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Collective Dipole Motion in Highly Excited 272Hs (Z = 108) Nuclei
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The heavy nucleuggHs (Z = 108) and its evaporation daughters were produced using the reaction
Z2Th(*Ar, yxn) with beam energies 10.5 and 15.0 MgV The giant dipole resonance radiation
from the hot composite system prior to fission has been isolated using a differential method. The
prefission component shows a strong dipole angular distribution relative to the spin direction.

PACS numbers: 24.30.Cz, 25.70.Gh, 25.70.Jj, 27.90.+b

Studies of they radiation from the giant dipole reso- Fig. 1 in a schematic fashion. Compound nucle?GHs
nance (GDR) built on excited states in atomic nuclei of-(Z = 108) are produced at two different initial excitation
fer insight into nuclear behavior under extreme conditionenergies; andE,. A difference spectrum is created from
with respect to temperature, angular momentum, and nuhe totaly spectra measured in coincidence with fission at
cleon number [1]. Such investigations have shown thathe two beam energies. Fission is assumed to be important
the main properties of the GDR are unaffected by temperasnly after cooling of the intermediate system to some lower
ture T, that collective motion persists up to excitation en-excitation energy,. If E; > E, > Ey, the contributions
ergiesE* ~ 300 MeV (in A ~ 110 nuclei), and that the from the v decay of the fragments are common to both
decay in this energy range can be well described as stalecay chains (scenario 1), and the difference spectrum will
tistical. Above thisE* a saturation of the GDR strength contain only the prefissiop rays emitted betweehs; and
sets in [1]. Recent research has shown that fission is B,. If fission competes withy emission at the lower or
far slower process than predicted by the standard statistboth initial excitation energiesty > E; > E, or E; >
cal model [2,3]. Thus, in heavy nuclgi ~ 200-250) the
prefission GDRy-ray emission competes with the fission
process. E,

A main problem in the analysis of measured GpRay Yg A 108
spectra from fissile systems is that the photons from the de- 102
cay of the GDR can be emitted both from the hot compound 100
nucleus before fission and from the excited fragments af-
ter fission [2,3]. Since the resonance energy scales as n E,
Egpr = 79A~'/3 MeV, the corresponding GDR frequen- YE 2% &
cies will be located 3—4 MeV apart. This is insufficient E¢ E; Stoe| ——
to separate the two contributions experimentally, since oo
typical GDR widths in hot nuclei are of the order of 6— A2 100
10 MeV. It is nevertheless possible to analyze the entire Y Y
vy-ray spectrum with the aid of statistical model calcula-
tions incorporating the decay of both the primary system (" n
and the fragments [2]. n n

In this Letter, an alternative approach has been used: 0 & 10 15
The energy differential method [4] has been employed to l l E» [MeV]

gg?:{ thgie?rllestdecayste]f) S (t):;the flllea\t/_y'?ystegn, ;JStI)nI% ﬂ&?G. 1. Left: schematic illustration of the differential method
radiation as a probe for the collectivity and stabili y(GDR structures are exaggerated for clarity). Right: the three

of the excited’?Hs (Z = 108) nucleus and its evaporation gifferent scenarios for the difference-ray yield as described
daughters af’ = 2.5-3 MeV. The idea is illustrated in in the text.
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E| > E»), the postfission contributions will not cancel in 1077,
the difference spectrum (scenarios 2 and 3). 3 N +15.0 MeV/A

The hot}}3Hs (Z = 108) nuclei were produced using P A +10.5 MeV/A
“0Ar beams at energies 10.5 and 15.0 MéVfrom the = g n » Difference
SARA Cyclotron at the ISN in Grenoble, impinging on 2.0
self-supporting?®?Th targets £1 mg/cn? thick). In an 0
earlier test experiment, we also studied this reaction at S 0L
beam energies of 6.8 and 10.5 M&V[5,6]. The ex- Li
perimental arrangement for measuring high-energays 3\ 0L
(E, ~ 5-30 MeV) consisted of the eight large Bale- % E
tectors of the HECTOR Collaboration, placed in a plane 10 leerlds
perpendicular to the beam axis, 35 cm from the target. [ Difference 0lI=0
Four large area position sensitive parallel plate avalanche 0.5F*10.5Mev/aA 0.2 ++ b=t
counters were used for detecting the fission fragments. An § 0.1 t cj} +
array of seven small Baferystals, located close to the tar- 0.4 +¢¢ +
get and registering low-energy rays, served as a trigger 2 035 0.0
for time-of-flight measurements. R .

