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Quasi-continuum Y-decay studies of Gd have been performed using the 
12QSn(28S1,4n)react1on at 125, 135, 145 and 155 NeV bombarding energies. 

Angular distribution and multiplicity measurements have been done at the above 

energies. At 145 NeV bombarding energy a lifetime measurement has also been 

performed. Although a collective behaviour has been observed, the present data 

do not give evidence for population of superdeformed rotational bands. 

Theoretical interpretation using the cranking model with the Hoods-Saxon field 

1s given. The effects of temperature and pairing on the superdeformed 

configuration are discussed ; superdeformation effects are predicted to 

disappear below I •» 60;-70 V when temperature exceeds * 500 keV. 



1. Introduction 

2 

Nuclei with a few nucléons outside magic shell closures, or similarly, 
With a few holes in the closed shell core, exhibit often shape instabilities. 
Such nuclei are particularly ss-oeptible to shape changes with increasing 
excitation energy, angular momentum or intrinsic thermal excitation 
(temperature). If the number of particles or holes is relatively small the 
nuclear shape only slightly deviates from the spherical one at moderately high 
angular momenta (typically below 30 K for the Rare Earth nuclei with Z = 64, 
N " 82). Theoretical calculations imply that only at I > 30 H collective 
rotation may emerge as the lowest energy excitation mode. 

The existence of possible collective effects has already been reported 
in the behaviour of egDyog at very high spin '. In this nucleus whose yrast 
configurations below 38 M are predominantly of a few-particle few-hole nature, 
collective structures have been experimentally observed in the quasi-contlnuum. 
Theoretical calculations ' ' interpret this as collective rotation in tHaxial 

21 and In superdeformed configurations. The same calculations ' predict that one 
of the best candidate to exhibit the collective tri axial and superdeformed-
axial shape coexistence effects in the discussed mass region is the nucleus 
144 144 
IJGdaQ- Figure 1 illustrates the expected shape evolution for Gd in the 

spin range I = 20 M to I = 70 H at zero nuclear temperature. As it is seen from 
the figure, the onset of the superdeformed-mlnimum configuration corresponds 
already to I* « 30* where a competition between three distinct shape 
configurations Is predicted : the nearly spherical one (yrast), the 
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tri axial ona (Y • 30°, B 2 = 0.2 ) about 1 MeV higher, and the superdeformed 
one (Y * 0°, a, " °- 5' situated about 2 HeV above the yrast. At I « 40 h only 
the collective rotation 1s expected by theory while 1n the I • (40t50) M range 
the superdeforaed «Inlaw becomes yrast. Guided by these expectations we 
perforated an experimental study of the high spin behaviour of * 6d. 

The previous discrete-gamma-spectroscopy studies have established * ' the 
decay scheme 1n Gd up to I « 15 Ji. Using various techniques we were able to 
extend5' this "low-spin" part of the decay scheme up to I « 21H at E* = 8077 
keV. In the present article, however, we focus entirely on the quasi-continuum 
study of the Y-decay from the high spin states. 

2. Experimental method and results 

The Gd nucleus was produced in the fusion-evaporation reaction 
Sn( S1,4n). Anisotropy and multiplicity measurements of the Y-radiation 

have been performed at the bombarding energies 125, 135, 145 and 155 NeV. 
Lifetime measurements were done at 145 HeV Incident energy. This corresponds to 
an excitation energy In the compound nucleus of 80 NeV and a calculated maximum 
angular momentum transfer of about 65 H. The silicon beam was delivered by the 
HP-tandem accelerator at Strasbourg. Except for the lifetime measurement, 1 
mg/cm (99.6 %) Isotoplcally enriched tin targets evaporated onto 0.1 mm lead 

144 foils were used. In all the measurements the residual Gd nucleus was 
selected by means of a double array of six 5 x 5 cm Nal detectors, 
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located at A. 6 cm above and below the target. Any event In order to be 
accepted, had to fulfill two conditions imposed by this time- and 
multiplicity-filter : i) to be in coincidence with at least one delayed Y 
transition of the cascade deexciting the T.,- = 130 ns isomer as an 

144 Identification of the Gd nucleus, and ii) to be in coincidence with at least 
three prompt transitions feeding the isomer. 

