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Neutron excitations and interactions above theN580 superdeformed closed shell:
Superdeformation in 144Eu
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Three superdeformed bands have been observed in the nucleus144Eu with the GAMMASPHERE spectrom-
eter in its early implementation phase. The reaction used was122Sn(27Al,5n)144Eu at a beam energy of 142
MeV. All three bands are identified as single-neutron excitations with respect to143Eu. One band is a confir-
mation of a previously suggested candidate. It is assigned as the yrast sequence based on thep61n71 configu-
ration, and is believed to undergo an interaction with then@514#9/22 orbital. The other two bands are assigned

as signature partners based on thep61n 6̃1 configuration, where 6˜ corresponds to a mixed@651#1/21/

@642#5/21 state. The partner that contains thea521/2 signature component of the 6˜ orbital is identified from
a band crossing that occurs in related bands in145Gd and146Gd. Alignment plots suggest that the interaction
strength becomes stronger as the mass number increases.@S0556-2813~97!03003-3#

PACS number~s!: 27.60.1j, 21.10.Re, 23.20.Lv
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I. INTRODUCTION

The investigation of chains of superdeformed nuclei
high spin allows the systematic study of active sing
particle orbitals that are near the Fermi surface when
nuclear mean field is subjected to extreme distortion
rapid rotation. The first attempt to gain a systematic und
standing of the single-particle structure along a chain w
performed for the yrast superdeformed bands in the Gd
topes@1#. More recently, valence-proton configurations ha
been established for the yrast superdeformed bands in
chain ofN580 isotones142Sm @2#, 143Eu @3,4#, 144Gd @5#
and 145Tb @6#. Attention has now focused on neutron excit
tions with respect to143Eu. A superdeformed band i
142Eu @7# based on a hole in theN580 closed SD shell ha
recently been found, whereas earlier evidence for superde
mation in 144Eu comprised a ‘‘ridge’’ and a candidate ban
@8#. Here confirmation of this candidate as abona fidesuper-
deformed band is given, together with two new super
formed bands that are assigned to144Eu. All three bands are
interpreted as single-neutron excitations with respect
143Eu. Two of the bands show evidence for rotationally
duced interactions caused by the crossing of neutron orbi
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II. EXPERIMENT

The experiment was performed with an early impleme
tation ~EI! phase of the GAMMASPHERE multidetecto
g-ray spectrometer located at the 88’’ cyclotron building
the Lawrence Berkeley National Laboratory~LBNL !. In this
configuration the array consisted of 36 large volume hyp
pure germanium~HPGe! detectors, each equipped with a bi
muth germanate~BGO! Compton-suppression shield. A
beam of 27Al ions at an energy of 142 MeV was directe
onto a target that consisted of a stack of two;500 mg/
cm2 foils enriched to;98% in 122Sn. High-spin states in
144Eu were populated in the 5n exit channel. The event trig
ger required that at least three suppressed HPGe signals
registered in coincidence after pileup rejection, such that
resolving time was 100 nsec, with each detector tim
against the RF of the cyclotron. Typical ‘‘singles’’ HPG
rates were 10 KHz, with an event rate of 5–6 KHz. Gain a
Doppler corrections were employed on line before digitiz
tion of the energy signals. The energies and times of
coincidentg rays were written onto magnetic cassettes
off-line analysis. Energy and relative efficiency calibratio
of the HPGe detectors were obtained with152Eu and 133Ba
sources.

III. DATA ANALYIS AND RESULTS

The data were reduced off line to leave only the num
and the energies of the detectedg rays for each event. Thes
reduced data were stored in a compact format on magn
cassette. Approximately 7.83108 threefold, 2.83108 four-
fold, and 8.93107 five to eightfoldg coincidences remained
These were unpacked into 2.93109 threefold and 9.73108

fourfold events. The threefold data were replayed intoEg-
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1102 55G. HACKMAN et al.
Eg-Eg cubes which were analyzed with the programsCU-

BEAID @9# andLEVIT8R @10#. This allowed fast and easy in
spection of double-gated spectra.

