ

The multipole moment (Ez) is then given by

(El ) = [16/(2L+1)j"'f, pl (r)r +'Cr

In calculating the cross section from the transi-
tion charge p~(r) we use a distorted-wave Born
approximation code taking into account the dis-
tortion of the electron wave as caused only by
po(r).

In this deformed fermi model the cross sec-
tions for the elastic scattering, together with the
excitations of the rotational levels, are deter-
mined by just five variables: c, t, P„P~, and P,.
The excitation of the 6' rotational level was not
observed, and the data for the 0+, 2+, and 4+

states are nearly independent of P,. Therefore
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FIG. 1. Spectrum of scattered electrons from Sm at 98.5 . Incident electron energy, 76 MeV. Besides the
ground-state rotational band, the 8 level at 1.041 MeV and the 2' level at 1.088 MeV are seen (channel 210).

this pa, ra,meter was taken from the e-scattering
results: P, = —0.012. From it-mesic x rays the
rms radius of ' Sm is known to be 5.0922 fm.
The value of B(E2) has been measured by several
methods' for which the average value is B(E2)
=0.338&&10'e fm . By assuming these three num-
bers, we have three constraints on the five pa-
rameters, which leaves two degrees of freedom
to be determined by this experiment.

The elastic scattering cross section depends
only on p, (x). We can approximate po by a Fermi
distribution,

completely specified by the following quantities:

(x')"'= 5.0922 fm,

(E2) = (0.582~0.006) x 10'e fm',

t,ff
——0.683 +0.040 fm,

(E4) = (0.870+0.040) xl04e fm',

1

p, (r)- i+exp
eff

where t,ff is given by'

[I,"p,(~) d~]'
ff 2

(O) 2J p (+)+0~+
(p) IO 2,—

Since (r )
' is fixed, f,ff is determined by the

elastic cross section. Finally, p~ is fixed by fit-
ting the 4' excitation cross section. The best fit
is shown in Fig. 2. For the purposes of display
we plot only the best-fit form factor for a scat-
tering angle of 93.5'. For those data not taken
at 93.5', the experimental points are multiplied
by the theoretical ratio cdr( 935')/d'e( 8) calculated
from the best-fit parameters and plotted at qef f
= q(l + —', Za/(r')"'E). The cross sections are
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FIG. 2. Form factor + for the excitation of the
ground-state rotational band; E= (o'/(T~(gt) '. For q,f(
=1.1 fm ~ the average of two experimental points is
plotted. Error bars shown represent standard devia-
tions due to counting statistics. Where not shown, the
standard deviations are smaller than the plotted points.

1712



VOLUME 28, NUMBER 26 PHYSICAL REVIEW LETTERS 26 JUNF. 1972

of which the top two were used as constraints.
The error in (r )

~ is assumed to be small enough
to be neglected. Using the deformed Fermi shape
with Ps= -0.012, we find Ps= 0.287 +0.003 and P~
= 0.070 +0.003. It should be emphasized that the
values of B(E2) and (r )' from other experiments
together with the elastic scattering completely
fix the predictions of our model for the 0-2+
transitions. The good agreement with experi-
ment is an indication that our model is a close
representation for these states in Sm'".

The error ascribed to P~ and thus to (E4) comes
from the fact that the parametrization of the in-
trinsic state relates the transition radius of p4 to
the very accurately known rms radius and thus
provides the extrapolation to the photon point.
This fit is not completely satisfactory since for
the 4+ cross section gives y =16 with seven de-
grees of freedom and thus may indicate a system-
atic discrepancy. %ith this in mind we note that
our value for (E4) is about 2(P/p smaller than the
results of Greenberg, 7 (E4) = (1.11+0.12)x104e
fm4; and of Stephens, Diamond, and de Boer, ~

(E4) = (1.06 +0.21)&10'e fm'. These latter re-
sults are from heavy-particle Coulomb-excita-
tion experiments and the determination of (E4)
is straightforward. There are several possible
causes for the present discrepancy:

(A) In our analysis we neglected dispersive cor-
rections which may play a role because of the
strong collective character of the lowest states.
This is expected to be a small effect. '

(B)We assumed the excited states to be pure
rotational states. This is only an approximation.
Stokstad et al. ,

' show that there are admixtures
of vibrational states. The consequences of such
admixtures on electron scattering have not been
investigated.

(C) The parametrization in terms of a deformed
Fermi shape may be wrong. In fact the discre-
pancy can be resolved by choosing a charge dis-
tribution which gives a larger transition radius
for the 4+ excitation. One possible parametriza-
tion would be

The additional parameter, y4, allows the transi-
tion radius of p, (r) to be adjusted. The best fit
gives X'= 9 for six degrees of freedom. This fit
(y, = 0.065&0.030) yields (E4) = (0.956+0.050)
&10 e fm, which agrees within the errors with
the Coulomb-excitation results. Parametrizing
R(8) as before, we find that c, t, P„and P~ are
not changed significantly. Our results show that
the I.= 4 deformation of the nuclear surface is
given by the amplitude of p4 which can be mea-
sured directly by electron scattering. On the
other hand, a knowledge of (E4) = j p4r'dr empha-
sizes the deformation at large radii and yields a
deformation that depends on the specific model
used.

From o.-particle scattering, values of Ps
=0.246 and P, = 0.048 have been reported. Al-
though these are considerably smaller than the
values we infer from our data, it is not clear
that a simple comparison is appropriate because
the e particle probes the nuclear potential dis-
tribution, while electron scattering and Coulomb
excitatiori probe the charge distribution.
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