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COULOMB EXCITATION INTO THE BACKBEND REGION OF 164Er*' .

I. Y. Lee, D. Cline,” R. S. Simon,’ P. A. Butler,® P. Colombani,
M. W. Guidry, F. S. Stephens and R. M. Diamond

Nuclear Science Division
Lawrence Berkeley Laboratory
University of California
Berkeley, California 94720
and
N. R. Johnson and E. Eichler

Oak Ridge National Laboratory**
Oak Ridge, Tennessee 37830 -

ABSTRACT

Multiple Coulomb excitation has been used to excite previously |
unknown members of the groud.state band above the known backbend in |
164Er. The ground—band B(EZ) values obey the rigid rotor relation to » 
within #25%. A two band mixing anaiysis shows that the two intersecting
bands have remarkably small interaction matrix elements at the backbend

i.e., <40 keV. This weak band interaction is predicted by the rotation-

alignment model to be a general feature.
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- The _disc':overy1 of backbending (an anomaldus_behaViof of the
moment of inertia atbhigh spin in nuclear rotational bands) has 
stimulated an intensive theoretical‘investigétion of this phenomenon.z'6
Pfesent experimental evident:es’4 suggests that backbending>is caused
by the intefsection of the ground-state rotational band with a
~ second rotationél-band possessing an appreciably larger moment of
inertia. Two bossibilities have emerged for the moét 1iké1yrnature
of this second band. The Coriolis antipairings‘model considers it
to.Be a band for which the pairing has collapsed whiie the rotation-

' alignm.ent6 model attributes the band to two QUasiparticles which are
aligned with the rotating core by the Coriolis force. Observation |
of additional levels énd a determination of the interaction matrix
elements'between the intersecting bands can shed considerabie'light

“on the structure.of-the bands. ‘

Previously, backbending has been studied exclusiveiy using (HI,xn)
reacﬁions to populate highly excited high-spin states which subsequently
. deexite by y—ray‘cascades‘into the yrast sequence of states. In éontrast,

multiple Coulomb excitation specifically excites those collective bands

which are strongly cdupied,to the ground state and thus is a cohplementary
probe of the backbending phenomenon. Iﬁ addition, Coulomb excitéfibn

can be used to study neutron-rich nuclei which cannot be reached by
(HI,xﬁ) reactions. The present paper describes the first case where
states through a reasonabiy sharp backbend regioh_havé been Coulomb

164

excited. The nucleus Er has been studied because the high spin

yrast states‘up to spin 18" have been seen previously7’8 via the

1 164

64Dy(u,4n) reaction and because Er is one of the few stable isotopes

known to backbend sharply.
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136

Beams of 612 MeV and 547 MeV ~~"Xe ions from the LBL SuperHILAC

were used to bombard a 1.34 ng/cng self-supportingmetallic foil of
164Er. The isotopic enfichment was 73.6%. Three silicon detectors

were used to detect scattered Xe ions at anglee of 65°, 77° and 90°

in coincidence with deexcitation y-rays observed in a Ge(Li) detector located
at _30°3t0 the incident beam. The Ge(Li) detector was placed in the

average recoil direction where the Doppier shift is a maximum, 8%,

and the Doppier broadening is a minimum. A,Y—fay energy resolutiqﬁ of

<i% (FWHM) was achieved. Four 7.6 cm by 7.6 cm Nal detectors, serving as a

multiplitiﬁy‘filter; were placed around the target. The number of

 NaI deteetors.in coincidence was used to determine the muiltiplicity of
each y-ray transition observed in the Ge(Li) spectrum in'cqincidence with

~ the scattered ions. The dependence of the ¥-ray'yields on fhe'multiplicity
distribution, on thevbombarding energy and on the projeetile scattering |
angle provided three independent measures of the location of eéeh
deexcitation gamma transition in the nuclear decay scheme. A Y-ray

- spectrum is shown in the upper section of Fig. 1. ‘The unmarked Y-ray

166’168Er contaminants and

lines are due to Coulomb excitation of the
also to excited target nuclei which recoil into the silicon detectors
- and exhibit a small Doppler shift.

