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SEARCH FOR THE JACOBI INSTABILITYIN RAPIDLY ROTATING 46Ti� NUCLEI�A. Maj, M. Kmie
ik, W. Królas, J. Sty
ze«The Henryk Niewodni
za«ski Institute of Nu
lear Physi
s, Kraków, PolandA. Bra

o, F. Camera, B. MillionMilano University and INFN, Milano, ItalyJ.J. Gaardhøje, B. HerskindThe Niels Bohr Institute, Copenhagen, DenmarkM. Ki
i«ska-Habior, J. Kowna
kiWarsaw University, Warsaw, Polandand W.E. OrmandLawren
e Livermore National Laboratory, Livermore, USA(Re
eived April 24, 2001)The possible existen
e of Ja
obi shape transition in hot 46Ti at highangular momenta was investigated with the Giant Dipole Resonan
e ex-
lusive experiments. The GDR spe
tra and the angular distributions are
onsistent with predi
tions of the thermal shape �u
tuation model indi
at-ing elongated nu
lear shapes.PACS numbers: 21.10.Re, 24.30.Cz, 25.70.Gh1. Introdu
tionRapidly rotating nu
lei may exhibit an abrupt 
hange of equilibriumshape from an oblate non-
olle
tively rotating ellipsoid to a triaxial orprolate rotating body. This phenomenon was suggested by Beringer andKnox [1℄ already 40 years ago, and formulated in semi-
lassi
al models by�wi¡te
ki and 
ollaborators [2�4℄. The suggestion was based on a �ndingdone by C.G.J. Ja
obi in 1834, that a stable equilibrium shape of gravitating� Presented at the High Spin Physi
s 2001 NATO Advan
ed Resear
h Workshop, ded-i
ated to the memory of Zdzisªaw Szyma«ski, Warsaw, Poland, February 6�10, 2001.(2433)



2434 A. Maj et al.mass rotating syn
hronously, 
hanges abruptly at a 
ertain angular momen-tum, from a slightly oblate spheroid to a triaxial ellipsoid rotating aroundits shortest axis. This phenomenon may be observed in light- and medium-mass nu
lei, where the 
riti
al angular momentum for Ja
obi transitions iswell below the 
riti
al angular momentum for �ssion. For example in 46Ti,a

ording to formulae in [4℄, the Ja
obi transition should appear at 29 ~,whereas the angular momentum at whi
h the �ssion barrier vanishes is 40 ~.In the experiment, the Ja
obi shapes of nu
lei should manifest themselvesin alteration of the observables in whi
h the moment of inertia is involved.In the 
old rapidly rotating nu
lei, one should observe a giant ba
kbend ofthe quadrupole transition energies [4, 5℄. In hot nu
lei, su
h very deformedshapes should be seen in the spe
tra of high-energy 
-rays from the de
ayof Giant Dipole Resonan
e (GDR), sin
e the GDR strength fun
tion splitsitself for deformed nu
lei, and the splitting is proportional to the size of thequadrupole deformation. The signature for Ja
obi shapes in 46Ti would bea pronoun
ed high energy bump at E
 = 25 MeV in the strength fun
tion ofthe Giant Dipole Resonan
e (GDR) together with a rather large anisotropyof the 
-rays deex
iting the GDR.The �rst experimental indi
ation for the Ja
obi transition was obtainedby the Seattle group [6℄ for 45S
 
ompound nu
lei. In the GDR absorp-tion 
ross-se
tion from the in
lusive experiment a �shoulder� at 25 MeV wasfound and attributed to a large e�e
tive prolate deformation. However, thesimultaneously measured angular distributions did not show the expe
tedbehaviour. 2. Experimental resultsTo sear
h for the Ja
obi transition e�e
ts in ex
lusive experiments, wehave studied the GDR de
ay from the hot 46Ti nu
leus populated in the18O+28Si rea
tion at 98 MeV, using the a

