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ABSTRACT

High spin states in 22Ne have Seen investigated by
the reactions 118(13C,d)22Ne and I3C(IlB,d)22Ne up to E* = 19MeV.
Yrast states were 6bserved at 11.02 MeV (8+) and 15,46 MeV (1D+)
éxcitation energy. A backbending in 22Ne is observed around spin
8+. The location of high spin states I < 10 is discussed in terms
of the rotational band structure, Strutinsky type calculations,

and pure shell mo@el predictions.

[Nuclear Reactions !1B(!3C,d)22Ne and !3c(!lB,d)22Ne - Eqy = 19MeV

measured o(8), deduced 22Ne high-spin states and compound nucleus

2%Na critical angular momentum, Hauser-Feshbach analysis.]

I. INTRODUCTION

In recent years nuclei in the first half of the s-4d
shellAhave been subject of considerable interest and effort in the
investigation of yrast and high spin states. The extent to which
the rotational band structure persistsl) in highly excited deformed
light nuclei still remains an open question. On the theoretical

side, in particular the extension of the Strutinsky méthod +o -

rotating nuclei has made it possible to describe the drastic

shape-changes often associated with high frequency-rotation§2'3).'

Among a number of models, the nuclear shell model by
means of residual forces can. induce: strong configuration mixings
which can sometimes be interpreted as rotational motion. The ex-—
citation spectra of the s-d-shell nuclei are sufficiently varied
and complex but s5till not beyond possible description of the com-
pleté untruncated s-4 basis4'7). Therefére phenomena like back-
bending, etc, can possibly be related to a particular microsceopic
mechanism in a more unique way. than in heavy nuclei. Moreover,
in this mass region, in contrast to'heavier rare-earth nuclei, a
purely microscopic {shell ﬁodel) description and macroscopic
{collective and Strutinsky) methods can be applied to the same
phenomena and thus be compared with each others'g}.

The 22Ne nucleus lying between the two best known
light nuclei 2%Ne and 2%Mg is one of the most highly deformed
light nucleilo'll}.

However the confinement of the experimental knowledge
of- 22Ne to the region E £ 11 MeV reflects the extreme experimental
difficulties in the observation and identification of the high

lying high spin states, Phis is mainly due to the high level

density and the low threshold for particle emigsion that restricts



the applicability of particle-y correlation studies to excitation
‘energies of about 10 MeV in 22Ne,

By means of angular correlation measurements, the
yrast line of ?2Ne is at present clearly identified up to the 6t
state at 6.305 MeV, a member of the K" = 67 band build on the 22Ne
12,13}.

ground state The §" yrast state has been observed at 11.02

MeV and recently the yrast line has been defined up to the 10+
state found at 15.46 MeV excitation enerqyl4). This last assign-
ment defined a backbending in the 22Ne yrast line around spin 8.
The 2%Ne nucleus was the only light nucleus which
showed ¢lear experimental evidence. for a backbending at a rela-

10)

tively low excitation energy This effect has been successfully

reproduced by shell model calculations using the full s-d shell
basis. Arima et al.4), truncating the shell-model space with the
SU(3) group, prediected an irregularity in the yrast line of 22Ne
{backbending} around spin 8 and the position of the lD+ yrast
state at 15.8 MeV.

The shell model has been applied in the prediction of
rotational bands in -*?Ne and very recently the alternative method,
the Strutinsky procedure for rotating nuclei has heen applied to
light nuclei in the mass range A ~ 20-50. Using a deformed single-
particle model this method allows the description of states with
higher SPinS-thanfthgse;accessgble_in;shell model calculations3).
However due to the fact that residual interactions are very diffi-
cult.to be considered. at: the present. stage, the Strutingsky method
is not:-directly. applicable to the calculation of lower spin states .

(I < Bh) where pairing interaction play a. very important-rolels}.

Nevertheless it yields - . very useful gqualitative informations on' -

deformations, moments. of. inertia and. shapes of these states, when

compared t¢ the experimental data.

Heavy-Ion Compound Reactions and expleoitation of their
high spin selectivety have permitted investigation of previously
inaccessible high spin states, enlarging the aplicability of par-
ticle spectroscopyll). Heavy ions carry large amounts of angular
momentum into reactions even at relatively low velocities, and
can be perfeclty energy-and-angular-momentum matched for high spin
spectroscopy of s-d nuclei,

In order to investigate high spin states in 22Ne the
tlp(13¢,q) 22Ne and !3C(!!B,d)22Ne reactions have been used to
reach highly excited states.