The anisotropy ratio R = W(0°.)/W(90°) has been deduced from measurements 
performed at 0° and 90° with respect to the beam axis using a 7.6 x 12.7 cm Nal 
detector surrounded by a 30.5 x 30.5cm Nal crystal acting as an anti-Compton 
shield. The detector, positioned 55 cm from the target, was collimated to 
sustend a solid angle of 16 msr. In that way a peak-to-total ratio of nearly 
50% was obtained for a Y ray of 1.25 MeV. 

Gamma spectra measured with this setup at the four bombarding energies 
are shown in Figure 2. They indicate, around E « 1.3 MeV, a characteristic 
bump whose intensity and high energy edge increase with bombarding energy. The 
average energy of the bump reaches E = 1.40 MeV at E = 155 MeV beam energy. 

For the multiplicity measurement the 7.6 x 12.7 cm Nal detector was set 
separately in coincidence with two 12.7 x 15.2 cm Nal counters placed at _+ 55° 
to the beam axis. Those counters were col11mated and properly screened by 
absorbers In order to obtain a nearly constant efficiency over a large energy 
range (200 to 2000 keV). The energy correlated average multiplicity spectrum 
was deduced from the ratio of the coincidence to the singles energy 
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spectra Measured with the 7.6 x 12.7 ca detector. In all the measurements 
neutrons Mere rejected by time of flight discrimination. Resulting spectra are 
shown as functions of gamna-ray energy E in Figure 3 for : 
a) the dipole (d), the quadrupole(q) and the statistical (s) components 
present in the energy spectrum, (Fig.3a) 
b) the anlsotropy spectrum W{0°)/W(90°), {Fig.3b) 
e) the average multiplicity < M > ; note that the quoted multiplicities do not 
Include the delayed transitions below the 10 isomer (Fig.3c). 

The three components shown in Fig.3a have been deduced from the unfolded 
0* and 90" spectra, assuming only stretched dipole and quadrupole transitions 
and using an E exp(- E /T) energy dependence for the statistical Y rays with an 
effective temperature T » 0.5 MeV. This last value has been extracted from the 
energy fit between 2 and S MeV. In the analysis, only the strongest discrete 
Unes have been subtracted. In fact, germanium spectra exhibit many weak Unes 
below 700 keV. Angular distribution measurements using a Ge detector show that 
these weak lines are mostly of the dipole type '. Because of the poorer energy 
resolution of the Nal detector, these lines are difficult to resolve and 
therefore appear as a dipole quasi continuum in spectra of F1gs 2 and 3. This 
dipole component, which 1s already present at the lowest bombarding energy» 
does not change in intensity when the incident energy is Increased. We suggest 
that these transitions are emitted between relatively low spin states (I < 25 
N) which are populated by the Y cascades even when the angular •omentun 
transferred to the compound system is increased. 
The v transitions which give rise to the bump at around E « 1.3 MeV have the 
anlsotropy ratio R « 1.53 (at E = 145 He») which indicate that they are almost 
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of pure quadrupole nature. This quadrupole bump (Fig.3) is correlated with a 
structure in the multiplicity spectrum ; its intensity which grows as a 
function of bombarding energy is also related to a corresponding increase in 
the multiplicity. The observed maximum multiplicity < H > = 22 at 145 MeV 

corresponds to the high energy edge of the bump. The combination of these facts 
144 strongly suggests that the deexcitation of the nucleus Gd at high angular 

momentum takes place via collective rotational bands. 
The high energy part of the y spectrum above the bump region exhibits the 

known features of the statistical transitions. In particular, the weak 
anisotropy R - 1.15 probably indicates a mixture of stretched and non stretched 
dipole transitions . 