164Dy(a,4n) 164Er reaction Was studied, in addition to

The
the Coulomb excitation, to search for weak branching ét.the‘backbend;
A 10 mg/cm2 self-suppoffing metallic foil, enriched fo.QS% in‘1§4Dy,
was bombardedlwiph‘a 51 MeV a-particle beam fromuthe LBL ) .I '
88” Cyc1otfon. Twolsokmnscoaxial Ge(Li) deteetors, with

energy resolution of 2.3 keV FWHM at 1.1 MeV, were used and both



singles and ceincident.y-ray spectra were.accumulated. The 10Wer
part of Flg 1 shows the coincidence spectrum gated by transitions
or1g1nat1ng from states with I = 12.

The decay scheme derived from, the present-work is shown in Fig. 2.
_The yrast sequence up to spin 18+'has been seen in earlier work where ‘
spin assignments were made'on the basis of y-ray angﬁlar distribﬁtion

.78

dat The present work supports these previous results. In addition,

164Dy(u 4n) reaction clearly shows that an incompletely resolved

the
.707 keV self-coincident doublet feeds into the yrast 14% state. This
unresolved doublet, which has not been seen previously, was-strongly
excited by Coulomb excitation‘suggesting E2 character. The observed
yield of this doublet is 1.5 times the calculated yield for Coulomb  "
excitationkof_the ground band 16" state but is in agreement with the
predicted sum of the yields of the 18">16" and 16f;+14+ transitions if
rigid rotor B(E2) values are assumed. Thus this doublet is presumed to
deexcite the 18" and 16" members of the ground band. Neither the 14*
nor the 20+'members of the second band was located in the present work.
HOwever, the transitions 1nvolv1ng these states could have been masked
by transitions in 162Er exc1ted by Dy(a,4n) since the 506 keV

164Er coincide.

(10++8+) transition in *%%Er and the (18+'+16+') in
Above the 147+12" transition, the dlscontlnulty in the spac1ng
between - the ground-band transition energies is a strlklng feature of the
Coulomb excitation spectrum shown in Fig. 1. The measured yields of .

these ground-band transitions were compared with calcalationsvuSing

. the Winther-deBoer9 semiclassical Coulomb excitation code. An axially

symmetric rigid rotor was assumed with (OHM(E2)IZ) = 2.315 e.b. taken
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from an a;particle Coulomb excitation m.easurement,10 and with
(OWM(E4)NI4) = 0.2 e.b.'2 taken from systematics.11 The ratio of experi-
mental yields for-adjacent ground band transitions agreed with the
calculated ratio to better than £15%. The systematic uncertainties
involved in using this code are expected to be less than +20% frbm
comparison with experimentai yields for high-spin ground band states in

other strongly deformed nuclei.l2»13

Thus the ground-band B(E2) values
obey the rigid rotor relation to within <25%. Unfortunately the Coulomb
exeitation of the second band was difficult to observe because the
16+'“>14+ transition was unresolved from the strong 127-10" transition.
and the yrast 18% 16 transition is predicted to be weak. The
Coulomb excitation data places an upper limit on the ratio
B(E2;14+16')/B(E2;14+16) of <0.4. On a two band mixing picture this
ratio should be the same as the ratio B(EZ2;16'~+14 ) /B(E2;16'»14") if
both bands have the same intrinsic quadrupole moment. This second
ratio 1is givén by the branching ratio for deexcitation of the 16'
staﬁe. Systemétics would suggest that the 16'+14' transition energy
falls between 380 keV and 480 keV. No such transition was observed
and the ﬁpper limit fdr'branching to a 14+' state is <0.25 from the
164Dy(oc,4n) reaction data. This sets a lower limit of |
B(E2;16'14)/B(E2;16'>14') = 0.5. |

A conventional backbending plot of these results is shown in

166 1684¢ and 170W also exhibit very

Fig. 3. The N = 96 isotones Yb,
similar backbending and the upper band has about the same moment of inertia
and excitation energy in all these nuclei.14 Below the backbend the moment

of inertia in the ground band increases slightly with increasing spin,
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- presumably due to the‘ihfluence of Coriolis antipairing.