These reactions showed to be.the most high spin
selective in the 8 MeV < E* < 20 MeV excitation energy interval
than the other féw pessible heavy ion reactions (fig.l). The
high-channel spins available favours a high statistical fluc-
tuation damping, increasing the accuracy of the Hauser-Feshbach
analysis in the interpretation cof the experimental results.

Since no y-decay study has been performed in the
present work, information on the 22Ne rotational behaviour can
only be inferred through the comparison of the experimental

results with the existing theoretiecal predictions.



II. EXPERIMENTAL PROCEDURE

The !B (13¢C,d)22Ne and 13c(llm,d)22Ne reactions have
been studied at the center of mass energy ECM = 19.0 MeV
(ELAB = 41.36 MeV and ELAB = 35.0 MeV respectively) using the

13¢%* ana 118** peams of the MP-Tandem accelerator at Heidelberg.

Tﬁese two reactions were ;nvestiqated at the same
center of mass energy in order to observe the predominance of
compound reaction mechanism,as well as to identify the contribution
of contaminants, mainly in the 13C{11Bn,d)22Ne where it was very
difficult to eliminate the contribution of 12C contamination (i.e.

transitions leading to 2We). These transitioms were also identified

using spectra of the 12¢(!!B,d)2lye (Q = 1.26 MeV} reaction

LAB .
type Ilford X2 were exposed and scanned (human scanning) in steps

investigated at the same Eyap = 35 MeVv energyle)..

Reaction products were detected in 15 gaps of the
multigap magnetic spectrograph in the angular range aLAB = 5,5° to
8 = 90° in steps of 4% and 70; Nuclear track plates of the

of 0,5 mu. A mean solid angle of 3.4 x 107  sr was used. A
dispersion of ~13 keV/mm permitted to observe at each 120 cm focal
plane an excitation energy interval of ~15 MeV, and states up to

BE* = 19 MeV excitation energy have been investigated in the present
work.

Typical speétra are shown.in fig. 2ab. Aan overall
eﬁergy resolution of 60 ~ 80 keV FWHM (full width at half maximum)
was achieved, and was mainly due to the. target thickness. Self
supporting 1B and 13C (~25 pg/cm?) targets of isotopically pure
{> 96%) material were used. The beam current (1 wA{L13C) and
350 na (!!B)) was integrated with an external Faraday cup and ex-

posures of 100 mC were used. Possible target deterioration was

monitored by a solid state telescope set at a forward angle to
observe the elastically scattered particles.

The excitation energies were determined within an un- 7
certainty of AE* < 25 keV for states with E* < 12 MeV and AE* < 50
keV for states with 12 MeV < E* < 18 MeV. States denoted with an
asterisc in table I were used as reference in the calibration
procedure which utilize a second degree polynomial. For unknown
levels, a least square fit of the position shift in the focal
plane, with respect to the kinematical prediction, was made.

Experimental c;css—sections were obtained using a

least square peak fitting program JASPERls)

based on symmetrical
gaussian peak shapes and by a second order polynomial for back-
ground definition in small excitations energy regions. The am-
biguity in the definition of the background, mainly in the high
excitation energy region is reflected in the uncertainty attributed
to the differencial cross-section. The FWHM was assumed to be
equal feor neighbouring peaks in the spectra. A typical fit is
showh in figure 3.

Angular distributions wére measured for 82 states.

Those obtained by means of the 13C(l1B,d)22Ne reaction being the
inverse reaction of 1!B{!3C,d)?2Ne are presented as backward angle
in the center of mass frame. However due to the non negligible
amount. of 12C build-up observed, some transitions. to high spin states
in 2!Ne where not identified clearly ahd;ére not reported.

At -the bormbarding energy used in the present experiment,
the graziné angular momentum in the entrance channel obtained by
optical model transmission coefficients was vi4h i(see fig.l). The
energy balance of the reaction allows that states up to ~20 Mev

excitation can be populated. The low orbital angular momentum



carried by the deuvterons favours the high spin selectivity of

the reaction in the region 8 MeV < E* < 15 MeV, 6h < I < 10Ch.