Both the threefold and fourfold data were scanned
superdeformed bands of regular~but not necessarily con
stant! spacing with the codeANDBAND @11#. The starting
energy was in the range 640<E0<711 keV. Inspection of
candidates put forward by the program suggested that fou
them corresponded to superdeformed bands. One of t
was the yrast band of143Eu @3,4#, which will be referred to
later as143Eu(A). Another proved to be a confirmation of th
candidate that had been previously found with the 8p spec-
trometer@8#. The latter is now labeled as bandA in 144Eu
@‘‘ 144Eu(A)’’ #. Two new sequences were also found, wh
are labeled as bands144Eu(B) and 144Eu(C). Spectra gener-
ated withLEVIT8R for the three bands are shown in Fig.
Assignment to144Eu was based on coincidences with know
transitions between the normal-deformed states in144Eu.
This was helped by an extension of the level scheme w
LEVIT8R. Double-gated and triple-gated spectra were gen
ated for each SD band. These were compared in orde
ascertain whether the appearance of transitions from nor
deformed states was real or random. The measured ene
and intensities for each band are summarized in Table I

The intensity pattern for each band was obtained from
double- and triple-gated data. In data of foldf , f – 1 gates
are set, and it is necessary to account for the effect of
gating procedure on the measured intensity pattern. A fe
ing pattern characteristic of superdeformed bands was
sumed, namely an initial ‘‘feeding ramp,’’ a ‘‘plateau’’ fol
lowed by a sudden decay out. An iterative fit was peform
to this assumed feeding pattern, in which the detector e
ciency was also included@12#. The results for the three band
are summarized in the Table I, where all intensities are co

FIG. 1. Summed double-gated coincidence spectra gener
with LEVIT8R that show the three superdeformed bands in144Eu.
Each band member is indicated by a,, while non-SD transitions in
144Eu are identified by ad.
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pared to the maximum intensity of bandC normalized to 1.
It can be seen that within errors, the three bands are po
lated with the same maximum intensity relative to one a
other. The intensity with which144Eu(C) was populated
relative to the totalg decay into the nucleus was determin
from LEVIT8R. A figure of 0.17~4!% was obtained, while both
144Eu(A) and 144Eu(B) were populated at a maximum inten
sity of 0.14~4!%. Thus, under the present experimental co
ditions, the summed discrete-line superdeformed intensit
144Eu is estimated to be 0.45~7!%. This is approximately half
the strength of the yrast bands in143Eu and142Eu.

IV. DISCUSSION

A. Total Routhian surface calculations

Large gaps are known to occur in the Nilsson diagram
Z562 andN580 for a superdeformed shape which corr
sponds to (b2 ,g).~0.5,0°). With respect to these gaps, t
simplest valence configurations in144Eu are expected to be
of the formp61nX, that is, single-neutron excitations wit
respect to theN580 ‘‘core’’ nucleus, 143Eu.

As a first step in the assignment of neutron configuratio
to the observed bands, we have performed total Routh
surface~TRS! calculations@13# for the four parity (p) and
signature (a) combinations of the neutron orbital ‘‘X.’’ The
proton component was kept fixed as (pp ,ap)5~1,1 1/2!
appropriate for thep61 configuration. Hence the total quan
tum numbers of the system are given by (p tot ,a tot)
5(pn , 1/21an).

All four configurations show a superdeformed minimum
as can be seen in Fig. 2. The calculations do not indicate
one particular configuration is markedly favored over t
others, which is also the case for cranked Nilsson-Strutin
calculations@14#. A moderately deformed triaxial minimum

ed

TABLE I. Measured energies and intensities for the three sup
deformed bands in144Eu.

144Eu(A) 144Eu(B) 144Eu(C)
Eg ~keV! I g ~%! Eg ~keV! I g ~%! Eg ~keV! I g ~%!

878.6~6! 0.39~8! 506.9~3! 0.36~8! 603.2~4! 0.61~14!
902.7~4! 0.63~8! 572.9~2! 0.65~12! 668.2~4! 0.61~9!

952.7~6! 0.57~12! 638.8~2! 0.76~13! 731.1~3! 0.63~9!

1011.7~5! 0.96~13! 638.8~2! 0.76~13! 794.2~3! 0.57~9!

1069.3~6! 0.88~14! 703.9~3! 0.61~9! 857.9~3! 1.06~10!
1128.0~6! 0.85~13! 769.5~2! 0.81~9! 919.1~1.2! 0.96~10!
1186.1~7! 0.64~14! 835.6~3! 0.93~10! 981.5~4! 0.99~10!
1244.9~6! 0.71~11! 900.7~3! 0.86~11! 1043.4~6! 1.16~13!
1302.2~8! 0.59~11! 966.4~3! 0.82~10! 1104.5~6! 0.68~10!
1363.3~9! 0.57~11! 1031.7~4! 0.85~11! 1165.3~6! 0.65~9!

