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ifferential cross sections for levels in the excitation-energy range from 0 to 3.0 MeV in 196 PtAbstract :
have been measured by inelastic electron scattering in a momentum-transfer range up to 2.5 fm- ' .
The ground-state charge density and the transition charge densities of nine low-lying collective
levels have been extracted in a Fourier-vessel analysis of these data . The densities are compared
with those obtained from microscopic calculations within the quasiparticle phonon model, using
the single-particle basis obtained from a density functional approach . Satisfactory agreement has
been obtained, in spite of the complicated structure of 196pt .

NUCLEAR REACTIONS 1116
Pt(e,e'), E=90-334MeV ; measured spectra, longitudinal

E

	

form factors, 196pt levels, Fourier-Bessel analysis, deduced transition charge densities, J, 7r,

B(A) . Compared to microscopic quasiparticle phonon model .

The use of high-resolution spectrometers in inelastic electron scattering experi-
ments makes it possible to investigate in detail the properties of low-lying states up
to 3-4 MeV excitation energy, depending on the level density of the isotope being
studied . The well-known mechanism of the (e;e') reaction allows the extraction of
the transition charge and current densities of these states in a model-independent
way. The transition densities present a sensitive test for different theoretical
approaches as they carry detailed information on the radial structure of nuclei in
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their excited states, whereas integral characteristics such as the transition rates, i .e .
(EA) or (MA) values, are mainly sensitive to the behaviour of the transition

densities in the tail of the nuclear density.
uring the past ten years such experiments have been performed at various

electron accelerator facilities . This paper belongs to a series of papers presenting
the results of these experiments in various mass regions : A==90 [refs. 1,2)], the tin
isotopes;), A=140 [refs. 4-12 ) ], A== 190 [ref. ")] and A= 208 [ref. '4 )] . Spherical
isotopes are simpler to deal with because of the moderate level density at low
excitation energy allowing the resolution ofmany excited levels, but deformed nuclei
such as "ONd [refs.'-9)] and '52Sm [ref. '` )] have been investigated as well . ' 9'ht is
considered to be a y-soft transitional nucleus with a small triaxial deformation in
its ground state. It would be interesting to compare the results for this isotope with
those for another transitional nucleus '46Nd in which it has been found from recent
similar (e, e') experiments 6,9) that the lowest excited states retain the ground-state
static deformation while the higher excitations can be considered as excited states
of a spherical nucleus.

In a preliminary report on the '9'I't(e, e') measurements ") the hexadecapole
states have been analysed in the framework of the interacting boson approximation
(IBA) . In the present paper the transition charge densities for all low-lying states
observed in this experiment in the excitation energy rangeof 0 to 3 1\/IeV are presented
together with the results of microscopic calculations within the quasiparticle phonon
model (QI'1VI) [refs. "- '9)] and the self-consistent finite Fermi system theory (FFS)
[refs. 20-22)] . The latter theory is based on the density functional approach. These
two approaches have been successfully applied in the interpretation of results from
(e, e') measurements for several of the spherical isotopes mentioned above 2-5,9-11).

Such calculations are much more complicated for transitional nuclei with strong
anharmonic effects and apriori we do not expect to get the same quality of description
as for spherical cases. However, the reasonable description of the '46Nd(e, e') data,
obtained at least for several excited states in the spherical picture 6), encouraged us
to apply the same approach also in case of 196pt.

The properties of low-lying states in 196 Pt have also been investigated in experi-
ments on inelastic scattering of protons 23), and a-particles `4), the (d ' 3He) reac-
tion -'5,26 ), the two-nucleon transfer reaction (t, p) [ref. 27 )], an (n, y) study 28), the
(d, pny) reaction 29 ) and in Coulomb excitation by heavy ions 30) . New experimental
information from (e, e') scattering will complement this available information.

o xeeri e ta set-u at analysis

The experiment was performed with the high-resolution QDD spectrometer in
the EIVIIN facility at NIKEF-K 3'

). The target was a self-supporting foil, enriched
of thickness 7 .1 mg/cm2. Spectra were taken at energies betweento 99% in '96

90 and 334

	

eV at scattering angles between 35° and 85°, thus covering an effective
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omentum-transfer (q,, j) range between 0.36 and 2.43 fm - ' . With the use of the
energy-loss technique, in which the dispersion in the beam at the target is matched
to the dispersion of the spectrometer, and after application of corrections for
leansmatic broadening and spectrometer aberrations, a momentum resolution of
around 8 x 10 -5 was obtained .