IIL. THE STATISTICAL MODEL ANALYSIS

The measured angular distributions were analysed
within the statistical model. The formalism of the statistical
model can -bhe found elsewhere e.g. ref. 17, 18. The angle integrated
cross—section averaged over the Ericson fluctuations for the ex-

citation of an individual state with spin I_ at an excitation

B
energy E; in the reaction A(a,b}B is calculated by the relation:

Inax
U(EE:IB)-'“ io O'CN(J)G(EE:IBaJ)/g'(J) =
(1)
Inax
- *
R e Lo L

where-ucﬁ(ﬁ) represents the partial cross section for the formation
of a compound-nucleus' with' spin J. -

" The partial and total decay width of the compound
nucleus,'G(Eg)Ig,J) and g(J} respectively, as well as the compound
nucleus formation cross sections (CFCN) s Were calculated using

transmission coefficients (Ti} obtained with optical potentials, -

defined by the. parameters listed in table IT. The Fermi-gas

19,20)

expression was employed to compute the level density. Cal-

culations of total and differential cross-sections were performed

using the code STATISZI)

, and all parameters used are listed in
table II.

The summation limit Jmax in equations 1 representing
the critical angular momentum for the formation of a compound
nucleus has to be determined correctly in order to obtain the
right cross sections magnitudes. Partial cross sections g5 as well

as the effect of -the truncation at Jm on the cross sections is

ax
shown in fig.4, for different spin states.

The simultaneous least square fits to all relative dif-
ferential cross sections cexp (E*,I), of transitions tc states

{(E*) of known spin I, as a function of the angular momentum cutoff

(Tpax) in the Hauser-Feshbach expression o

m (eq.1l) {see ref.ll)

H.F.
gives the critical angular momentum in the 2“Na compound nucleus
at the excitation energy of 39.17 MevV.

The expression:

2 _ 1 |'=E ,Uexpus*’I)ff(u'a’Jﬁax}GHF(G’E*’I'“'a'Jmax)\2ﬁ

Xred =~ &1 |g,8% T ) (2
axp :

was minimized by varying the normalization factor fla,a,T Y, in

max
arder to use relative experimental cross sections, and remove the
dependence of the cross sections on the exact knowledge of the
level density parameters, that drastically affect the absolute
Hauser-Feshbach cross sections «

gp+ 10 this expression, o denotes

any unspecified parameters inveived in the computation of gt 2

represents'the level density parameters and EEXP is. the experimental



uncertainty in cross section.

The value JMax = 13h £ 1h was obtained independently
by both reactions using a wide range level density parameter a
(/10 < a < A/4)l4). 8ince a sharp cutoff approximation is used
in the Hauser-Feshbach expression {eg.l}, only integér I ax values
are used, and this is reflected in a variation of the Jmax value
obtained by eqg.2 within a range of one unit of.ﬁIr depending on the
optical model parameters used (mainly in the exit channel) and

on the level density parameters {a,g}. Using an average level
density A/6.5 in reference 14 a Jmax = 12k was obtained. The use
of average parameters (a = A/const)} is acceptable when a great
number of decay channels are available and taken into account.
However, when a few.nﬁmber of channels. are considered (six in the
present case), and the channel of interest is not the most probable
{the present case the o, n and p channels have the highest c¢ross
sections respectively), individual level densities parameters are
recomended in order not to underweight the channel of interest;

and in order to reproduce the partial decay cross sections observed
in fusion experimentszz). In the present work we adopted the pa-
rameters listed in table IT.

It has been showu23)

that when high spin states are
populated (comparable to the critical angular momentum of the com—
pound nucleus} the angular distribufion hecomes less anisotropic
in a way that the shape (anisotropy) of the angular distribution
depends of the high spin final state. This effect is c¢learly
shown in fig.5. The reason of this depencence is that the strong
alignment of the ccmpound-nucleus spin. with the orbital angular

momentum of the emitted particle {responsible for the classical

1/sins distribution when low-spin final states are populated) is

- 10 -

lost for fiﬁal SPin$ comparable to Jmék’

This shape dependence has been used in the sgpin deter-
mination of states at high excitation.gnergies (E* > 10 MeV) ,where
the level density is higher, and the possibility of a cluster of low
spin states simulating a high spln state cannot be ruled out
completely by a fit to the absolute angular_distributionl;’l4}.1n
the case of a non resolved cluster, the anisotropy of the experimen-

tal cross section will be given mainly by the highest spin state

of the supposed cluster.