1421.4~1.2! 0.46~13! 1095.6~5! 0.63~8! 1226.8~7! 0.47~8!

1478.6~2.1! 0.40~18! 1159.6~5! 0.63~9! 1284.3~6! 0.56~9!

1221.6~5! 0.52~8! 1344.5~1.0! 0.43~8!

1282.0~8! 0.50~7! 1403.2~1.0! 0.41~7!

1334.6~6! 0.45~6! 1466.0~7! 0.34~6!

1370.8~9! 0.28~6! 1528.0~1.3! 0.20~4!

1396.5~1.1! 0.23~5! 1589.3~1.0! 0.16~5!

1430.5~9! 0.19~5!

1467~1! 0.10~5!
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55 1103NEUTRON EXCITATIONS AND INTERACTIONS ABOVE . . .
is also common to each configuration, and collective str
tures believed to be based on this shape have been rec
found in 144Eu @15#.

Since all four TRS minima have similar prolate deform
tions (b250.5060.02!, one Routhian diagram can be us
to guide the assignment of the neutron orbitals that co
spond to the configurations represented by the TRS p
Such a diagram is shown in Fig. 3; the proton Routhians
also shown for completeness.

At rotational frequencies greater than;0.5 MeV the
Routhians suggest that then71 intruder orbital is likely to be

FIG. 2. Total Routhian surface calculations for144Eu for the
four-parity signature (p,a) combinations for the odd neutron, a
indicated in each panel. In each case the proton configuratio
(p,a)5~1,11/2!, as appropriate for the occupancy of thep61 in-
truder orbital.

FIG. 3. Single-particle Routhians appropriate for144Eu calcu-
lated at (b2,b4,g)5~0.52,0.05,3°). Important orbitals and partic
numbers have been labeled, as fully explained in the text.
-
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-
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reoccupied in the yrast configuration. This corresponds to
neutron (2,21/2! configuration. Hence the high-Nosc~where
Nosc is the major oscillator quantum number! configuration
of the yrast superdeformed band in144Eu is expected to be
p61n71. The candidate band that was previously found w
the 8p spectrometer was tentatively identified with this co
figuration. Since the (p tot ,a tot) quantum numbers of this
configuration are (2,0!, the corresponding band has negati
parity and even spins.

Over the same frequency range, the lowest lying exci
band is predicted to be based on a positive-parity Routh
of negative signature. We shall label this state and its sig

ture partner as 6˜a561/2, since they arise from the crossing o
routhians that originate from the@651#1/21 and @642#5/21

Nilsson levels. Indeed, the crossing of the negative-signa
Routhians is believed to be responsible for ‘‘humps’’ that a
observed in the dynamic moments of the excited and y
superdeformed bands in145Gd @‘‘ 145Gd(B)’’ # @16# and
146Gd @‘‘ 146Gd(A)’’ # @17,18#, respectively. Hence a simila
feature would be expected in the first excited band
144Eu.

B. Dynamic moments of inertia: Configuration assignments

The dynamic moments of inertia have been extracted
each band from the energy differences of successive tra
tions. They are shown in Figs. 4~a! and ~b!, together with
those from other relevant superdeformed bands. In
A5140–150 region, the sensitivity of theJ (2) moment of
inertia to the high-Nosc occupancy can be extremely usef
when it comes to making configuration assignments. In
present case, the configuration assignments have to be

is

FIG. 4. J (2) dynamic moments of inertia for the three superd
formed bands in144Eu compared with those for some superd
formed bands in nearby nuclei.@Note, in ~a! the J (2) for
144Gd(A) goes off scale.#
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1104 55G. HACKMAN et al.
sistent with the dramatic rises that occur in144Eu(A) and
144Eu(B) at \v.0.45 MeV and 0.69 MeV, respectively.