By gating on pairs of mass-symmetric fragments, com- 0.2F N
plete fusion or quasifission events [7] were selected. Sym- E y Rl
metric fission was found to dominate completely in the 0.1
chosen geometry. This agrees with reaction systematics i ¢|Iﬂ *‘ L

[7,8], which shows the fraction of mass-equilibrated fission 5 75 1012.51517.52022.5
to increase with beam energy. The coincidenspectra Gamma—energy [MeV]
for the two beam energies, bremsstrahlung subtracted and

; i i~ ficFIG. 2. (a) Total measured spectra in coincidence with
gi(z)rrr]n:\llléﬁ:is t(;rtgzizglrgjeguiwlgieé 02f singles symmetric fISsymmetric fission for the 15.0 and 10.5 M@/ reactions (filled

3 . . and open triangles, respectively), and their difference spectrum
Maximum angular momentay andlqr associated with  (filled circles). The curves depict theoretical GDR energy
complete fusion and quasifission have been estimated asstributions for various deformations (see text). (b) Difference
described in [8]. Forthe 15.0 MeM reaction E* isabout  spectrum (filled circles) and theoretical estimates (curves),
371 MeV, Icn =~ 122/, and Igr =~ 2174, while for the all divided by the 10.5 MeYA spectrum. Inset: Difference

. * spectrum decomposed inth/ = 0 (open circles) andAl =
10.5 MeV/A reaction,E” =~ 218 Me\(, len = 95H, and ipl (filled circles)p components ba(ser():l on angu)lar distribution
lor =~ 172h. Forthe 6.8 MeYAreactionE* =~ 92 MeV,  results (see Fig. 3).
lcn = 491, and lgr = 105/. In the case of complete
fusion, a fully thermalized compound nucleus is formed.
Quasifission creates a mononucleus usually assumed poedicted for the composite systeigpr(A = 272) =
be equilibrated in all degrees of freedom except shapel2.2 MeV]. The data are compared with approximations
Hence, it will have approximately the same temperaturdo the expected GDR distributions for an oblate nu-
as the compound nucleus at the same deformation [2fleus with deformationg = 0.19 (solid curve), and
Even in the case of nonequilibration of shape, the muclprolate nuclei with8 = 0.19 and 0.38 (short-dashed and
shorter time needed for energy equilibration should implylong-dashed curves). The calculations were made using
the presence of the GDR mode. double Lorentzians of width¥; = 5.5(E;/12.2)'® MeV
Pileup between high-energyrays and postfission neu- (i = 1,2 for the two axes), multiplied by exp-E,/T)
trons was found to be significant in the particular geomewith T = 2.2 MeV. The GDR component energies were
try of this experiment. Because of focusing of neutrons inE; = 11.5 MeV, E, = 13.6 MeV (oblate, 8 = 0.19),
the direction of the fast moving fragments, neutron pileupt; = 10.9 MeV, E, = 12.8 MeV (prolate, 8 = 0.19),
is important for spectra measured parallel to the fissiomndE; = 9.8 MeV, E, = 13.4 MeV (prolate,8 = 0.38).
axis (90 to the spin direction) [6,9]. The-ray spectra The relative yield of prefissior rays, calculated as the
can be accurately corrected using the experimental neuatio of the difference spectrum and the 10.5 Mé&uotal
tron energy spectra measured at different angles combinegbectrum, is shown in Fig. 2(b). The curves depict the
with an iterative unfolding algorithm [6,10]. The rapidly respective calculations treated in a similar manner.
converging unfolding routine was satisfactorily checked The observed energy distribution agrees with expecta-
against an efficient hardware pileup rejection in a subsetions for the GDR inA = 270 nuclei, based on extrapo-
quent experiment [6]. lated ground state values. Strongly deformed= 135
The difference between the two total spectra in fragments(8 = 0.4) might produce a low-energy com-
coincidence with fission, displayed in Fig. 2(a), shows aponent att, =~ 12 MeV, but the fact that no correspond-
well-defined component in the range of the GDR energyng high-energy component arouiy =~ 17 MeV is seen
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excludes this interpretation. The only way to obtain sucha fissile system account approximately for the angular
an excess concentrated aroufig =~ 12 MeV is through  distribution, but are not consistent with the observed
GDR vy-ray emission from the heavy system. spectrum shape.

The y-ray-fission angular distribution for the difference At the temperatures involved here, the distinction be-
data, measured relative to the total angular momentum vetween the early decay steps of the compound nucleus and
tor (assumed perpendicular to the fission axis), is showthe mononucleus may no longer be very sharp. The large
in Fig. 3 (see caption for details). The unfolding proce-two-body dissipation predicted at highand A [15] may
dure produces only minor changes in the distribution, supallow the system to spend a relatively long time at small
porting our interpretation of the difference as due/toay  deformations.
emission from the conglomerate system, for which pileup In the absence of shape equilibration, thermal shape
effects should be negligible. fluctuations are expected to be reduced. This is consis-