hgee additional data points were taken at a scattering angle of 154' in order to
estimate the relative importance of the transverse contribution to the cross section .
From these measurements no indication of transverse strength was found within
the error bars of the data . Cross sections were derived from peak areas which were
extracted from the measured spectra with the line-shape fitting program ALLFIT 3`').
For calibration purposes measurements were also performed on a 12C target and a
N target of natural composition. Uncertainties in the detector efficiencies, target

alignment and solid angle were corrected for by the aforementioned calibration
runs on ''C. The energy calibration was obtained from an analysis of several elastic
and inelastic peaks in ""Pt, '-'C and B and N isotopes.
The ground-state charge distribution of 196pt was extracted using a standard

Fourier-Bessel analysis with the computer code MEFIT 33
) . For 9 out of the 26

levels observed at excitation energies up to 3 MeV, transition charge densities were
extracted via a Fourier-Bessel analysis with the program FOUBES 34) . A cut-off
radius of 12 fm was assumed. An exponential fall-off was assumed for the form
factor above 2 .5 fm - ' . Small unphysical oscillations in the tail of the distribution
were removed by the application of a so-called tail bias, which forces the density
distribution to follow an exponentially decreasing shape beyond a certain radius .
Whenever a B(Ek) value was known from the literature this value was used as an
extra data point in the analysis .

3. Icrosc icapproaches for the description of properties of low-lying states

In this section two theoretical approaches used to interpret the experimental data,
the self-consistent FFS and the QPM theories, are briefly outlined . Both were
successful in describing transition charge densities of low-lying states in previous
experiments on the half-magic nuclei '"Sn [ref. 3)], 140Ce [ref. ")] and 142Nd
refs4,5)],. the non-magic spherical nuclei "Sr [ref.'`)] and 142Ce [ref. '(')] and the

transitional nucleus 146Nd [ref. 6)]. In this paper, these approaches, developed for
the description of spherical nuclei, are tested for excited states in transitional nuclei .
We shall try to combine the advantages of both the FFS and QI'1!ß approaches in
an attempt to achieve a good microscopic description for 196pt . In the following the

ain ideas of these approaches will be pointed out.
In the present paper a version of the FFS is used which allows a selfconsistent

dascription of both the ground state and the excited collective states . For this purpose
the density functional approach was used in the form close to that suggested in
ref. 22

) . The corresponding energy density as a function of r is represented as a sum



of four terms :

Here xf (r) _ [ pn(r) :I : pp(r)ll2Po(r), Pn(P)(r) is the neutron (proton) density, 2p"(r)
is the equilibrium nuclear-matter density (1V = Z), E F is the nuclear-matter Fer i
energy and the functions fi(r) and f+xf (r) are given by

with
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Eint(r) = En,ain(r)+E('oul(r) + Esi (r) + Epair(r) -

	

(

	

)

The main term is given by
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The first two terms of Ema ; n(r) are the contributions of the volume isoscalar and
isovector interaction energy and the last two terms are generated by the surface
finite-range density-dependent forces .
The usual form including the exchange part in the Slater approximation is taken

for the energy density of the Coulomb interaction Ec ou,(r) . The term Es,(r) comes
from spin-orbit and velocity spin-dependent interactions . The term Epa ; r(r) is the
pairing-energy density generated by simple 5-function effective particle-particle
forces .
The parameters of the density functional (a,, a-,, h'1,2,, h+, etc.) were chosen by

fitting binding energies, charge distributions and single-particle level spectra for a
number of nuclei, both magic (4°Ca, 48Ca, 209Pb) and non-magic ("Ir, '46Gd, tin
and lead even-even isotopes). The results of these calculations will be published
elsewhere 35) . The above functional is described in more detail in ref. ') where a
basic set of its parameters deduced from this fitting procedure, hereafter referred
to as set 1, is also given .
The FFS equations for one-phonon excitations were solved in a mixed coordinate-

shell configuration, the (r, A) representation . A self-consistent single-particle basis
and an effective interaction, obtained as a second variational derivative of this
functional with respect to the nucleon densities (obtained with this functional),
were used in which the particle-hole continuum was taken fully into account as in
refs . 10,21