1. 144Eu(A)

It was previously suggested that the candidate band~now
confirmed here as bandA) found in 144Eu was the yrast
sequence based on thep61n71 configuration. The lowes
transition energy of the candidate was identified as 894 k
which may be compared to 483 keV in the yrast band
143Eu. This large difference was hard to understand, sinc
band crossing or unpaired-to-paired phase transition wh
would force a rapid decay out of the band, was not expec
for this configuration. The suspicion was that the band co
not be followed to lower transition energies due to its we
ness. In fact, the shortness of the band was confirmed in
present high-fold data, where it can now be seen that
J (2) of 144Eu(A) undergoes a dramatic rise at\v.0.45
MeV. This clearly suggests that the band is undergoin
structural change, at which point it disappears. It is belie
~see below! that the change in structure arises from the cro
ing of then71 intruder and the negative-signature Routhi
that originates from the@514#9/22 orbital. Hence, the assign
ment of 144Eu(A) to the yrastp61n71 configuration is con-
sistent with the present data.

For completeness, it should be noted that the behavio
the J (2) of 144Eu(A) is reminiscent of that seen i
144Gd(A) and 145Gd(B) ~see Fig. 4!. In these cases the ris
is attributed to a quasiproton crossing due to the alignmen
the first pair ofNosc56 proton intruders. This could only
happen in144Eu(A) if the band were based on a proton e
citation of the formp62^X21. Such a configuration could
be considered as a proton hole in145Gd(A). Inspection of the
proton Routhian diagram suggests that the vacated or
‘‘ X’’ would most probably correspond to the negativ
signature Routhian that originates from the@301#1/22 Nils-
son level. A hole in this orbital would be expected to gi
rise to a band with identical transition energies
145Gd(A), since the signature (a) has the same sign an
value as the aligned spin (i ). This is not the case, and, more
over, there is no evidence for the quasiproton crossing

FIG. 5. Effective alignment for144Eu(A) relative to 143Eu(A).
The line shows thei eff for the n71 intruder orbital predicted by the
Hartree-Fock calculations. The drop at low frequency occurs w
the n71 intruder crosses the@514#9/2

2 orbital.
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145Gd(A) which is clearly observed in145Gd(B) @16#. This
may be due to the weaker proton pairing in145Gd(A) that
arises from an increase in deformation caused by the o
pation of then71 intruder orbital @16#. Since there is evi-
dence that SD bands based on the same high-Nosc intruder
configuration have the same quadrupole deformation@19#, it
seems unlikely that the quasiproton crossing would appea
144Eu(A) when it does not occur in145Gd(A).

2. 144Eu(B)

TheJ (2) of 144Eu(B) shows a dramatic rise close to th
frequency where the ‘‘humps’’ are observed in145Gd(B)
and 146Gd(A), as shown in Fig. 4~b!. Hence, it seems rea
sonable to identify144Eu(B) with the excited neutron con

figuration, p61n 6̃a521/2. A comparison of interaction
strength of the orbital crossing that causes the perturbat
in these bands will be made in a later section.

3. 144Eu(C)

The most likely assignment for144Eu~C! is the~1,1! sig-

nature partner to144Eu(B), namely thep61n 6̃a511/2 con-
figuration. The cranking models show that an interaction
also expected in this band, but thea511/2 orbitals cross at
frequency beyond that observed experimentally.

C. Effective alignment of then71 intruder orbital

The interpretation of the intrinsic structure of superd
formed bands is, in general, based on the behavior of
J(2) as a function of rotational frequency. This approach i
consequence of the lack of knowledge of the spins~and pari-

n FIG. 6. Aligned spins for144Eu(B), 145Gd(B), and 146Gd(A).
The Harris parameters that were used are listed in Table II.
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TABLE II. Spin values and Harris parameters used to extract the gain in aligned spin through tha5
–1/2@651#1/21/@642#5/21 crossing in144Eu(B), 145Gd(B), and 146Gd(A). The aligned spins are plotted i
Fig. 6.

Nucleus~band! Confign Eg ~keV! I i→I f(\) ^K&(\) J0(\2MeV21), J1(\4MeV23) D i (\)