The anisotropy of the difference spectrum shows a crosgent with the small widths extracted for vibrational compo-
ing point atE, =~ 12 MeV, as expected for the heavy nu- nents. In lighter nuclei, the GDR widths have been found
cleus. The ratioW(0°)/W(90°) indicates a collectively to saturate around’ = 10-13 MeV = (2-2.5)I'r—, for
rotating prolate or a noncollectively rotating oblate sys-E*/A = 1 MeV [1], corresponding to a width of" =
tem. In Fig. 3(b), the data are compared with calculation8—-10 MeV in this system. If this interpretation is correct,
based on simple two-component Lorentzians, assuming ahwould be the first time a decrease in GDR width due to
oblate nucleus with3 = 0.19 (solid curve), and prolate reduced shape fluctuations is observed in a hot nucleus.
nuclei with 8 = 0.19 and 0.38 (short-dashed and long- At E, > 15 MeV, where GDRYy rays from the frag-
dashed curves) and widths as in Fig. 2. Because of theents are expected, the difference spectrum shows no sig-
rapid rotation of the system, orientation fluctuations havenificant intensity. This suggests that the onset of fission
been neglected, in accordance with the results of [11,12pccurs after the nucleus has cooled down belowEhef
Estimates taking th& distribution into account, using the the reaction of lower energh; < E»).
formalism of [13], confirm the validity of this approxi-  The strengths of prefission and postfission contributions
mation, even when excluding the highest partial wavegnable us to set limits on the lifetime of the fused system.
(I = 150#4), allowing for anl-dependent lifetime as sug- In Fig. 4 the average emission timg for neutrons, the
gested in [14].

Based on the measured angular distribution, the ex-
perimental strength function has been decomposed into

Al = 0 andAJ = =1 vibrational components, using the F o 10E-19p ;
technique of [11]. The results (see inset of Fig. 2) are con- I ¢ Hii ffff it
sistent with a mixture of shapes with a substantial oblate 1.0E=17F 10E-20r f

contribution. work o) B) <) & e

In order to reproduce both the anisotropy and the I
difference energy spectrum simultaneously, a very heavy 1OE-18 ¢ o
nucleus (A = 270) with a rather compact shapg = o

0.20) and narrow Lorentzian componertls = 5.5 MeV)

Lifetimes of heavy
fissile systems

1\ Refs. (1,5,6) This work
L\ 6.8MeV/A  10.5MeV/A  15.0 MeV/A

0
o
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FIG. 3. Difference angular distributiori& (0°)/W(90°), mea-
sured relative to the spin axis (assumed orthogonal to fissiofIG. 4. Individual neutron decay times (dash-dotted curve)
axis). (a) Angular distributions measured before and after corand total elapsed time as a function &f during decay for the
rection for neutron pileup, depicted by open and filled circles,reactions at 15.0 (solid), 10.5 (dashed), and 6.8 N#e\totted
respectively. (b) Distribution after correction for the differ- curve). A constant neutron binding ener@y, = 5.5 MeV
ences inl,,, of the two reactions, as described in [11]. The has been assumed. Inset: Lifetimes deduced for the reactions
nonoverlapping fractiom of the 15.0 MeVA cross section has “°Ar + 22Th, this work, (ay3Si + 232Th [15], (bg 325 + 208pp
been estimated to 0.37. The solid and dashed curves are thefd6], (c) 22U + Al, 8, >3Cl, “48Ca [8], (d) **Ni + '">Lu,
retical calculations (see text). Y7Au, 28Pp, 238U, and (e)*Ar + 2%8Pb,?3U [17].
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dominant decay mode for the heated nucleus, is plotted aghe difference spectrum agrees well with the energy

a function ofE*, using a level density parameter= A/8  distribution expected for the prefission component.y A

(results obtained witlh = A/12 are given in parentheses ray-fission angular distribution consistent with a compact

in the following). Also shown is the total elapsed time shape and small thermal fluctuations has been measured.

since the start of the cascade, give}as’ (with 7/ being  The observed energy spectrum combined with the angular

the lifetime for theith evaporation step), which is a good distribution demonstrate unambiguously that the collective

approximation to the actual lifetime of the heavy system. dipole vibration exists in the highly excited heavy nucleus.
The duration of the fission process must at least be equal Financial support from NFR (the Norwegian Research

to the time needed to decay froBi = 371 to 218 MeV, Council), NorFa, the Danish Natural Science Research

~12 X 10729 5 (5 X 1072 5), since no fragment decay Council, the Italian Istituto Nazionale di Fisica Nucleare,

is observed in the difference spectrum. An approximatend the Polish State Committee for Scientific Research

average lifetime and an upper limit can be obtained from(KBN Grant No. 2 PO3B 137 09) is gratefully acknowl-

the fact that the high-energy parts of the tojalspec- edged.

tra from the 10.5 and 6.8 MelA reactions are well fit-

ted by fission fragmentASCADE calculations, using fixed
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