elerator fa
ility of the NielsBohr Institute at Risø (Denmark). The 
ompound 46Ti nu
leus, was pro-du
ed with the ex
itation energy of 81 MeV, and an angular momentumdistribution with lmax � 32~. The high-energy 
-rays were dete
ted in theHECTOR array [7℄ as a fun
tion of the 
-fold measured in the multipli
ity�lter HELENA [8℄. Fig. 1 shows the experimental spe
tra for four regionsof the 
-fold: 2�3, 4�5, 6�8 and 9�11. The upper row displays the mea-sured spe
tra on the logarithmi
 s
ale, and the results of a statisti
al model�t. The 
al
ulations assume that the GDR strength fun
tion is of doubleLorentzian type. To examine the details of the GDR strength fun
tion, theexperimental spe
tra are 
onverted into our best estimate of the photon ab-sorption 
ross-se
tion, and shown in a linear s
ale in the middle row of Fig. 1.This GDR 
ross-se
tion is represented by the expression F2L*Yexp=Y�t. In
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Fig. 1. Results of measurements of the GDR 
-de
ay in 46Ti�. Upper row: experi-mental spe
tra (on a logarithmi
 s
ale) for four regions of 
-fold (points) and resultsof the CASCADE 
ode �ts (lines). Middle row: the photo-absorption 
ross-se
tiondetermined from the �ts (solid lines) together with the two Lorentzian 
omponents(dashed lines); the photo-absorption 
ross-se
tion was extra
ted from the mea-sured spe
tra (points). Bottom row: experimental spe
tra of the A2-
oe�
ient ofthe angular distributions.this expression, Yexp is the experimental spe
trum and Y�t is the 
al
ulatedspe
trum assuming that the GDR de
ay 
an be represented by the doubleLorentzian fun
tion F2L; the latter being the best �t to the experimentalspe
trum. For the data gated by the highest folds, one 
an note a shoulderat E
 � 24 MeV, similar to that seen in the 45S
 nu
leus [6℄. The quadrupoledeformation parameter evaluated from the �tted 
entroids of the two GDR
omponents is � � 0:4, 
onsistent with the elongated Ja
obi shapes. TheA2-
oe�
ient spe
tra, as extra
ted from the angular distribution data, aredisplayed in the bottom row of Fig. 1. For the low folds (<9), the data arenegative in both regions of the low and high energy GDR 
omponents, show-ing a similar pe
uliar behaviour observed for 45S
 [6℄. In 
ontrast, for thehighest fold window (9�11), the behaviour of the A2-
oe�
ient 
hanges andfollows the expe
tations, i.e. being negative for the low energy 
omponentand positive for the high one. This 
an be explained, noting that the highestfold window 
orresponds to the relatively narrow angular momentum win-dow of 
ompound nu
leus 29�4 ~, where the Ja
obi transition is expe
ted to