The average angular momentum in the residual nucleus has been evaluated 
from the intensities of the various components. In particular, the number of 
discrete transitions has been deduced from the difference of the unfolded 
spectra before and after discrete line subtraction . Knowing the multipolarity 
of the subtracted strong discrete transitions from the high resolution Ge 
data and assuming an average angular momentum change of AI = 0.5 M for the 
statistical transitions, we have extracted the following average values for the 
entry spin : < I > = 31 tf at E = 125 MeV, 37.5 H at 135 MeV, 42 H at 145 MeV 
and 45.S M at 155 MeV. These values agree rather well with the ones calculated 
using the expression < I > = ^ t (29,37, 43 and 49 H, respectively). The 
maximum angular momentum, * m a x > transferred to the compound nucleus has been 
evaluated in the framework of the Bass model . As an example, we give in table 
1 the average number of transitions of each type which compose the Y cascades 
feeding the 10* isomer for the incident energy E = 145 MeV. 
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To test whether the quadrupole bump at around E - 1.3 MeV is indeed 

composed of very highly collective transitions emitted within rotational bands, 
some of them being possibly of superdeformed character, we have measured 
average lifetimes in the bump region by the Doppler-shift attenuation method at 
an incident beam energy of 145 MeV. Various Y spectra have been recorded with a 
Ge detector mounted inside a Nal Compton suppressor. The detector was 
positioned 23 cm from the target and set alternatively at 0° and 90° to the 
beam axis. Two kinds of targets were used. For recoil into vacuum, 

2 120 2 
400 vg/cm of Sn were evaporated on a 425 pg/cm gold foil as a mechanical 
support facing the beam. For recoil in a slowing down material, the same 

120 2 
quantity of Sn was deposited on a thick 14 mg/cm gold foil. In order to 
keep the same conditions i.e. same excitation energy in the compound system as 
obtained with the unbacked target, 425 pg/cm of gold were evaporated onto the 
tin. Examples of 0° and 90° spectra obtained with the backed target are 
presented in Figure 4. 

During the measurements the energy spectrum of the Ge detector has been 
monitored against possible gain shifts using the singles spectrum in which 197 strong Au lines due to Coulomb excitation of the gold layer were present. 
Figure 5 displays 0° spectra in the E2-bump region measured with the backed and 
unbacked target together with a 90° spectrum obtained with the gold-backed 
target. This later spectrum has been corrected for angular distribution effects 
using the anisotropy values (Fig.3) obtained from the data discussed 
previously. The different measurements have been normalized using the 1017 keV 
12 + 10 transition. As a check of the proper data treatment we have verified 
that the statistical transitions deexciting states with lifetimes much shorter 
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than the stopping t l K 8 ' exhibit the sane full shift for backed and unbacked 
targets. In Figure 5 partial Y spectra of the b w p region obtained with the 
backed and self supporting targets are displayed. Comparing to the 90* spectrum 
one can see that around E » 1.3 MeV the 0° data points obtained with the 
backed target are not as shifted as the ones measured with the self supporting 
target Implying an average lifetime comparable to the stopping time in the gold 
backing (*• 0.6 ps). 

For comparison with the experimental data a "theoretical Doppler shift" 
has been calculated versus transition energy assuming that the continuum is 
described by a series of rotational bands. From the potential energy maps in 
F1g.l one concludes that two minima, the superdeforaed and the tr1 axial, may. 
compete in collective transitions. We have therefore assumed two possible types 
of cascades: the one which corresponds to superdeformed bands, the other one 
which follows the tri axial decay path. To each spin I, knowing the (B,Y) 
deformation and the theoretical moment of inertia J/K 2(MeY" 1), a transition 
energy E^flfeV) was assigned using the relationship 

E Y ={r#2J)* (41-2) (1) 

The feeding of each level consists of two parts : the prompt feeding and the 
cascading from upper members of the band. For the cascading part, the 
transition lifetimes were determined according to the rotational model via 
formula 9 ' 1 0 > 

