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Superdeformed band in *>®Dy: Where does the “island” of superdeformation end?
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A superdeformed band of 15 transitions has been found in'tf@y nucleus. The measurement was
performed with a backed target and the large deformation was inferred from the measured Doppler shifts. The
new band displays an intensity pattern much different from typical superdeformed bands in this mass region.
The dynamic moment of inertia is essentially identical to that of band *¥*Dy and is somewhat larger than
those of the yrast superdeformed bands'¥'>Dy, suggesting that the associated configuration has an
additionalN=7, j s, intruder orbital occupied with respect to th&Dy core.[S0556-281®6)50512-1

PACS numbss): 21.10.Re, 21.10.Tg, 23.20.Lv, 27.7(

The recent discovery of a superdeform@D) band in  The decayy rays were detected with the Gammasphere spec-
154Dy [1] has been viewed as somewhat of a surprise as norteometer[7], which consisted at that time of 67 Compton-
of the cranked mean-field calculations, which have been seuppressed Ge detectors. A total of X610° events was
successful in predicting the existence of the island of SDcollected where five or more suppressed Ge detectors were
nuclei near '®Dy [2-5], had suggested that a SD band required to fire in prompt coincidence. The data were ana-
would be observed in®Dy. In these calculations the SD lyzed by sorting all events into a three-dimensional histo-
minimum is less pronounced than in, e.&f?Dy and, more  9ram. The initial sort was performed assuming thatyatays
importantly, the minimum is not predicted to be yrast or nea/2'® €mitted with the full Doppler shift corresponding to the
yrast at spind <654 where the known SD bands of this velocity of the compound nucleus at the center of the target

region are thought to be populated. Thus, the observation é o = 0.0227, as is appropriate for transitions associated

the ®¥Dy SD band raises issues about the limits of the regioﬁ’\”th the deexcitation of a SD band. Double-gated one-

of superdeformation centered around the doubly magic S[Sllmensmnal histograms were created using full background

15 . . Subtraction and proper propagation of errf8%
nucleus™*Dy and/or about the feeding mechanism of the SD A systematic search through the coincidence cube uncov-

: . Bred two weak bandésee Fig. 1 one corresponds to the
periment was performed to study the nuclet¥Dy. This 154Dy SD band reported by Nisiuat al. [1] while the other

measurement was also motivated by recent calculafiBhs s new to this work. Its assignment to a particular nucleus is
suggesting the presence at the highest spins of collective egpmplicated by the fact that transitions in a SD band are
citations having moments of inertie 10—15% larger than emijtted with approximately the full Doppler shift, while the
that of SD nuclei around®?Dy and corresponding to shapes majority of transitions between normal deformed states are
with a somewhat larger elongation. emitted from a nucleus at rest. Thus, the yrast transitions that
Here we report on the discovery of a weak SD band inwould normally identify the nucleus to which a band belongs
15Dy, The experiment was performed with a backed targetdo not appear as sharp peaks in a spectrum where all ener-
and the measured Doppler shifts confirm that the associategles have been corrected for the full Doppler shift. For this
deformation is indeed very large. This result can be viewedeason, another three-dimensional histogram was created
as an indication that the shell effects remain strong as onsuch that the full Doppler shift correction was applied only
moves three neutrons away from thie=86 SD shell gap. to y rays with energies larger than 900 ké\é., the spectral
Furthermore, from a comparison of the dynamic moment ofegion including the new bandwhile no Doppler shift cor-
inertia 3 with those of the neighboring nuclei, a configu- rection was used foy rays below this energy. The coinci-
ration can be proposed. Finally, the intensity profile in thedence relationships from this new cube revealed that the
SD band and the absolute intensity with which the band isand can be firmly assigned t3°Dy. For example, spectra
fed suggest that it is located at higher excitation energy thanesulting from the sum of double coincidence gates including
in lighter Dy isotopes. one transition from the yrast band #i°Dy [9] and one tran-
States in'>®Dy were populated via thé*’SnS,5) re-  sition from the new band produce a spectrum analogous to
action with a 175 MeV beam from the Lawrence Berkeleythat of Fig. 1. In contrast, similar sum spectra with one of the
Laboratory 88 in. Cyclotron. The target consisted of a 1gates placed on yrast transitions in eithéfDy or Dy
mg/cn? 12%Sn layer evaporated on 15 mg/érof Au, with a  (from the two competing reaction channels present in the
thin 50 uwg/cm? buffer layer of Al between the Sn and Au to data did not show evidence for this new sequence/afiys.
prevent the migration of the Sn material into the Au stopperThe new band is therefore assigned to teéDy nucleus,
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FIG. 1. Sum of double-gated coincidence spectra showing the
two SD bands observed in this work. A full Doppler shift correction
has been applied to the ddtsee text for details The upper panel
shows the SD band of*“Dy, with transitions labeled by the ener-
gies of Ref.[1]. The lower panel shows the new SD band of
15%Dy. The transitions and the associated errors are given in keV.