144Eu(B) p61n 6̃a521/2
507 22 3 60.0, 2.0 >4.4

145Gd(B) p62n 6̃a521/2
793 35.5 4.5 68.0, 2.0 2.2

146Gd(A) p61n 6̃^71 826 43 5 70.0, 2.0 1.3
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ties! of the vast majority of SD bands. Hence, the quanti
tion of angular momentum, and the fact that even-A ~odd-
A) systems have integer~half-integer! spins are of no use
when only theJ (2) is considered. These facts can be e
ploited when an analysis in terms of effective alignme
@20# is employed. In this approach, the relative change
spin at a particular rotational frequency can be inferred fr
nucleus ‘‘A’’ to nucleus ‘‘A11’’ as a particle is added. This
difference in spin at a particular rotational frequency
called the ‘‘effective alignment’’ (i eff), which can be com-
pared with a theoretical prediction for a particle placed in
specific orbital. It is assumed that changes in other quanti
such as pairing and deformation, due to the addition of
particle are small compared to the effect of the orbital sp
The aim of an analysis based on effective alignments
therefore to mutually assign spins and configurations i
consistent way over a range of nuclei. This was first
tempted for the yrast superdeformed bands in the chain
gadolinium nuclei from146Gd to 150Gd @1#. Effective align-
ments were derived for the various neutron orbitals that
filled from as the neutron number increased fromN582 to
86. Since then71 intruder orbital is occupied in all of thes
bands, it was not possible to extract its effective alignme

The subsequent discovery of SD bands in144Gd
(N580) @5# and 145Gd (N581) @16# has meant, in principle
the alignment could be obtained from the latter when co
pared with the former. The strong perturbation of the le
spacing caused by theN56 quasiproton crossing in144Gd,
however, hampers the analysis. A more reliable way of
taining thei eff of the n71 orbital is to compare thep61n71

yrast configuration in144Eu with the yrast band in143Eu. In
the analysis it has been assumed that, consistent with
results of@4# and the signature of11/2, the 484 keV transi-
tion in 143Eu(A) decays to a 37/2\ state. The yrastp61n71

configuration in144Eu will have even spin, since the sign
ture is zero. The effective alignment so derived is shown
Fig. 5, where it is compared with a theoretical prediction
the n71 orbital taken from unpaired Hartree-Fock calcu
tions @21#. It is from this comparison that the 879 keV tra
sition has been assigned to decay from a 38\ state, since this
gives the best agreement with theory. The effective ali
ment is constant apart from sudden decrease at the lo
frequency, which suggests that the orbital occupied by
81st neutron in144Eu(A) has a constant alignment over a
most the entire observed frequency range. The constan
well reproduced by the Hartree-Fock calculations, as is
drop at lower frequencies, where the calculations converg
a minimum that corresponds to the occupancy of
n@514# 9/22 orbital, which has a negligible aligned spin.
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D. Characteristics of thea5–1/2†651‡1/21/†642‡5/21

crossing

Evidence has now been seen in three1 SD bands for the
crossing of thea521/2 neutron orbitals that originate from
the @651#1/21 and @642#5/21 Nilsson levels. The character
istics of the two orbitals@see Fig. 3~a!# means that the cross
ing can only occur if the former lies higher in energy th
the latter at zero rotation. Woods-Saxon mean-field calcu
tions @13# predict that these two orbitals cross atb2.0.6.
Since the Nilsson states originate from thel
56 i 11/2 and i 13/2 spherical subshells, respectively, the cro
ing provides a sensitive test of the mean-field parameter

1. Gain in aligned spin through the crossing.

Though the spins of the three bands in question are
known, it is possible to extract the gain in aligned spin th
results from the crossing. The configuration assignment
the three bands can be used to limit the relative spins
tween the three bands, and also to choose the K quan
number, which was taken as the sum of theK values of the
valence particles. These values are listed in Table II, toge
with the Harris parameters used to subtract off the collec
component of the spin. It should be noted that the gain
aligned spin is insensitive to changes in eitherK or the as-
signed spins, since the former is small compared to the la

Inspection of the aligned spins~see Fig. 6! andJ (2) plots
clearly suggests that the interaction strength is weakes
144Eu(B), due to the more abrupt upbend at the crossi
The plots indicate that the interaction strength increases f
144Eu(B) to 145Gd(B) to 146Gd(A). This trend probably re-
flects an increase in deformation, since, as shown in Tabl
the number of occupied high-j intruder orbitals increases b
one from 144Eu(B) (p61) to 145Gd(B) (p62) to 146Gd(A)
(p62n71). Only in the case of146Gd(A) has the deformation
been inferred from Doppler shift lifetime measurements@17#,
but it is hoped that the relative differences in deformati
between these bands can be measured in the near future
a large detector array.