Tj ^ - 0.8 x Ey 5 U^flooj I fK>eQ t)" 2[ps], (2) 
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where the transition energy E is expressed in HeV and the transition 
quadrupole moment Q t in bams. Assuming, that I » K in the very high Unit, 
the explicit K-dependence in the above expression plays no role and one obtains 
(cf. refs. 9,10) 

Q t(B 2,Y) = Q t(B 2,Y = 0°)cos<30° + Y)/COS(30'), (3) 
where 

q tU 2,Y * o°) = / p(f,»2)q20(f)d3r. (4) 

In the above expression the standard form of the quadrupole Q-Q operator has 
been used and the density » has been assumed in the form of the uniform 
distribution 

+ p inside the number (5) 
p(r,BM 0 otherwise. 

Similarly as 1n the calculation of the transition energies, knowing the 
theoretical equilibrium (B-,Y) parameters for each spin value, one can deduce 
the values of the Q t moment. 

The prompt feeding of a state with spin I was approximated by the 
distribution8* 

o - 1/ {1 + exp td-Inaxl/O.OB * 1 ^ ] ) (6> 

where I m a x is the maximum angular momentum transfered to the compound nucleus, 
(I = 65 H at 145 MeV incident energy ). The population equations were solved 
for all members of the band contributing to the feeding. The si owing-down 



- 10 -

«as calculated using the Northcllff and Schilling electronic stopping power 
tables ' and the nuclear contribution was treated according to Blaugrund '. 
Figure 6 shows the "theoretical" Ooppler shifts as functions of transition 
energy assuring population of triaxial and superdeforwed bands. The shifts 
deduced from experiment are also shown. While the expérimental shifts are 
compatible with both triaxlal and super deforced shapes for transition energies 
E y > 1.3 Mev, the present data are clearly not in favor of a superdaformed 
shape hypothesis for Y-ray energies between 1.0 and 1.3 HeV. This would be 
precisely the energy region expected to show pronounced superdeformatlon 
effects 1f superdeformed bands (2J/K2 = 165 NeV' 1) in the spin range 40-50 X 
were present and appreciably populated. 
3. Theoretical analysis. Interpretation and discussion 

Our model-dependent theoretical Doppler-shift estimates Illustrated in 
Fig.6 suggest that superdeformed configurations have most likely not been 
populated In the present experiment, although a possible presence of tome 
radiation coming from those states cannot be totally excluded. One has to bear 
1n mind that simplified formulae (2-3) leading to the Doppler-shift estimates 
should In principle be Improved on the microscopic level by explicitly taking 
Into account possible structural differences between the initial and final 
states. On the other hand one may argue that averaging the observables of 
Interest here over many bands, even when starting from a more Microscopic 
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level, should give results close to those in Fig.6. Despite the uncertainties 
involved and relatively big error bars (cf. Fig.6) an evidence for collective 

144 rotation taking place at high-spin regime in Gd seems clear. 
In this section we discuss the microscopic background underlying the 

high-spin behaviour of the Gd nucleus. In particular the nuclear temperature 
effects on the "superdeformed" shell structure 1s Illustrated. The effect of 
pairing forces at the very lowest .excitation energy range is also studied. 

3.1. Microscopic origin of predicted particularly strong superdeformed 
minimum 1n 1 4 4 G d 

The presence of superdeformed minima in the nuclear total energy surfaces 
reflects the behaviour of nuclear shell structure. Relatively strong openings 
in the single-particle level spectra at a certain deformation and frequency 
range will cause a stronger nuclear binding at that particular deformation and 
frequency range, resulting in lowering the total energy there. This simple 
correlation between the single-particle level density and nuclear binding has 
been explained long ago within Myers and Swiatecki13' and Strutinsky'*' 
approaches. The latter method has been generalized for rotating nuclei as 
well * ' and provides nowadays means for understanding the origin of shape 
coexistence and shape transitions in rotating nuclei. 