IV. EXPERIMENTAL RESULTS

The results of the analysis of the experimental angular
distributions of the llg(l3c¢,d)228e and 13c(llp,d)?%Ne reactions
are presented in table I and fig.6a-f. The spin attribution is
based on x? fits to the absolute angular distributions by the
statistical wodel calculations. For highly excited states x? fits
to the shape of the angular distributions by Hauser-Feshbach
calculations, as a function of the spin of the final state have
been éléé ?efformed. Good agreement is obtained between experimen-—
tal ané theoretical angular distributions for states of knoﬁn

spin,the latter taken from réferences 24-34, A discussion of -some

individual identified levels follows.



_ll_
IV.1. THE 22Ne YRAST STATES

In this section we will concentrate only on the 22Ne
yrast states that were clearly identified only up to the 6" state

+

at 6.305-MeV, a member of the X' = 0" band, build on the 22Ne

ground state. The spin of this state has been measured by means

of particle-y correlation experiments. Broude et a1, t?!

-suggested
a candidate for the gt yrast state at 11,00 MeV based on the
19F{a,pY} experiment. Our present work confirmed this expectation,
fitting a 8 spin value to the state observed at 11.05 MeV ex-
citation energy. x2 fits both to absolute cross sections as well
as to shape of the angular distributions of the yrast states are
shown in figure 7a-b. The lowest 10+ state has been found at
15.46 MeV excitation energy and x* fits for the assignments are
within the 97% confidence level. PFits for several possible
doublets show, however, that the possibility of one unit lower in
h for these yrast states cannot be completély ruled out.

It ig known that the statistical-fluctuationslT)
(Ericson £luctuations) that affect the magnitude of the cross
sections could lead to wrong spin assignments when comparing the
experimental data to the averaged Hauser-Feshbach cross section.
However in our case,due to the high-channel-spin involved, the
total effective number of independent cpen channels for decay of
the compound nucleus is high, see fig. 8. Thus the statistical

fluctuations are seen to be quite strongly damped already at re-

latively small angles.

- 12 -

IV.2. HIGH SPIN STATES IN 22Ne

The known level properties of the low-lying states in
22Ne determined through heavy-ion reactions and by particle-y cor-

24). The

relations have been summarized by Endt and Van der Leun
comparison of our angular distributions with statistical-model
caloculations (see fig. & and table I) shows that the extracted
spin values agree with values reported previcusly. Some additional
zzNe high-spin-states are reported. The ekperimental level schenme
obtained from the present work is depicted in figure 9.

The 3.36 MeV level is known to be the 4* yrast state
belonging to the K" = O+ rotational band based on the ground state.
The data from the 1!B(13C,d) clearly confirm this assignment.

As can be seen from the fig. 6a the 4,46 MeV and
5.14 MeV angular distributions are fitted by angular distributions

24) listed them as being 2" ana 2° respec-

of spin 2. Endt et al.
tively. BHowever in this case our method is insensitive to the
parity of the final state.

The most important discrepancy between our results and
the previously assigned spin values is related to the 5.52 MeVv
state. The study of 13F{e,py)?2Ne angular correlatien performed

25).

by Neogy et al. indicates a pure £ = 2 transition to this state,

restricting the spin and parity assignment to 3* or 4+. On the

other hand, on the basis of «-scattering experiments on 22)031)
it has bkeen found that this state should have natural parity and
a 4+'assignment being acceptable. However this assignment cannot

be supported by our data on-the basig of the statistical model

calculations, that suggest a. 3 = 3 value for this level. According
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to the shell model predictions by Preedom and Wildenthal”) , J = 3
and J = 4 spin levels are expected between 5.40 MeV and. 5.50 MeV.
The best fit to the 5,64 .MeV state is obtainmed for J = 3; in that
case the 5.52 MeV state would be the begt candidate for the J = ¢4

state.

6.30:MeV.and 6.34 MeV: The 6.30 MeV level is listed

in ref. 22 as the.6+'yrast state and the 6.34 MeV as a._JTr = 4"

state, based on the work of Fifield et a1.13f. In-the-préseht.
work,. it-was.not possibIe to.;es0lvE this doﬁblet, however_our
best fit is for a sum 6 + 4. The best x? fit to_thé shape: of' the
angular distribution is obtained for spin 6 (fig. 7)..

Unresolved doublets were. observed at 6.64 MeV,;. 6.82 Mev,

7.34-MeV;andu7.4G MeV.. Fits using several combinétions cf.spin
were. used- and: the-best. x? values were obtéined for the spin values
suggested in'references:lzj.l3k:24. We.shou;d noté.that fhe.lowest
I = 5 value is attributed ﬁo the 7:35 MeV.state although this
suggestion is not supported by previcus assigpments.