) . The main advantage of this approach is that the FFS theory employs a
realistic form of the residual interaction between quasiparticles with a single fixed
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set of parameters for different nuclei . On the other hand, the most straightforward
way to take into account the interplay between the various modes of excitation is
to use the QPK thongh in this approach a more schematic form of the residual

teraction is used with parameters adjusted to the experimental data for each
nucleus. Selfconsistent consideration of such mixing of one- and two-phonon
configurations within the FFS theory will be described in a separate paper.

deals with an effective nuclear hamiltonian which includes an average
eutrons and protons, a pairing interaction and a multipole residual

interaction of separable form with the Bohr-Mottelson radial dependend', In pre-
vious spars [see e.g . refs.' . ")] the QPM calculations have been performed with a

otential for the average field and a monopole-pairing interaction
atria element (one for neutrons and one for protons) adjusted to

airing energies of neighbouring nuclei . In this paper we use the
quasi article spectrum and single-particle wave functions obtained in the FFS
calculation for the ground state . The QPM equations for excited states are solved
in the shell con

	

ration (A-)space, which essentially simplifies the calcu,ation of
the interaction between different phonon configurations . A quasibound-state
approximation is used instead of an exact treatment of the continuum. Eartier
calculations in heavy nuclei showed diat this approximation is suitable for low-spin
states and that the collectivity of low-lying collect.,.,e excitations is well reproduced
without introducing effective chargeR In the present calculation 34 single-particle
levels for neutrons and 32 Or protons are used, of which 18 are quasibound.

Excited states of even-even nuclei are considered in the QPM as a combination
of one-, two-, . . . phonon configurations bil -it upon the wave function of the ground
state Ag.. which is treated as the phonon vacourn. The wave function for the with

excited state with angular momentum A and projection g is given by

he
field f,
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honon operators QAIA, -A, 'th angular momentum A and projection A are constructed
as a Hnear comNnation of pads of quasiparticle creation a,, and annihilation ai,,,

erators with the sheil quanturn numbers jm - In, 1, j, m) as follows,

Solving the RPA equations yields a set of one-phonon configurations for all A ',
sequently used to determine the wave functions of eq . (6), and the
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Acoefficients 0',* and ojj ' for the contribution of each two-quasiparticle [a,,,,a %14P

	

i , 11

configuration in the structure of the ith A' one-phonon configuration . The hamil-
tonian is then diagonalized in the basis of these wave functions which yields the
set of equations for eigenvalues of states of eq. (6). By solving these equations the
spectrum of excited states and the contributions of one-, two-,

	

- - phonon configu
rations [i.e . the coefficients ;(AP),

	

L
pL'

I
I'(,A P) and TLIL

A'L"I"(AV) I to the structure of'I'
the with A' state are obtained . The transition charge density of the excited state (6)
is a similar mixture of the one-phonon configurations pm(r) and the two-phonon
configurations P[LIxL'I']A(r) densities :

PL'IPA ,(r)=1 Ri (,kv)pAi(r)+

	

LI
'(ÀOPJ LI + L'I'l. (r)

i

	

LIL'I'

The explicit expressions for p,;(r) and P[LIXL'I']A(r) as well as a more detailed
description ofthe QPM application to calculations of transition densities of low-lying
states can be found in refs . 5-9").

As mentioned above, in the framework presented here the QPM uses the Bohr-
Mwtelson residual multipole force and thus a few more parameters, i .e . the strength
parameters of the residual interaction K oj , are present in the QPM calculations than
in the FFS ones . Based on previous experience 17) the ratio between the isovector
K,A

7r and the isoscalar K'k 7r strength parameters has been fixed to a value of -1-2.
IFor A> 4 excitations we used KOAT -` K;,

+
for positive-parity states and K

A

	

K
~)

	

for

negative-parity states . Thus, three more parameters K �% Kand K 14) ' have been
adjusted to reasonably reproduce the positions and collectivity of the first excited
states of each multipolarity in calculations with the wave functions of eq . (6) . In
the actual calculations it is necessary to truncate the space of the phonon configu-
rations taken into account in these wave functions. In the present calculations all
one-phonon configurations up to an excitation energy of 3.5 MeV, two-phonon
configurations up to 6.5 MeV and three-phonon configurations constructed from
only the first collective phonons have been included .