Calculations based on the cranking model equation 

<H-i x>*:= e" ** (7) 
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with the deformed Woods-Saxon potential H have been perforated for several 
deformations In the (B,T) plane of Bohr's quadrupole deformation parameters. 
The results relevant for the present discussion are Illustrated In F1g.(7a-bj. 

Figure 7a shows the single particle level spectrum In the rotating 
coordinate frame for the neutrons at B 2 = 0.5 and Y = 0° which correspond to a 
characteristic superdefonned-minimum point (cf. Fig.l). A very low level 
density corresponding to the neutron number h* = 80 over a long rotational 
frequency range results in the presence of a local superdeformed energy minimum. 
The tendency to produce a superdeformed minimum Is even strengthened by the 
proton contribution since, as illustrated in fig.7b, a very wide opening * 2 
HeV appears at Z * 64 at moderate and high frequency range. 

The shell structure presented in Fig.7a-b guarantees lowering of the 
total nuclear energy at very elongated shapes of 6, •>• 0.5. However, 1n order to 
observe radiation from a nucleus of that shape the presence of a potential 
barrier between the superdeformed and the yrast minimum is necessary. If such a 
barrier 1s sufficiently high the corresponding nuclear configuration may live 
long enough to win in competition with an immediate transition to the yrast 
(moderately deformed) configurations. Indeed, relatively high (* 2.0 - 2.5 KeV) 
barriers at I > 40 K (cf. Fig.l) do occur due to the occurance of relatively 
high single-particle level densities at elongations between a superdeformed and 
a triaxial minimum. This level density effect 1s Illustrated quantitatively In 
F1g.8a for the neutrons and In Fig.8b for the protons. Indeed, at N » 80 and Z « 64 
the shell effect at 6 2 * 0.35 (a typical defonsation for the first saddle-point) Is 
strong and just opposite to that at 0- •»» 0.5. 
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The presence of shell structures In rotating nuclei causes shape 

coexistence effects at (and near) the yrast line. Heating the nucleus more and 
more will also excite single particle degrees of freedom. The corresponding 
single particle occupation probability can be conveniently represented In terms 
of nuclear temperature. Examining the temperature effects In rotating nuclei Is 
Inevitable for our study since we know that most of the gamma cascades 1n the 
selected 4n channel originate from T = (400 t 600) keV range of nuclear 
temperatures. The following section is devoted to a discussion of this 
particular aspect in more detail. 

3.2. Superdeformed shape configurations and the effect of temperature 
In order to study the shape evolution as a function of both angular 

momentum I and nuclear temperature T, we performed a further quantitative 
analysis 1n terms of the free energy F. It is defined 1n a standard way by 

F = F(T,I ; S,T) • E(T,I s B,Y) - T'StT.I ;e,v), (8) 

where S denotes the entropy of a nucleus (some more details about the approach 
can be found e.g. in refs (17-18)). 

Mille the order-of-magn1tude estimates indicate a complete disappearance 
of the shell structure et T * 2 Me» (cf. réf.9), in many cases already much 
lower temperatures eliminate the shape coexistence effects although a presence 
of some shell structures may still remain. 
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In Figure 9 the shape evolution due to nuclear heating 1s Illustrated for 

I » 40 M. While at T = 200 keV a spherical, a triaxial and a superdeformed 
minimum coexist, at T * 400 key only a slight barrier between the superdeforoed 
and the yrast minimum survives. For T ? 500 keV only a "classical" oblate yrast 
minimum Is present with Moderate flattening of a, «. 0.1 ( Y • 6 0 " ) . 
At Increasing angular enaentvm, however the shape coexistence survives such 
better the 1.:;rease in nuclear temperature, according to theoretical results. 
At spin I * SO h* {cf. Fig.10), not the spherical but the collective tri axial 
minima remain yrast up to T * 500 keV. This tendency persists also at higher 
angular momenta (cf. Fig.11 for I •« 60 K). 