2436 A. Maj et al.happen. The average temperature sensed by the GDR in this angular mo-mentum window is about 1.3 MeV. The lower folds, due to 
harged parti
leemission, 
orrespond to almost the full angular momentum distribution ofthe 
ompound nu
leus [9℄, and are not sensitive to the angular momentume�e
ts. It is interesting to noti
e a sharp peak around 12 MeV (observedalso in [6℄), being strong at low folds and vanishing with in
rease of the foldwindow. Most probably it is related to the 18O proje
tile break-up. Su
hevents will appear at rather low 
-multipli
ities and are �ltered out at higherfold windows. 3. InterpretationOne 
an make simple estimates of the e�e
tive shape probed by the giantdipole os
illation by 
omparing the measured strength fun
tions and A2-spe
tra with the 
al
ulations at the �xed deformation parameter � = 0:4,as obtained from the statisti
al model �t, and for 3 di�erent non-axialityparameters 
: 0Æ (prolate 
olle
tive rotation), �60Æ (oblate non-
olle
tiverotation), and �30Æ (triaxial shape, rotating about shortest axis).
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Fig. 2. Left panels: Experimental 
ross-se
tion (top) and A2-spe
tra (bottom) forthe highest fold window together with simple 
al
ulations assuming the same de-formation parameter �, but three di�erent non-axiality parameters. Right panels:The experimental data 
ompared to results from the thermal shape �u
tuationsmodel based on free energy 
al
ulations shown in Fig. 3.
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lei 2437Those simple 
al
ulations, whi
h may be interpreted as possible e�e
tiveshapes, are displayed in Fig. 2 (left panels) in 
omparison with the experi-mental quantities, i.e. the GDR absorption 
ross-se
tion and the A2-values.As 
an be seen, the triaxial e�e
tive shape �ts the best to the experimentaldata. One 
an then argue, that 46Ti nu
lei have an e�e
tive deformationwith ��0.4 and the triaxial shape with 
 � �30Æ, 
orresponding to the ratioof major axes 1.6:1.25:1. Su
h shapes are expe
ted for nu
lei undergoing theJa
obi shape transition.
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Fig. 3. Free energy F (x; y) 
al
ulations for 46Ti at temperature T = 1 MeV androtational frequen
ies ! = 2:2, 2.4, 2.6, 2.8 MeV (x = �
os
, y = �sin
). Themain lo
al minima are indi
ated with 
rosses.One knows, however, that nu
lei do not possess a given stable shapeat elevated temperatures, but rather have to be 
onsidered as a �u
tuatingshape ensemble [10, 11℄, des
ribed by the free energy 
ontours F (�; 
). Anu
leus having the temperature T may posses a given shape parametrizedby � and 
 with a probability proportional to the Boltzmann fa
tor P (�; 
)= exp(�F (�; 
)=T ). A

ording to the thermal shape �u
tuation model,ea
h of these shapes 
ontributes to the measured quantities with a weightgiven by the Boltzmann fa
tor. The 
al
ulated 
ontours of the free energyF (x; y) for 46Ti, where x = �
os
 and y = �sin
, are shown if Fig. 3. Theywere made using the formalism of the standard Nilsson�Strutinski pro
edureextended to �nite temperatures [11, 12℄. The 
al
ulations were performedfor T = 1 MeV for four values of the rotational frequen
y ! = 2:2, 2.4,2.6 and 2.8 MeV, 
orresponding to I = 23, 25, 28 and 30 ~, respe
tively.For rotational frequen
ies lower than ! = 2:5 MeV the free energy surfa
ehas an almost spheri
al minimum. For ! = 2:6 MeV (�28~) two additional



2438 A. Maj et al.minima appear, one whi
h is oblate with � = 0:45, and the other, almostprolate, with � = 1:2. The latter minimum disappears, when the rotationalfrequen
y in
reases. Therefore, this minimum is probably related with theJa
obi shape. The Boltzmann fa
tor distribution for the free energy at! = 2:6 MeV was used for the thermal shape 
al
ulations (see e.g. [7℄) ofthe GDR 
ross-se
tion and A2-spe
tra. The results are plotted as solid linesin the right panels of Fig. 2, and 
ompared with the experimental results.One 
an see a good agreement for the 
ross-se
tion, while the A2-distributionwould rather prefer more triaxial shapes. To demonstrate the in�uen
e ofthe Ja
obi shape (the very deformed prolate minimum in the free energylands
ape), we plot also the thermal shape 
al
ulations for ! = 2:2 MeV(dashed lines), where no Ja
obi shapes are present. One 
an see that onlywhen large deformations are involved, one 
an des
ribe the experimental
ross-se
tion, thus supporting the indi
ation of Ja
obi transition present inhot and rapidly rotating 46Ti. 4. SummaryThe sear
h for Ja
obi shapes in rapidly rotating 46Ti� nu
lei, based onhigh-energy 
-spe
tra from the de
ay of the GDR indi
ate, indeed, the pres-en
e of su
h a phenomenon. The measured quantities, su
h as the GDR
ross-se
tion and A2-spe
tra, 
an be explained by the thermal shape �u
tu-ation model based on free energy 
al
ulations in whi
h the Ja
obi transitionappears at ! = 2:6 MeV. It would be worthwhile to extend this to thelow energy region of dis
rete transitions, and look for the predi
ted giantba
kbend in 46Ti spe
i�
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