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Coulomb excitation by a particles is used to determine reduced E2 and E4 transition matrix elements
between ground-band rotational states in Dy and !’Er. The following results are obtained for '*Dy:
<1/2 5/2|| M(E2)(|5/2 5/2) = 3.83+0.10 eb; <9/2 5/2||M(E2)|[5/2 5/2) = 2.3140.02 eb;
<1172 5/2|| M(E4)||5/2 5/2 = 0.607$& ¢ b2, and for "'Er: <9/2 1/2|| M(E2)||7/2 7/2> = 4.38 +0.08
eb; <1172 /2| M(E2)7/2 1/2) = 2244001 eb; <13/2 1/2| M(E4)|7/2
7/2) = 0.77733 e b% Quadrupole and hexadecapole moments deduced from these values are compared with

those of neighboring even-A4 nuclei.

160°). Deduced E2 and E4 matrix elements.

[NUCLEAR REACTIONS $Dy(,a’), ¥'Er(a,a’), E=12 MeV, measured O(Ea,,]

I. INTRODUCTION

In recent years much experimental information
has become available on quadrupole and hexadeca-
pole moments of even-A nuclei in both the rare
earth and actinide regions of the Periodic Table.
In most of these studies a particles of sufficiently
low energy have been used to Coulomb excite the
2% and 4% levels of the ground-state rotational
band. The reduced E2 and E4 transition matrix
elements, (2*|M(E2)||0*) and (4*|ME4)|0*), are
determined by comparing the experimental exci-
tation probabilities of the 2* and 4* rotational
states with theoretical values calculated within
the framework of a suitable theory of multiple
Coulomb excitation.

The purpose of the present experiment is to ex-
tend the precise Coulomb excitation studies per-
formed in this laboratory'™ and elsewhere®™!3 to
odd-A nuclei. Owing to the higher-level density,
generally, more ground-band levels are populated
by Coulomb excitation with « particles than in the
neighboring even nuclei. Thus one is enabled to
determine additional E2 matrix elements and
verify the validity of the nuclear model used in
the analysis.

From the observed excitation probabilities of.
the various ground-band levels, the intrinsic
quadrupole and hexadecapole moments are de-
termined and compared with those of the neigh-
boring even-A isotopes. Preliminary results
were reported earlier.! :

II. EXPERIMENTAL PROCEDURE

The experiments were performed by bombard-
ing thin (10-30 pg/cm?) enriched (>91%) targets
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of 183Dy and *"Er with 12 MeV a-particles from
the University of Frankfurt Van de Graaff accel-
erator. The elastically and inelastically seat-
tered projectiles were detected at 6 =160° with
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FIG. 1. Spectrum of 12 MeV a-particles scattered
from 1$3py,
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FIG. 2. Spectrum of 12 MeV « -particles scattered
from ¥'Er,

two cooled Si surface-barrier detectors posi-
tioned symmetrically to the beam direction. A
peak-to-background ratio of better than 30000:1
and an energy resolution of ~21 keV full width at

W.
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‘half maximum (FWHM) have been achieved. Typ-
ical spectra are shown in Figs. 1 and 2.

The excitation cross section for the first excited
state of the ground band was determined by means
of a computer code which separated the respec-
tive peak from the elastic group in a self-consis-
tent iterative procedure assuming identical line
shapes. The intensities were simultaneously cor-
rected for known impurities in the target material,
At higher excitation energies a fourth-order poly-
nomial fit-was used to separate the peaks from
the background. The excitation probabilities of
the &, L, and 13" levels in '*’Er were deter-
mined to an accuracy of 3.5%, 1.3%, and 8.7%,
respectively. Similar uncertainties have been
observed in %Dy,

III. ANALYSIS AND DISCUSSION

The reduced E2 and E4 transition matrix ele-
ments were obtained from the measured excita-
tion probabilities by using both the quantum me-
chanical coupled-channels code JUPIGOR!S and
the semiclassical Winther-de Boer multiple Cou-
lomb excitation code.'® The calculations show

TABLE L. Results of the Coriolis calculation for Er. Coriolis parameters: EJ 5= 500083
+14.11 keV, E)/p=733.82+44.11 keV, E{,,=-143.40+1.59 keV, /#2/20=9,110.03 keV,
A3/2 5/2=-—10.81:‘:4.69 keV, A5/2 7/23-'—5.11:t 1.77 keV.

Level energy

Amplitude of wave function

Spin (keV)
1K™ (Nn, A) Cale. Exp. 3" (651) 3" (642) 1% (633)
117 (633) 2.0 0.0 0.0009 0.0154 0.9999
2 81.5 79.3 0.0018 0.0234 0.9997
.12-1 181.4 177.6 0.0029 0.0304 0.9995
8 299.4 293.7 0.0042 0.0371 0.9993
L 435.6 432.4 0.0057 0.0436 0.9990
g 589.9 592.0 0.0073 0.0500 0.9987
2 762.3 772.0 0.0093 0.0564 0.9984
3 3% (651) 532.0 532.0 1.0000
3 578.0 574.5 0.9948 0.1021
1 638.4 6417 0.9880 0.1547 —~0.0033
3 716.2 0.9799 0.1991 —0.0064
g 811.4 0.9711 0.2383 —0.0101
33" (642) 816.0 812.5 —0.1021 0.9948
% 883.3 874.0 —0.1547 0.9878 —0.0151
3 969.8 933.0° —0.1992 0.9797 —0.0225
4 1075.2 —0.2385 0.9707 —0.0289
8 1200.0 1205.0 —0.2735 0.9612 —0.0345




TABLE II. Reduced matrix elements
K | MEM| I;K;) in units of ebM? for levels populated
by Coulomb excitation in the 3Dy (,ca’) and *¥"Er(@,a’)
reactions.