A comparison of the results presented in the last two figures (see also 
F1g.l for T • 0 ) shows that although 1n the I = (50 t 60) H spin range the 
superdeformed minimum remains yrast in the low temperature limit, at 
T • (400 t 500) keV) the tri axial collective rotation 1s the yrast mode. 
These calculations indicate that with increasing nuclear temperature (but still 
for T < 600 keV) the I > 50 K configurations are predominantly tri axial with a 
moderate quadrupole deformation B 2 = (0.2 * 0.3). Since in our experimental 
conditions the nuclear states in the entry region have temperatures in the 
T - (400 t 600)keV range, one should expect for this particular experiment, the 
collective moderately deformed rotation to dominate In the higher parts of 
cascades. In the lower parts, when the cooling down progresses, a feeding of 
both collective and non-collective modes is expected. According to this 

144 
Interpretation the population of superdeformed configurations 1n 6d Is in 
our experiment hardly possible because the final nucleus Is being produced at 
slightly too high temperatures. This explains why the observed Doppler-shift 
analysis (cf. Fig.6) speaks in favour of moderately rather than superdeformed 
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collective configurations. 

Soie further observations can be made on the basis of the calculations. 
First (cf. Fig. 1 1 ) , the superdeformed shapes correspond to the yrast 
configurations and their Minima are relatively well defined up to T * 800 keV 
only In the wry high spin regime, I > 60 H, where fission is most Hkely a 
dominating decay mode. Secondly, by comparing the results in the lower parts of 
Figs. (9-11) one finds, 1n qualitative terms, the oblate shape configurations 
evolving through typically B- = 0.1., 0.15, 0.20 and 0.25 for I •» 40, 50, 60 and 
70 K, respectively, with a simultaneous increase 1n the deformation softness 1n 
both $2 a n d Y directions. 

A more general finding from the above temperature-calculations 1s that 
the superdeformed configurations in the transitional Rare Earth Nuclei are 
unlikely to sustein temperatures higher than typically T = (400 t 500) keV. 
Therefore in order to study the superdeformed shapes one should produce the 
final nuclei in states as "cool" as possible In order to observe the 
superdeformed configurations with satisfying statistics. 

152 

It is worth noting that the superdeformed configurations in Dy are, in 
this context, most likely significantly easier to observe. This is because the 
superdeformed minimum and the barrier are calculated to lie, respectively * 6 
and * 9 MeV above the yrast minimum. In Gd the superdeformed minima are low 
(«• 1 MeV for I > 40 H) above the yrast. For a fixed excitation energy of the 
system at the superdeformed barrier the deformation energy takes up to 9 MeV 
from the thermal modes In 1 5 2 D y while only * 3 MeV in 1 4 4fid. Thus the saddle 
point configurations are expected to have very different temperatures when the 
two nuclei have the same Intrinsic excitation energies. Consequently the 
thermal effects In , 4 4 6 d are expected to act much more destructively on the 
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3.3. Estimates of the possible pairing effects 
The results of the previous section Indicate that the search for the 

superdeforMd configurations nay become unsuccessful if the compound and/or the 
final nucleus 1s too "hot". At the Ion temperature Unit, however, pairing 
correlations nay still influence the nuclear behaviour. In this section we 
discuss briefly what kind of influence can be expected from the pairing 
mechanism. In contrast to the results of Sec.3.2 which may apply! within son» 

144 
approximation also to a few neighbours of Gd, the results In this section 
apply 1n general exclusively to the latter nucleus. 