4. esults

In addition to the present experiment a limited amount of data from electron
scattering') and muonic X-ray 36) experiments is available for this nucleus . The
ground-state charge density of "'Pt, deduced from the present (e, e) measurement,
is shown in fig. 1, together with the elastic form factor . The r.m .s . radius was
determined to be 5.38(2) fin, in good agreement with the available (e, e) result of
537N3) Q. The result of the muonic X-ray experiment is only quoted in the form
of an equivalent Barrett radius and cannot be compai-ed directly to the present
result . The ground-state densities calculated within the FFS with two sets of the
density functional parameters are also presented in this figure for comparison . -1 . -.,e
first set of parameters (set 1, solid line), also used in previous calculations 2 - z'1' ), is

the standard one for the FFS adjusted to reproduce ground-state properties for



186

0
2 1 -2b 0

_3b 10
10 -4

10-5
10-6

q.H [fm- ']

	

r [fm]

Fig . 1 . The ela"-tic form factor and the fit obtained in a courier-Bessel analysis (dashed curve) and the
deduced experimental ground-state charge density of 196pt compared with the results of ground-state
FFS calculations with two sets of parameters (set 1 : solid line ; see 11 : long-dashed line ; see text for

further details) .

different mass regions. The second one (set 11, long-dashed line) is obtained
especially for ''Pt by changing the parameter r( , of the basic set I [ref. 2)] from
1 .135 to 1_120frn . Both solid and long-dashed curves are practically identical in
the surface region and very close to the experimental result . The solid curve in the
interior region is close to the experimental data indicating that the FFS standard
set of parameters can also be applied for 06pt. In the present paper we have used,
however, both sets of parameters in the QPM calculations to check the stability of
the results. The r. .s . radius of the ground state resulting from calculations with
sets I and 11 is 5.42 and 5 .38 frn, respectively .
The inelastic-scattering data allowed the determination of the transition charge

densities of nine excited states by means of a Fourier-vessel analysis from the form
factor data. Fhe excitation energies and B(EA) values of these states are presented
in table 1 . Previous to our measurements, results for the 2 -,', 3 -, and 4 1 states in
'"Pt were obtained by (e, e') scattering . Our B(EA) values agree for the 2 1 and 3 1
states and disagree with the B( E4) value for the 41 state with those of ref.' ; ) . No
WmActor data have been presented in ref. 13

), but the comparison of the extracted
transition charge densities for the 4 1 states in '"'Pt and those of the other nuclei
studied in the same reference indicate an inconsistency in the tail behaviour of these
densities .
The experirnental excitation energies and B(EA) values are compared in table I

with the results of the QPM calculations with the wave functions of excited states,
eq. (6), for two sets of the ground-state parameters (I and 11) . The only quadrupole
transition observed in this experiment was the one corresponding to the first 2'
state at E, = 1356 MeT The B( E2) value was determined to be 1 .49 x 104 e-' fm4.

V Yu. Ponomarev et at. / Transition charge densities
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Excitation energies and B(EA ) values of collective low-lying states in "'Pt from the present experiment
compared to results of the QPM calculations with two sets of parameters (see text)

Experiment

TABLL I

Calculations

187

The form factor and the extracted transition charge density of this state are shown
in fig. 2. The transition density is compared to the results of the QP

	

calculation
obtained with the two sets of parameters: set I (solid line, hereafter also for set
calculations in all figures) and set II (long-dashed line, hereafter also for set lI
calculations in all figures) and the one-phonon approximation of the FFS calculation
with set 11 (dot-dashed line). The FFS predicts the first 2+ state at 0.47

	

eV with
a

	

(E2) value of 2.23 x 104 e2 fm4 . Both approaches reproduce rather well the
position of the experimental density maximum at 6.3 fm, the second maximum at
3.3 fm and the "minimum" at 1 .4 fm. The amplitude of the surface peak and the
B(E2) value are overestimated by the FFS calculation and underestimated by the
QPM calculation. The QPM calculation yields as the structure of this state 81%
of the first one-phonon 2+ configuration and 11% of the two-phonon [2;x4;12'
configuration. Although K 2' is a free parameter in the QPM, it was not possible to
increase the collectivity of this state since a further increase in the tc2' value leads
to very large values for the matrix elements of the interaction between phonon
configurations of different complexity (i .e . one- and two-phonon configurations)
which results in a shift of the two-phonon configurations to unrealistically low
energies.
To check the stability of the QPM results with respect to the truncation of the

phonon basis we have performed a test calculation for 2 + states in which all strong
one- and two-phonon configurations up to the isoscalar giant-quadrupole resonance

* Since the values of the contributions of the different phonon configurations to the wave functions
of excited states are slightly different in the calculations with the two sets of parameters, all values
presented here correspond to the calculations with set 1 .