163Dy
(3 $IM(E2)[4§ §)=3.83+0.10
23ImEQ( §)=2.31£0.02
& SMmEYH|§ §)=0.60£8

©

167Er

leo

(3 LIME2)| ] §)=4.38+0.08
G LIMEDNL Iy=2.240.01

& LimEylL Ly=o078H

(3 3lm(E2L £)=0.49%0.03
(3 3IIM(E2)| L Ly=0.42+0.02
(G 3IME2)|§ §)=0.53%0.03
(3 3IIME2)[§ §)=044%0.04
(& FlIm (el §)=0.70%0.02

that the hexadecapole moment can be determined
from the cross section of the third excited state,
while its influence on the first and second ex-
cited states is negligibly small since the excita-
tion of the latter two levels is governed by E2
transitions, For ¥Er two E2 matrix elements,
& HME)ZD and BLHIME2)LE), were de-
termined from the excitation of the §- and 4 levels
by means of the quantum mechanical coupled-
channels code. The ratio of these matrix ele-
ments was compared with the theoretical model
predictions which are needed to calculate the en-
tire E2 matrix. For both nuclei studied here, it
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appears that the reduced transition probabilities
are well described by the rigid-rotor model,
without Coriolis mixing. Whether or not band
mixing can be neglected was investigated in a
three-band Coriolis calculation in which level en-
ergies were fitted to the experimental values by
varying band-head energies, rotational parameter,
and coupling strengths, The result of such a cal-
culation, which included levels of the K =g—+, -g“,
and §* bands in '*Er, is shown in Table I. As
can be seen, the coupling between the ground-
state band and the higher bands is rather weak.
A previously assigned K =§+ band based on a lev-
el at 592 keV in '"Er was not included in our
Coriolis calculations, since Tveter et al.'” have
found that the 1" state at 711 keV is the band head
of a y-vibrational band. This assignment is sup-
ported by the strong excitation of the 711 keV lev-
el in the present experiment. Similar results are
obtained for the K =3, 3, and 5 bands in 1*Dy.

The influence of quantum mechanical effects on
the cross sections was evaluated by calculating
the excitation probabilities in terms of the E2
matrix with both the semiclassical and quantum
mechanical coupled-channels code. The quantal
effects reduced the differential cross sections of
the £*, &' and 1" levels in '*’Er by approximate-
ly 1.6%, 1.7%, and 6.5%, respectively. These
quantum mechanical corrections were then ap-
plied to the differential cross sections calculated
with the semiclassical code as a function of the
E4 matrix. The reduction of the excitation prob-
ability of the 2" state by 6.5% was taken to be :
independent of the magnitude of the (21| M (E4)||IZZ
matrix element, This is justified on the basis of
the results shown in Fig. 2 of Ref. 1.

The E2 and E4 matrix elements obtained from
the present study are listed in Table II. The sign

TABLE III. Comparison of the quadrupole and hexadecapole moments of %L, _nd $"Er

with those of neighboring even-A nuclei.

Q2 (b) Qyp () (K'=Kgs+2| M(E2;%2)|Kys) (eb)

l62py " 7.36+£0.03 0.64+0.24

(Ref. 6)
163py 7.29+0.13 1.02+}7
164y 7.54+0.04 0.54%5:3

(Ref. 1)
66Ey 7.67£0.03 0.52):% 0.256 £0.005 (K’ = 2)

(Refs. 1 and 4)
BEy 7.60+0.10 1.350:8 0.248£0.007 (K'=1) 0.249%0.012 (K’ = })
168gy 7.61+0.06 0.47=5% 0.255+0.005 (K’ = 2)

(Refs. 6 and 18)
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of the E4 matrix element was taken to be positive,
in analogy to the even-A neighboring nuclei. Also
shown are interband matrix elements for **Er
which have been determined from the measured
cross sections by means of semiclassical calcu-
lations assuming identical intrinsic quadrupole
moments? in the K =§", 5*, and &' rotational
bands. The E2 matrix elements obtained are
found to be in good agreement with previous mea-
surements,®

Intrinsic quadrupole and hexadecapole moments
derived from the measured reduced E2 and E4
matrix elements are compared with those of the

w.
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even-A neighboring nuclei in Table III, It is seen
that there is agreement of these values within the
experimental uncertainties. In the case of the Er
isotopes, the intrinsic interband matrix elements
between the ground-state band and the y-vibra-
tional bands (K,, =K,5.+2) are also shown. In sum-
mary, the measured multipole moments indicate

"that the shapes of the strongly deformed odd-A

nuclei '**Dy and '*Er are similar to those which
have been determined for the respective neigh-
boring even-A isotopes.
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