Let us first compare the evolutions of the pairing correlations 1n the 
superdeformad minimum and in the related saddle-point configurations. As the 
first estimate we use the calculated pairing energy gaps as functions of spin 
I. The results are given in F1g.l2a for the neutrons ; they correspond to the 
pairing self-consistent Hartree-Fock-Bogolyubov cranking (HFBC) model 
calculations without particle number projection. It becomes clear from the 
presented results that due to low density of single particle levels near the 
Feral level In the superdefomed states,the pairing correlations are expected 
to be relatively weak. In the saddle point configurations, however, the 
situation Is quite different. High density of single particle levels close to 
the Fermi level {cf. Fig.ua, Sec.3.1) results in only a very gradual decrease 
1n pairing correlations. Consequently, stronger pairing correlations are 
predicted to be present at the barriers as compared to the superdefomed 
minima. This tendency is similar also in the proton system as demonstrated 1n 
Fig.12 b. 

http://Fig.ua
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It 1s well known that the HFBC method without particle number projection 

exaggerates the fall of the pairing correlations with Increasing rotation. To 
gain a more quantitative estimate of how much "superdeformed barrier" 1s cut by 
the pairing correlations the barrier heights have been calculated ustng the 
particle number projection technique and the corresponding results are given 1n 
F1g.l3. 

One may conclude at this point that even in the relatively high spin 
regime « 50 H the pairing correlations are expected to "cut" the barrier 
between the superdeformed and the yrast minimum up to some hundred of fceV (as 
compared to the typical barrier height E g = (2 * 3) MeV). By "cooling" the 
nucleus down to zero-temperature one Is therefore encountering another 
barrier-destructive mechanism due to pairing. 

4. l u — w y 

He have studied the high spin behaviour of g^Gdgo following earlier 
theoretical results which indicated that Z • 64 and N - 80 Is a particularly 
favourable combination when one 1s searching for the superdefonsed nuclei 1n 
this mass region. Using the reaction we populated 
the final nucleus up to a temperature T • 500 keV. Our experimental results 
Indicate a presence of collective rotation 1n 1 4 4 6 d in the high spin I > 40 K 
range. The Ooppler-shift analysis indicates, however, that the observed effect 
should mainly be related to a rotation of a moderately deformed nucleus rather 
than to a superdeformed one. Theoretical calculations employing cranking model 
together with the deformed Woods-Saxon potential show that this 1s Indeed what 
should be expected in the temperature range T = (400 * 600) keV explored mostly 
In the reaction studied. Pairing effects are shown to influence the barriers 
between superdeformed and the yrast minima In a destructive way. 
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Table 1 : Decomposition Into different components of the prompt discrete and 
+ 144 continuum transitions feeding the 10 isomer In Gd. This nucleus was formed 

via the Sn( S1,4n) reaction at 145 MeV bombarding energy. 

Excitation 
energy of 
compound 
nucleus 
(HeV) 

Calculated maximum Observed Decomposition0' Average 
angular momentum9' <M> discrete continuum entry spin 

(H) N n N„ N„ N n N. (H) 

80 65 ZZ 1.5 1.2 10.6 4.5 4.2 42.0+Z.5 

a) 
b), 
Maximum angular momentum calculated in the Bass model. 

Observed multiplicity not taking into account the delayed transitions below 
the 10 + isomer. 

The quantities NQ, NQ and H~ refer to the number of stretched quadrupole, 
stretched dipoie and statistical transitions respectively present in the 

average cascade to the isomer. 



FMUBE CAPTIOUS 
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F1g.l Stmtlnsky type calculations for the nucleus. The total «wrgles 
are displayed 1n the (B,T) half-plane ; they correspond to spins I • 20, 
30,...70 at zero temperature (for more details see Ref.2 and references 
therein). 

F1g.2 Spectra registered at different bombarding energies with a 7.6 x 12.7 cm 
Nal mounted in an anticompton shield. 

Fig. 3 Properties of prompt radiation feeding the I* = 10 +, T^g • 130 ns Isomer 
144 28 120 

in '"Gd formed via the "Si + Sn reaction at different bombarding 
energies. The top panel shows the decomposition of continuum radiation 
Into stretched dlpole (d) stretched quadrupole (q) and statistical (s) 
components. The discrete lines have been subtracted (see text). The 
middle panel shows the anisotropy ratio measured at 0° and 90°. The 
lower panel gives the average multiplicity. 