7.72 Mev, 7.82 MeV and 8.08 MeV: The'statistical

analysis results for these states agree with the spin values listed
in references 12, 13, 24 with the exception of the 7.92 MeV for
which the best yx? fit to the angular distribﬁtion_is for a spin 3
{the possibility of being a doublet J %-2 +.2 is not ruled out}.

Endt and Van der Leun%4)'lis£ed a state at 8.131 Mev,

J = 2+ and another at.81162 MeV, JT = 3. We observed a state at.

g8.14 MeV which is probably a deoublet.either-a J =4 + 3 oxr J =4 + 2,

The 8.38 MeV, 8,50 MeV and B.59 MeV states were very

difficult to analyse due.to superposition. The experimental FWHM
of this cluster suggests that probably there are more than three

peaks. In such cases the shape of the angular distribution was

alsce fitted indicating a spin J ?m4 ;t“3.38 xev-andla spin J = 5
at 8.50 MeV and 8.59 MeV,

8§.74 MeV: 1In the present work, the high absclute cross
section value together with the high anisptrqpy'of the angular
distfibution indicate .a multiplet.of lower.spins. .  The.best.y2 fit

to the shape of the angular distribution is obtained for a spin

" JF = 3. This suggestion is supported by ref. 24,

The observed levels between 2.0 MeV and 10.0 MeV.
presented no problems concerning the fitting procedure. Our
assignments were not in conflict with the few previous suggestions
when:fhey wére aﬁaiiable._

In the region of:10.0 to 11.0 MeV in excitation

12)

energy, Bronde: et: al. reported two spin 5 states at 10.64. and

10.76 MeV respectively and a J = 6,8 at 10.4 MeV. In this work
two spin J = 6 states were cbserved in that region, but a little.
12)

higher in excitation energy, when compared to Broude assigmment,

at 10,66 and. 1l0.78 MeV. Our suggestion, however is in better

)

agreement with Arima et al.4 prediction of a state of spin J = 6

near 11.0 MeV excitation energy. ¥We observed a spin state J = 5
at 10.31 HeV, & spin J = 7 at 10,42 MeV and a probable doublet of

spins 4 +.3 at 10.19 MeV.. Our J = 5 suggestion is 300 keV lower

12)

in excitation energy than Broude et al. assignmeat of a state

. . 4
of spin J = 5 at 10.64 MeV, but can be compared with Arima et al. )

prediction of a spin state J = 5 at 10.50 MeV.

Between 11.00 and 12.00 MeV excitation energy we observed

two spin 7 states and two spin J = 6 besides the yrast J = 8 at

11.02 MeV. In the same region arima’ oredicts the yrast J = 8 at
+ s

11.2 MeV, and two states with J = 6. - The & state predicted by

Arima4), at ~ 11.7 MeV could be associated with one of our
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12)

suggestions: at 11.64 MeV or 11,74 Mev. BRBroude et al. observed

a level at 11.1 MeV for which has been assigned 6, 7 or 8.

Above 12,00 MeV of excitation- energy there is no other
experiméntal data for high spinh states available in the literature.
in this‘case our results-can-be compared only with theoretical
predictions.

As can be seen in fig, I0, the second F = 8 is predicted

by Wildenthal® 4

at 12.6 MeV and by Arima at 12.1 MeV; in the
present work the second spin J = 8 was observed at 13.00 MeV ex-
citation energy.

From 12,00 to 13.00 MeV in excitation energy we observed
a number of lévels,but spin assignments were not pogsible for all
of them due to fitting problems arising from the superposition of

peaks. - For the peaks we could analyse, we assigned two spins

J =6, at 12.17 and 12.33 MeV, and two spins J = 7 at 12,04 and

12.39 MeV. The level at 12.04 MeV, J = 7 observed in this work
5)

could be assbciated with Wildenthal's prediction of a spin 7t

at 11.9 MeV excitation energy. The predictioﬁs of Arima et al.4}

for this energy interval do not show a perfect agreement our

observationss apart from the J = 8 at 12.]1 MeV mentioned above,

he suggests a spin J = 6 at 12.95 MeV and a spin J = 5 at 12.8 MeV.
Above 13.0 MeV excitation energy, most of the 22Ne

high ‘spin states observed in the present work cannot be compared

even with theoretical predictions which are very rare.