TRANSITION ENERGY (keV)

FIG. 2. Values of the fraction of full Doppler shiff(7), ob-
tained for the SD bands if*Dy (upper panéland *Dy (lower
pane). The dashed curves represent the spread in full shift due to
the slowing down of the beam across the target. The solid curves
represent the best fit to the data, with the resul@gmoments
with an intensity that was measured to €0.5% of the indicated in each panel.
total y-ray flux feeding the®Dy ground state. Unfortu-
nate|y, unlike in 154Dy [1], the small intensity of the new sented in Flg 2 for both bands together with calculated
band combined with the fragmented nature of the yrast angurves corresponding to the best values obtained for the
near-yrast band structure 8Dy made it impossible to de- guadrupole momen€Q,. The calculations were performed
lineate the decay profile of the band into the yrast states. With the codeFITFTAU which is described fully in Refs.

This new band displays many of the characteristics of11,12. The average recoil velocity at which the decay from
known SD bands in théd~150 region: i.e.,(1) A long, a particular SD state occurs is calculated under the following
regular sequence of 15 transitions in coincidence with on@ssumptionstl) TheQ, values are postulated to be the same
another(see Fig. 1; (2) energy spacings between transitions for all SD _Ievels Within a bandR) the sidefeegling into each
in the band (-48 keV) very similar to those of known SD SD state is approximated by a single rotational cascade of
bands in theA~ 150 region[10]; and (3) an in-bandy-ray five transitions, having the same dynamic moment of inertia
intensity that increases with decreasing transition energy uni’>’ as the main band, controlled by a sidefeeding quadru-
til a constant value is reached before a sudden decay o@ole momentQg which is assumed to remain the same
occurs over 1—2 transitions at the lowest energies. Beyonthroughout an entire SD barithis description of the side-
these familiar characteristics in the intensity pattern, therdeeding is one of the most commonly used in this type of
are also marked differencéise., the “plateau” in the inten- analysif11-13). The detailed slowing down histories in the
sity pattern and the decay out both occur at higher frequertarget, in the Al buffer and in the Au backing were calculated
cies than in the other SD bangdghese will be discussed With the 1995 version of the coderiv by Ziegler [14],
below. which uses the most recent and complete evaluation of ex-

Confirmation of the large deformation associated with theiSting stopping-power data. From Fig. 2, it is clear that the
new band was derived from a lifetime analyéBSAM). As ~ >'Dy band is associated with a large quadrupole moment
pointed out above, Fig. 1 was obtained after a correction fofQo=15.9+37 eb, 10< Qg <30 eb), even though the errors
full Doppler shift and all they rays in the figure are clearly on theF(7) values are large. Thus, the present data confirm
emitted before substantial slowing down in the Au stoppeithe occurrence of superdeformationitfDy as proposed in
took place, indicating lifetimes much shorter than the stopRef.[1]. In the case of the band if"Dy, a fit to the mea-
ping time (~ 3 ps. In another analysis, the data were sortedsuredF(7) values yields a valu€,= 17.9+ 33 eb, with the
according to the detector angles and the customary fractiorsame large uncertainties @ as in the *>Dy case. This
of full Doppler shift F(7) were measured. These are pre-Q, value is consistent with &, deformation close to 0.6. In
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TABLE I. Comparison of theQ, values extracted from this

experiment with those from Refgl1,13. As stated in the text, the 951~ 7]
values quoted here have all been obtained under similar experimen- — —152Dy Band 1
tal conditions and, hence, can be compared without suffering from —153Dy Band 1
the usual~15% systematic uncertainty associated with the stop-
ping powers.
exp 90 -
Nucleus Qo Intruder conf. Reference <
[}
1slpy 16.9(=39 w6471 [11] =
R
17.50.2 [13] @m
152Dy w6472 85l N
17.5(+24% [11]
154py 15.9(= 39 w672 This work
15py 17.9(=39 w6473 This work
80 I L L I ! i