Fig.4 Germanium anti Gompton spectra of prompt radiation feeding the 10* iso
mer at 145 Me» bombarding energy. The spectra were obtained with a gold 
backed target. The 2614 keV line corresponds to the ^Wn ') reaction. 



- 23 -

Fig.S Portion of the quasi-singles germanium antlcompton spectra 
corresponding to the quadrupole bump. These spectra were measured 
with a gold-backed target (0°, 90°) and a self supporting target 
(0°). 

Fig.6 Calculated Doppler shift observed at zero degree assuming a 
superdeformed continuum cascade, and a triaxial continuum cascade. 
The full line corresponds to the full Doppler shift. The experimen
tal values are also given. To deduce the experimental shifts from 
the 0° and 90 s spectra, the contribution of the statistical 
transitions has first been subtracted. The bump region has then 
been fitted with a polynomial expansion. The experimental points 
(•) refer to the shifts extracted from the 0° and 90° fits. The 
dashed curves which correspond to the limits of maximum and minimum 
shifts, reflect the errors in the fitting procedures. 

Fig.7a The neutron single particle Routhians (in MeV) at the characteris
tic superdeformation point of B 2 = 0.S2 and Y * 0° (cf. Fig.l). 
The big N » 80 energy gap extending over* broad frequency range 
provides the microscopic origin of the superdeformation effect 
even in relatively low spin limit of I ç 30 at zero temperature. 

F1g.7b Similar to that in Fig.7a but for the protons. The energy gap 
corresponding to Z • 64 deserves noting. 



- 24 -
Fig.8a The neutron single particle Routhians (in MeV) at the characteris

tic saddle point deformation of 3, = 0.35 and y * 0°. In con
trast to the extended N = 80 gap visible from Fig.7a, now the den
sity of single particle Routhians is very high providing the micro
scopic origin of the barrier separating the superdeformed and mode
rately deformed minima over a long frequency range. 

Fig.8b Similar to that in Fig.8a but for the protons. 

Fig.9 The free energy representation for the shape evolution due to 
Increasing temperature at spin I = 40 H. The barrier between the 
superdeformed and an oblate shape minimum disappears already at 
200 keV < T < 400 keV. 

Fig.10 Similar to that in Fig.9 but for spin I = 50 H. Note that at tempe
ratures T * (400-500) keV the equilibrium deformations correspond 
to a trlaxial (and not to oblate) shape. 

Fig. 11 Similar to that In Fig. 10 but for I = 60 M ; only at this spin 
value the superdeforaed minimum is the lowest up to T * 400 keV 
temperatures, while at T ^ 500 keV theoretical predictions indi
cate again a domination of the triaxial, moderately deformed con
figurations. 
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Fig.12a Estimate of the intensity of pairing correlations in neutrons 
at the indicated deformations characteristic for the superdefor-
mation (top) and the saddle point (bottom) ; here we use the 
pairing energy gap vs. spin representation. The calculations 
performed within the pairing selfconsistent rotating BCS (RBCS)» 
often referred to as the Hartree-Fock-Bogolyubov cranking model 
without particle number projection, become unreliable when energy 
gaps approach zero and the corves are arbitralily interrupt at 
a * 250 keV. 

F1g.l2b Similar to that in Fig.12a but for the protons, 

F1g.l3 . Cuts through the total energy surfaces 1n the (a,,ir) plane Indi
cating the behavior of the energy relative to the superdeformed 
(e, « 0.5, Y « 0°) point at zero temperature. Here the pairing 
correlations were also included and the particle number projec
tions was performed. The symbols RBCS and RFBCS refer to the 
variant without and with particle number projection, respectively. 
The calculated barriers are typically 200-300 keV lower (In the 
spin range around I «• 40 K) as compared to the analogous calcula
tions in which pairing has been neglected. The projection lowers 
the energies up to 400 keV but the projection effect varies in a 
very smooth way with deformation. 
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