5) predicted a I" = § state at 15.5 MeV

4)

Preedom et al.
and I" = 107 state at 16.35 MeV excitation energy. Arima et al.
found'a 9 state at =% = 14.5 MeV, and 15.6 MeV for the 107 state
that would lead to a predicted backbending in the 22Ne yrast line.

This last prediction has been confirmed by the present work
E ¥ S :

{I* = 10 at E* = 15.46 MeV), The first I = 9 gtate is suggested,
at 17.7 MeV. However this transition correspond to a doublet.The
fit of the shape and magnitude of the angular distribution

indicated a [9 + (4,5)] doublet.

V. THE 22Ne §TRUCTURE

In contrast to heavier nuclei, very reliable nuclear
structure calculations are availablelr4r) for s-d nuclei, and can.
be-applied in the description of experimental eveidences. Very
important features are related to the behavigur of these nuclei
under strong centrifugal and Coriolis forces during fast rotational
conditicns leading sometimes to. phenomena like backbkending ete..

This mass region is best suited for the confrontation of the complete-
microscopic~shell-model calculationg with the macroscopic descriptions,
i.e, the Strutinsky procedure.

The lack of systematic experimental information in

224 did not allow to establish a clear and acceptable descriptién

of the 22Ne structure as it has been made in the cases of 20Nelo),

22Na35}, 23y,37038) g 2”Mglo’ll). Therefore, the comparison of
the present results with the predictions of all the available
medels of s-d shell nuclei can bring a better understanding of the
behavicur of these light nuclei under fast rotation.

The first important feature observed in the 22Ne yrast
line, is the backbending, around spin 8§, prgviously reportedl4),

and depictad in fig. 11. The thecretical shell model predictions

for tha 22Ne are presented in fig, 10 whereas the results of the
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application of the Strutinsky procedure to 22Ne are shown in fig,
12t

The first important ppint we would like to discuss is
the drastic increase of the moment of inertia of 22Ne when compared
to 2Ne (see fig.ll). This difference is larger by much more than
can be accounted for by a simple A5/3 scaling of the moments of

1

inertia. For the 67 state in 20Ne?§22 ~ 4,83 MeV  and a value

ofng_ ~ 5,67 MeV ! should be expected. However 3‘323 n 6,37 Mav !
valug has been obtained experimentally. It is intergsting to
notice that the experimental moment of inertia of 2I!Ne for the
15/2% gtate is » 5.65 Mev ' instead of  5.24 MeV ! expected from

a As/3 scaling. However the 5.65 Mev ! value is not in confiict
with the 22Ne moment of inertia constant value.

These results could be in conflict with the expectation
of a lower deformation for T = 1 nuclei (22Ne), wﬁen compared to
a T = 0 nucleus (20Ne). The experimental evidence could be ex-
plained in terms of a strong coupling of the first neutron to the
20Ne case, leading to 21We, with a higher polarization and
increasing substantially the moment of inertia. When a second
nautreon is coupled in, the pairing interaction does not allow a
drastic increase of 322 compared tof;ZI.

A similar interpretation has heen given by Grimmer
et al.'®! that describes the increase of ji with I (and u?),
for small values of I, in 22Ne as a consequence of the block-
ing effect, which reduces the possibility of pairing correla-
tions already for small values of I. He shows that the spec—
trum of 22Ne for I < 6 is governed by the strong decrease of
the pairing correlations, whereas for higher T the states
are merely uncorrelated. Such an antipairing effect is

believed to be responsible for the strong anomaly in the moments

- 18 -

of inertia for the high spin states, i.e., backbending of the
yrast line. Griimmer et al.l4) proposed that the slight decrease
of the moment of inertia between spins ﬁf and Bf is correlated

with a decrease of the quadrupole. deformation with increasing

"angular momentum, denominated antistretching., Still according

to them this antistretching is connected.with the low band cut-
off values in the s-d shell39f40)._

.This picture leads to a break-down of the clear ro-
tational behaviour which is possibly connected with the low band
cut-off values in the s-& shell,

For a typical s~d shell nucleus like 22Ne the number
of s~d shell configurations for J > 6 becomes noticeably smaller
than for lower J values and is only six for J = 106, which is ;hé..
maximum J value and therefore necessarily the end of the rotational

bangd in a microscopic description14!. As a consequence,the higher

rotational states near the band cutoff are not collective enocugh
te preserve the characteristies of a rotor and cccurs the anti-
stretching.