A V

Ex
[MeV]

WEAT)
[e2 fm2A] Ex

[MeV]

set I

B(EAT)
[ e2 fm2A ]

E x
[MeV]

set II

B(EAT)
[e2 fm2A ]

2; 0.356 1.49 x 104 t 14% 0.25 6.16 x 10 3 0.31 6.85 x 103
4; 0.877 2.47 x 106 f 22% 0.75 1.65 x 106 0.84 1 .46 x 106
5

1
1 .270 2.04 x 107 t 10% 1 .20 1 .43 x 10" 1.33 1 .21 x 10"

42 1 .293 2 .01 x 106 t 20% 1 .47 4.68 x 10 5 1 .84 6.39 x 105
7,_ 1 .374 1 .48 7.74 x 1010 1 .83 1 .01 x 10 11
3

Î
1 .447 1.16 x 105 f 12% 2.08 1 .03 x 10 5 2.17 8.94 x 104

43 1 .887 4.38 x 106 ±29% 1 .82 2.17 x 106 2.00 3 .02 x 106
32- 2.431 8 .68 x 104± 16% 2.94 5.20 x 104 3.21 2.82 x 104
3 ; 2.638 7.16 x 104± 18% 3.29 2.80 x 104 3.65 9.22 x 103
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Ft. 2 . Top : The inelastic form-factor data and the fit obtained in a Fourier-Bessel analysis (dashed
Ike), and be deduced transition charge density ofthe 21 state compared to results of the QPM calculation
with the wave function eq. (6) aid two sets of parameters (set 1 : solid line ; set Il : long-dashed line; see
text for further details) and to the one-phonon approximation of the FFS calculation (dot-dashed line) .
Bottom : The QPM transition charge density of the 22 state calculated with set I parameters (solid line)

and the contribution of densities of one-phonon configurations (double dot-dashed line) .

) region have been included . This calculation showed that the contribution
of the GQR phonons in the framework of the QPM to the structure of low-lying
states is negligibly small and can be omitted.
The QPM predicts ten 2' states in the energy region up to 3 MeV but all of them

are very weak (the strongest one at 2.67 MeV has a ß(E2) value of 60 e2 fm4) and
therefore it is not surprising that no other 2' states have been observed in the present
experiment . The structure of most of these states is rather complicated since eight
one-phonon and several two-phonon 2' configurations are located in this region
and the strength of most of these configurations is fragmented over several states .
In fig . 2 we also present the transition charge density of the second 2' state predicted
at 0.46 Mell. The main contribution (62%) to the structure of this state comes from

2; ],+

	

with small admixtures of several one- andthe two-phonon [2 _ x 2,
three-phonon conmgura6ons . This state corresponds to the known 2' state at 688 keV



which has a strong transition to the 2 '1 state 37
). The experimental value of the ratio

( 2,22	21)/B(E2,2t " 01j.

	

, determined from the intensities ofy-decays oftheseI

	

1 9
levels under the assumption that the second 2+ state decays to the 2 +1 state pre-
dominantly by an E2 transition, is IA. The present calculation yields a value of 1.5
for this ratio. Although this state can be considered as atwo-phonon state, the shape
of its density is still determined by a small admixture of one-phonon configurations
which is shown in the bottom of fig. 2 by a double dot-dashed line .