. o - 0.3 0.4 0.5 0.6 0.7 0.8
this case, the accuracy is limited not only by the statistical Chap (Mev)

accuracy of the=(7) values, but also by the fact that the
decay out of the SD band occurs at a rather high frequency. FIG. 3. Dynamic moments of inertia?, as a function of av-
This has the unfortunate consequence thatRbe) values erage rotational frequenchw for the yrast SD bands ift®Dy
remain close to unity throughout the entire cascade, i.e., urf16,17, >0y [18,19, ***Dy [1], and ***Dy. The striking similar-
like in other SD nuclei of this mass region, they never reaclity of the 3% moments in both the odé-pair and the ever pair
values between 0.5 and 0.8 where the sensitivity toQge ©f nuclei is obvious. The associated configurations are discussed in
value is the largest. While @, determination comparable in the text.
accuracy to those made recently in other SD nud4i13
of the region is impossible, the SD character of the new bandmall change in3, deformation is postulated to occur, i.e.,
is, nevertheless, established beyond any doubt. Furthermorgg,(5Dy) ~ 0.57] < [ B,(**®Dy) ~ 0.6], where the differ-
as the experimental conditiortsecoil velocity of the resi- ence reflects the shape driving effects of the additional in-
dues and stopping materiare essentially the same as thosetruder orbital. Unfortunately, the accuracy in tg deter-
in Refs.[11,13, the Q, values presented here can be com-minations reported here is not sufficient to verify this point.
pared directly with those reported for the isotogés&**Dy As mentioned above, mean-field calculations of Refs.
without invoking a~15% uncertainty associated with the [2—-5] do not predict the SD minimum if°°Dy to come near
knowledge of the stopping powers. Such a comparison ighe yrast line in the spin range reached in the present reac-
given in Table I. tion. However, it is worthwhile to revisit this issue using the
The dynamic moment of inertia® for the new SD band latest cranked Strutinsky calculations of Chasmiéh The
is presented as a function of the average rotational frequengtter indicate that in**Dy a SD bandwith a 3® moment
fiw in Fig. 3. The same figure also provides a comparison- 4% larger than that of thé>Dy band, in excellent agree-
with the 3 values of the yrast SD bands 125Dy [16—  ment with the average experimental valbecomes yrast at
19] and of the ™™Dy SD band. From the figure, a striking | ~70% relative to a noncollective oblate minimum. This SD
“identicality” can be noted between th#&? moments in the  band also crosses the normally deformed prolate minimum at
odd nuclei on the one hand, and in the even nuclei on theomewhat lower spinl{66#). For comparison, the same
other. Furthermore, tha® moments in the odd nuclei are crossing between SD and normally deformed prolate minima
larger over the entiréd w range than those of the even iso- is calculated to occur dt=62% in ®Dy. Several features of
topes by~4%. These features can be used to propose the present data can be viewed as indications that, if the
configuration for the new SD band. As was first shown by'>*Dy SD band ever becomes yrast or near yrast, it does so at
Bengtssoret al. [15], the behavior of3(?) with respect to higher spin than the corresponding bands in the lighter iso-
fiw is mainly influenced by the number of high-intruder  topes. First, the trend of a reduction of the population inten-
orbitals occupied, and differences in tA€) moments be-  sity (with respect to that seen it*?Dy [16]), which was first
tween SD bands have been used to determine the occupatianted in 1Dy [1], is accentuated iR*Dy: the population is
of specific highN orbitals [10]. Thus, it appears that the of the order of~2% in the light Dy isotope$16,18, drops
configuration associated with th€Dy SD band includes to 0.6% in'*Dy and below 0.5% in*>*Dy. Furthermore, the
the same highN intruder orbitals as'*Dy—band 1, i.e., in comparison of the intensity profiles in th&>%*15py SD
the language of Ref15], a w6473 configuration is pro- bands(see Fig. 4indicates that the sidefeeding into the new
posed, where fouir, 5/, proton and threg¢; s, neutron intruder  SD band ceases at a transition energy~0fl400 keV, i.e.,
orbitals are occupied. It is worth noting that this assignmentnuch higher than in the two lighter nuclei where the 100%
implies that the yrast SD configurations in the two odd-intensity level is reached for transitions energes1200
neutron nuclei involve one moligs, intruder orbital than in  keV. These two observations can be related to the excitation
the respective cores. As pointed out in Rdf], this obser- energy of the SD band in the following way. Calculations
vation is best understoo@t least for the®*>Dy pair) if a  describing the feeding of SD statg20,21 have shown that
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variation of the absolute intensity with mass number, they do