The ratio of the intra- to intefband B(EZ)Avalues at the band
intersection directly determines the interaction strength when only
two bands are interacting, prov%ded that the level energies are known
and the bands have thé samé intrinsic quadrupole moments. The_COulombbb

excitation and branching ratio data suggest that the ratio .

.B(E2;16'+14)/B(E2;16'+14;) ~ 0.45 which leads to an average interaction

matrix element of 38 KeV for these states if the 14" states splitting

'is 130 keV. In addition, the unperturbed ground band 14+'and 16" states

fall on an extension of the line through the lower spin states on a
backbending pldt, as indicated by the dashed line in Fig. 3, provided
that the interaction matrix eléments are taken to be 38 keV} This
interaction predicts a 24% redﬁction in the ratio B(E2;16-14)/B(E2;14+12)
for the ground band which is within the experimental limit given by

the Coulomb excitation yields. The y-ray branching ratio at the back-

15,16

bend has been measured in two other nuclei, the N = 90 isotones.

154Gd'and 156Dy. A similar analysis gives an average interaction matrix

15

element for the 16+ and 18+,states of 23.5%1.5 keV in 4Gd and

8.5+1.5 keV for the 16° state in 1°°

values previously reportéd.ls’16

Dy which is consistent with the

The energy for the 18" state given by the smooth extrépolation %p
Fig. 3 lies 27 keV above the experimental energy. The two quasiparticle- .
plus-rotor model suggests additional bands occur in this energy region and

the above shift could be due to the intersection of the ground band with.

one of these additional bands. Such behavior would result in a rapid

-loss of identity of the ground band at higher spin values:



-6- |

Band interaction matrix elements of less than 40 keV at‘the
backbend are remarkably small, i.e., they are neariy two orders of
magnitude smaller than might be expected fbr Coriolis matrix elements
at these spins. However, this behavior can be.understood in the rotation-
‘alignment model. Calculations with the two-quasiparticle plus

rotor'mode16’17

show that the aligned two 115/, quasineutron
eigenfunctions for the yrast states become localized around J = 12

and R = I-12 wifh increasing spin I. On the other hand the zero-
quasiparticle ground band has I = R for a fully paired state. The
Coriolis force does not couple states with differing core rotation R
and thus thevtwo bands interact only via the overlap ofvweak components
in the wavefunctions. This overlap becomes progressively smaller
With.increasing spin due to the increased localization in R space of the

6,17,18 (\ooest

aligned states. Two calculations within this model
that the interaction is <140 keV and is nearly constant for 10<I<22.
However, the assumptions made in these calculations may not be adequate
for accurately reproducing the interband interaction strength. A more
complete Haftree-Fock-Bogoliubov calculation by MTang19 also predicts
a small interaction strength.

This first example of Coulomb excitation through a known backbend
illustratés the power of this techniqué which can.be‘used on many’ :
nuclei that cannot be excited by (HI,xn) réactions. The groumd'band

164

B(E2) values have been measured in Er and follow the rigid-rotor

relation to within #25% throughout the backbend. The band.intersecting

164 154

the ground band in Er is closely similar to the bands seen ih_‘ Gd

and 1°%Dy which shows that this type of behavior is not peculiar to the



‘s

90-neutron region. The B(E2) data and the level energies in all three
nuclei are consistent with a two band mixing model having a remarkably
weak interaction strength at the backbend, i.e., <40 keV. This

behavior is reasonably well described by the rotafion-aliénment model .
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FIGURE CAPTIONS

Coincidence y-ray spectra for 164

the excitation of 164Er by 136Xe. The lower spectrum is for

Er. The upper spectrum is for

the sum of the coincidence spectra gated by the transitions -

164Dy(a,4n) reaction.

164

Level scheme of Er.

Plot of the moment of inertia vs the square of the angular

164

velocity for Er. The dashed line calculates a smooth

extrapolation of the line through the lower spin states.
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