Three levels at 1 .447, 2.431 and 2.638 MeV have been identified as 3- levels in
the present experiment . Their form factors and extracted transition charge densities
arepresented in fig. 3. The transition densities peak at 6.0, 6.3 and 6.5 fin, respectively,
and the shapes of those of the first and the second 3 - levels are rather similar. In
the QPM calculation the first three 3 - states appear to be a mixture of the first
one-phonon 3- configuration with low-lying two-phonon [2+, x 3,]3 - and [2; x 5,)3 -
configurations . The strength of the first one-phonon 3 - configuration is distributed
over these states as 44%, 25% and 14% respectively . Since the shape ofthe transition
densities is determined mainly by the contribution from the one-phonon configu-
ration, the calculated densities of the 3 ; and 32 states are very similar to each other.
The shift of the maximum of the calculated density from 6.0 fin for the 3 ; state to
6.1 fm for the 3j state, though somewhat smaller than that of the experimental
densities, appears as a result of the interference between densities of one-phonon
3; and two-phonon [21 x 31]3 configurations . This leads to a small shift of the
density maximum inwards for the 3 ; state and outwards for the 32- state.
The influence of the two-phonon configurations on the shape of the 3- state in

the QPM calculation is much stronger than for the 3 -42 states since the main
contribution (71%) to the structure of this state comes from the two-phonon [2; x
5d3- configuration, which is shown in the left part of fig. 4. The interference with
this two-phonon configuration results in a shift of the density maximum to 6.2 fin
but nonetheless the agreement with the experimental density of this state can be
considered to be only qualitative, especially for set H .
As in calculations for the Nd region 1,6,11) the QPM overestimates the excitation

energies of the 3 - states but the shape of the transition charge densities of the 3 ;
and 32 states is reproduced rather well . Since the structure of the 3 states is rather
complicated, we do not present here the results obtained within the one-phonon
approximation of the self-consistent FFS.
The structure of the low-lying 4+ states in terms of phonon operators is very

complicated, similar to that of the low-lying 2' states . There are four one-phonon
4+ configurations in the energy region up to 3 MeV and they are all mixed in the
wave functions of the 4+ excited states . The essential feature of the 4+ states is that
the strength of the first one-phonon 4+ configuration, which has the largest BkE4)
value, is fragmented over the three lowest states as 23%, 13% and 46% whereas the
first one-phonon 2+ configuration with the largest ß(E2) value is mainly concentrated
in the 2 +1 state. As a result three 4+ states with large B(E4) values appear in the

V Yu. Ponomarev et at / Transition charge densities
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Fig . 3 . The form factors and transition charge densities for 3 - states in '96pt. The curves have the same
meaning as for the top part of fig . 2 .

low-energy spectrum . They have been observed in the present experiment at 0.877,
1 .293 and 1 .887 MeV. The for

	

factors and extracted transition charge densities of
these states are

	

resented i

	

g. 5. The experimental densities peak at 5 .9, 6 . and
6.2 fm, respectively . Similar to the 3- states, the shift ofthe maximum ofthe transition
density of the 4' states is explained in the QPM calculation as a result of admixture
of two-phonon transition densities . The transition density of the first one-phonon
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Fig . 4 . The QPM transition charge densities K the 3; and 4' states in °96 Pt . The curves have the same2

meaning as for the bottom part of fig . 2 .

4' configuration has its maximum at 6.05 fm. The two-phonon [2 ', x 2+1 ]4. configu-
ration contributes 46% to the wave function of the 4+1 state and shifts the density
maximum to 5.95 N, while a 10% contribution with an opposite sign to the structure
of the 4 + state produces a shift outwards to 6.1 fm . The shift of the maximum of3

the 42' transition density to 6.3 fm in the calculation is a result of a 54% contribution
from the two-phonon [21 x 4114 4 configuration to the wave function of this state;
this is displayed in the right part of fig. 4.

Although the calculation somewhat underestimates the B(E4) values of all
observed 4+ states it reproduces rather well the B(E4) strength distribution . The
QPM also predicts a 4+ state at 2.64 MeV with a reasonably large ß(E4) value of
1 .9 x 10' e2 fm8, which appears as a result of a 62% admixture of the fourth one-
phonon 4+ configuration with several other one- and two-phonon configurations .
This state has not been observed in the present experiment, however. Other 4+ states
in the QPM calculation have very small B( E4) values .
The extracted transition charge densities of the 4,+ and 4,+ states have been used2

in ref. 15) to determine the boson structure functions in an IAA-2 description of
116 Pt . As a result of the analysis of the form factor of the 4.1,' state obtained with
these IBA boson structure functions it has been claimed ' S ) that the inclusion of
the g-boson is needed in IAA. From the present microscopic calculation we can
draw the conclusion that the one-phonon 4 1 and the two-phonon [2'1 - x 4 ', ]4'

configurations play a major role in determining the properties of low-lying 4' states
supporting the claim by ref.' s ).