not account for the similarity of the intensity patterns seen at
high transition energies in®Dy and *Dy as Dy is also
calculated to become yrast at higher spin thafy, yet
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b Y is amplified in Dy: the lowest transition to carry more
I L than 50% of the in-band intensity has an energy of 693 keV
[ + \ + in 152Dy, 795 keV in 5Dy, and 952 keV in'*Dy. Such a
} trend would be expected if the excitation energy of the SD
band continued to increase with mass and/or if the height of
the potential barrier separating the SD minimum from the
yrast minimum decreases with increasing mass. The calcula-
' tions of Ref.[6] for the Dy isotopes indicate that bt 40%
200 ' 6(')0 ' 8(')0 ' 10'00 ' 12'00 ' 14'00 ' 16'00 the height of the inner barrier is 2.5, 2.0, 1.5, and 0.7 MeV
TRANSITION ENERGY (keV) respectively when going from= 152 toA= 155, while the
corresponding values for the excitation energy relative to the
FIG. 4. Intensity profiles of the yrast SD bands of Yrast state are 4.0, 4.9, 5.4,_and 6.3 MeV. Cons_ide_ring the
152.154155)y  Note that the sidefeeding into th®Dy SD band Small value of the inner barrier and the high excitation en-
ceases at a transition energy approximately 200 keV higher than f&@rgdy, it remains surprising that the minimum {#"Dy sus-
the 215Dy SD bands. A clear mass dependence is also present fédains a SD band at=40. Clearly, measurements df)
the decay out of the SD bands. ?Qflrg% and spin distributions leading to the SD states in
' nd of (ii) th mpl rum of r n-
these levels are fed only from a subset of entry states in thﬁecﬂngysfell3 in% (“r1)otrrr$al(’:’o stgtgéeinsggﬁ l:mcgi V\iligjki: zllow
residual nucleus located at the highest spins and excitatiof, me of the issues about feeding and decay raised here to be
energies. This reflects the fact that statistical feedofghe addressed in more detail.
SD levels will occur only in the region where the SD level Finally, returning to the calculations of Reff6], it is
Qensity i; high(_ar thar} that of the normal deform_ed states, i.eyorth noting that the SD band iF®Dy was calculated to be
in the high-spin region where the SD band is near yrast;,sseq around @by a rotational band associated with a
Conversely, the statistical decay from the entry states tenq%rger elongation and 4 moment of ~10042 MeV 1
to bypass the SD levels once the latter are located high abo‘@earches for a sequencepfay transitions with the ener.gy
the yrast line as the level density for normal states becomesspacingsAE between 30 and 50 keV performed with the
larger than that for SD levels. In other words, cooling fromCOdeANDbang[ZZ] offer no firm evidence for a band of this
the entry states proceeds more effectively by deexcnatio%haracter
towards the states of smaller deformation in this case. The To surﬁmarize the data above establish the presence of
impact of these considerations on the intensity profile in thesuperdeformation, in thé>Dy nucleus and some aspects of
SD bz_ands s clear: the m-band intensity will grow with (_:ie- data also suggest that the SD band is located at higher exci-
creasingy-ray energy(reflecting the entry states intensity tation energy than in lighter Dy isotopes. It is clearly of
dist_ribution) OU'V unt_il the S.D ban_d is no longer in the yrast interest to extend SD studies 18°Dy. Such étudies are nec-
‘r‘e?a'?gél?:t |Vr\1, r}{ﬁg i?]?é?]ts:the '?;ﬁgszfjgognefhﬁgnitﬁgératrﬂfl 3ssary not only to establish whether the shores of the island
agsumptions that this pi>c/t5re of the feegiﬁg of tr;e SD bandOf superdeformation have finally been reached at neutron
) . . . : isiumberN=89, but also to explore further the possibility that
is valid and that transition energies can be related directly t%ands associated with more elongated shapes might be

. 15 . . . . .
spin, the Dy Intensity pattern |mpl|e_s tha_t the SD band is resent at the highest angular momenta in this heavier Dy
fed from an entry region narrower in spin and located a'sotope

higher angular momentum than in the lighter Dy isotopes.
Whether a higher-energy SD band alone can account for the This work is supported in part by the Department of En-
observations needs to be studied in more detail with a modeirgy, Nuclear Physics Division, under Contracts Nos. W-31-
describing the feeding of SD bands. Indeed, other parameted9-ENG-38(ANL) and DE-FG05-95ER4093MSU), and
such as the height and width of the barrier separating SD any the National Science Foundation and the State of Florida
normal states also affect the intensi0,21]. Furthermore, (FSU). M.A.R. and J.S. acknowledge the receipt of a NATO
while the qualitative arguments given above explain theCollaborative Research Grant.
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