2. Quantification of the interaction strength

It should be possible to quantify the interaction streng
by inserting the gain in aligned spin (D i ), the maximum
(Jmax

(2) ) and unperturbed (J 0
(2)) values of theJ (2) into the

equation

1There is now probably a fourth case in theN581 nucleus
143Sm @22#.
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TABLE III. Estimated interaction frequencies and strengths for thea5–1/2@651#1/21/@642#5/21 cross-
ing in 144Eu(B), 145Gd(B), and 146Gd(A).

Nucleus~band! D i (\) J 0
(2) (\2 MeV21) Jmax

(2) (\2 MeV21) \v int ~MeV! V int ~keV!

144Eu(B) >4.4 62 155 0.69 >130
145Gd(B) 2.2 69 93 0.67 67
146Gd(A) 1.3 72 85 0.64 38
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Vint5
1

4
D i 2

Jmax
~2!

J 0
~2!~Jmax

~2! 2J 0
~2!!

~1!

which is derived under the assumption that the cross
bands interact a fixed spin@23#, rather than at a fixed rota
tional frequency@24–26#. The quantitiesD i , Jmax

(2) andJ 0
(2)

are listed in Table III for the three bands, together with t
interaction strengths calculated from Eq.~1!.

It can be seen from Table III that the interaction streng
derived from Eq.~1! display the opposite trend than th
inferred from inspection of the aligned spin. That is, t
interaction strength increases from144Eu(B) to 145Gd(B) to
146Gd(A). Indeed, the interaction strength for144Eu(B) is
about a factor of 2 larger than in145Gd(B), and over a factor
of 3 larger than in146Gd(A). This disagreement probabl
reflects that the assumptions made in the derivation of
~1! are not justified, particularly those concerning the co
stancy and equality ofJ 0

(2) for the two interacting bands. I
is interesting to note, however, that the calculations of@23#
predict that the interaction strength increases as the defo
tion decreases, in agreement with the results obtained
Eq. ~1!.

V. CONCLUSIONS

Three superdeformed bands have been observed
144Eu. One band is a confirmation of the candidate found
a previous experiment. It is identified as the yrast seque
ad
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which is based on ap61n71 high-Nosc intruder configuration.
Relative to theN580 closed SD shell, it is simply a single
neutron excitation into then71 orbital. The effective align-
ment of this band has been extracted relative to143Eu. Both
the constancy and sudden decrease at low rotational freq
cies of the effective alignment are well reproduced by
Hartree-Fock calculation for then71 orbital.

The other two bands have been interpreted as signa

partners based on thep61n 6̃1 excited configuration, where

6̃ correponds to a mixture of the@651#1/21 and @642#5/21

Nilsson states. One of the bands undergoes a crossin
\v.0.69 MeV, similar to that seen in the yrast SD band
146Gd and in the first excited SD band of145Gd. It is there-
fore identified as thea5–1/2 signature component. Align
ment plots for the three bands suggest that the interac
strength of the crossing is weakest in144Eu, whereas the
opposite is true if the interaction strength is extracted wit
standard band-mixing formula.

ACKNOWLEDGMENTS

This work was supported by the Natural Sciences a
Engineering Research Council of Canada and AECL R
search. We thank the crew at the 88’’ cyclotron for supplyi
the beam and P. Dmytrenko for making the target. The C
and TRS codes were kindly made available to us by Dr.
A. Wyss. We also thank Dr. J. Dobaczewski and Dr.
Dudek for the use of the Hartree-Fock codes.
R.

L.
A.
J.
. C

C.
s,
.
. C

-

ys
@1# B. Haas, V. P. Janzen, D. Ward, H. R. Andrews, D. C. R
ford, D. Prévost, J. Kuehner, A. Omar, J. C. Waddington, T.
Drake, A. Galindo-Uribarri, G. Zwartz, S. Flibotte, P. Tara
and I. Ragnarsson, Nucl. Phys.A561, 251 ~1993!.

@2# G. Hackman, S. M. Mullins, J. A. Kuehner, D. Pre´vost, J. C.
Waddington, A. Galindo-Uribarri, V. P. Janzen, D. C. Ra
ford, N. Schmeing, and D. Ward, Phys. Rev. C47, 433~1993!.

@3# S. M. Mullins, R. A. Wyss, P. Fallon, T. Byrski, D. Curien, S
A. Forbes, Y -J. He, M. S. Metcalfe, P. J. Nolan, E. S. Paul,
J. Poynter, P. H. Regan, and R. Wadsworth, Phys. Rev. L
66, 1677~1991!.
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