There is an open question concerning the existence of a 4+ state at 1 .537 MeV.
The spin and parity assignments were suggested from a (d, pny) experiment 29 ) as
a result of the observed transitions

	

34+ (?) - 3 ' --> 2; . Even if this state can be assigned1 2
4% it must have a considerable contribution of many-phonon configurations in its
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wave function to allow such a transition. These many-phonon configurations are
of included in the present QPM calculation and such a state can therefore not be

re
ly two states of Ngh multipolarity have been identified in this experiment, the

5 -1 state at 1 .270 MeV and the 7 1- state at 1 .374 MeV. Their form factors and extracted
transition charge densities are presented in fig . 6 . Both of these densities have surface
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maxima at 6.1 fin. The ß(E7) value for the 7 1 level is not well determined due to
the large error bars on the transition charge density and it is not presented in table
1 . According to the QPM calculation the 5 -, state is a mixture of 48% of the first
one-phonon 5- configuration and 36% of the two-phonon [2, x 5 ;]5- configuration ;
the wave function of the 7 1 state has a 48% contribution of the first one-phonon
7- configuration and 30% of the two-phonon [2, x 5 ;

	

configuration . Although
the shape of the experimental density of the 5 1 state is reproduced well in this
calculation, the collectivity of this state is considerably overestimated. It can be
weakened by adjusting the parameter of the residual interaction Kj) which was

fixed in this calculation to be equal to K
3
-, but this will lead to an unrealistically0

small value of this parameter. Because of the large experimental uncertainties in
the transition charge density of the 7 -1 state, the form factor calculated for the
transition density predicted for this state is also compared to the experimental data

(see fig. 6) . The agreement is quite reasonable .
In general, microscopic calculations based on a spherical mean-field approach

reproduce reasonably well the set of data from the present experiment . From similar
experimental data in the transitional nucleus 146Nd it was concluded that '"is is
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a nuclcis with .,, ,lidpe coexistence of prolate-deformed and spherically symmetric
shapes in which the lowest excited states are characterized by the deformation of
theground state while the higher excitations can be considered as vibrational ones 6 ) .

ere we may conclude that all low-lying states in 116pt can be treated as excitations
of a spherical nucleus but the structure of all of these states appears to be rather
comoicated.

conclusions

The form factors of the ground state and nine low-lying collective levels in 196Pt
have been measured in a q,,, range 0.36-2 .43 fm- ' by electron scattering . The first
2', three 3 -- , three 4-', one 5 - and one 7 - states have been observed. The transition
charge densities of these states as well as the ground-state charge density have been
deduced in Fourier- Besse! analyses of these data. The extracted transition densities
peak between 5.9 and 6.5 fm, indicating the collective nature of these levels . It has
been shown that a reasonably good agreement can be achieved in a microscopic
treatment of the low-lying states of the triaxial 196Pt nucleus based on spherical
mean-field calculations . The single-particle basis for such calculations was taken
from the self-consistent FMS theory which proved to give good agreement with
experimental data for the ground-state charge densities. Unfortunately, the present
realization of this approach does not take into account the admixture of complex
configurations to one-phonon states (this work is still in progress), and only the
transition charge density of the 2, state was calculated . The full analysis for other
mass has been performed in terms of phonon excitations within the QPM which
consistently takes into account the interplay between phonon configurations of
different complexity. The structure of most of the low-lying states in 196Pt appears
to be rather complicated in this picture with the strength of the first collective
one-phonon configurations for each A ' fragmented over several low-lying states .
Since the shape of the transition densities of low-lying states with large B(EA)
values is determined mainly by this collective one-phonon configuration, this results
in the appearance of several low-lying states with transition charge densities that
are very similar to each other. This feature has been observed in the present
experiment and the transi , ion densities of three 4' states and at least two 3- states
displaying such a behaviour have been extracted. Although the transition densities
of these states are rather similar, the positions of their surface maxima vary from
one state to another. This is explained by the microscopic QPM calculation to be
a result of the admixture of two-phonon configurations . Although the size of the
shift of the maximum is underestimated by the calculation for some states, the sign
of the shift is always predicted correctly. It should be remarked that the results
obtained in the QPM with set 11 especially adjusted for 196pt give hardly any
improvement over the results obtained with the global set 1. This indicates that in
general it may suffice to use set I in calculations of this kind .
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