This description is somehow in ggreement'with the
reéults of the Strutinsky type calculations (see fig. 12),
performed by Mosel et alhl4)- The sharp minima with respect to g
deformations in the B-y deformation-energy surface show a drastic
antistretching effect mainly in 2%Ne up to spin 14, simultaneous
with the trend towards triaxiality. On the other hand, the
softness of the minima in the 8-y plane with respect to the ¥
deformation in contrast to the case of "good" heavy rotors explains
the experimental difficulties in defining excited rotational states
in 22ne.

mnother difference between 2%Ne and 22Ne observed in

o]

fig. 12 is correlated with a later approach to vy = -60° in the

22Ne case, corresponding to an oblate nucleus rotating around the
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symmetry axis. In this state’all’particles in the open s-d shell
are aligned: along the rotation® axis. - Naturally, this alignment
takes’ place later in 22Ne becausé of the two extra nuclei.

" Y In spite of the expected difficulties in defininé ro—
tational bands in 22Ne,the nuclear Shéil model, by means of residual
forces,has been able to induce strqng configurations mixings which

can.sometimes be interpreted as rotational motions.
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TABLE I - Averaged excitation energies obtained in the present

®
B (#ev)®

0
1.27457
3,3572%
4,4567%
5.1275%
5,336
5.365%
5.5232%
5.6413%
5.9090"

*
6.115

g'a B (Mev)P
U+
2* 1.28
gt 3.36
2t 4.46
2 5.14
1-!—
N 5.34
2
st 5,52
3t 5:i64
3" 5.91
2t 6.12
0+
6" }

6.31
4+

+

(2,3}
‘_' | R
R
5%

6.84
l+

J

2+3

6+4

2+1

<«ds /da>

work for 22Ne (energies indicated with asterisc where

used as references for energy calibration).

] y b
exp(gLAB#IB')S“b/SI).

1.10 .

1.87

12.39



*
E (Mev)?

7.0352%
7.341%
7.342%
7.406"
7.423"
7.470"

7.489

©7.644%

T7.664

7.72L"

7.924%
g.o81*
8.131*
8.162
8.382%
8.491%
8.548
§.592%
8,737
B.861
8.902
8.973%

2.040

38 & mewyP
1 7.05
(3,405
o+ 7.34
(1,3)°
5y 7.42
1 7.54
2% 1

7.64
2 f
3% 7.72
2t . 7.92
(z-4)* 8.08
2* 8.14

3
(37,49 8.38
2t 8.50
to-4*

8.58

3" 8.74
o-a)* 8.89
(0-3)"

8.97

J

5+3

443

4+3

5+4

) ' =} b
<do/dn>exp(BLAB=l3 ) {ub/sr)
1.69

8.63

1.48

1.95
1.90
1.74

5.38

3.50
9,39

8.52

B ev)®

5.0977
9.170%
9.223
9.250
9.325"

10.616"
*
10.750
10.654
10.920

11.193
11.267
11.435
11.464

11.51%

Ta

(lf3)—

3" g* (wey)y P

9.07

9.18

11.02
11.14
11.26

11.50

4+3

e i

(=)

wow

L |

~N =

6.94

26.34°

2.95

33.19



B ev)? .

11.578
11.686
11.746
11.752
11.886
11.52

12.04

12.0586

12.25

12.28

12.38
12.48
12,58

12.61

12.81
12.83

12.88

Il.64

11.74

11.87

12.04

iz.12
12.17

12.33.

12.39%

12.56

12.469

12.88
13.00

13.26

R

<do/an>,.

30 o
exp BLAB*13 )(”?/5*)

12.87

12.74

8.87

10.68
17.14

6.19
20.23
25.64

28.44

17.00

#*
E (MeV)?

14.07

15.400

15.6%0

ma

J

E* (MeV) b

13.47
13.72
13.79
13.88

14.03

14,13
14,23
14.34

14.42

14,54

14.60

14.69
14.84
14.91

15.25

15.35

15.46

15.57

1¢

6 b
<da/dﬂ>axp(eLABw13 ) (pb/sr)

30,77
8.28

16.87

21.31
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FIGURE CAPTIONS

Figure 1. Grazing Collision Picture for the 1!B({13C,d)22Ne reaction
using semiclassical expressions for yrast line and

grazing. angular momenta determinationll).

Figure 2. a) Typical spectrum obtained for the llB(13c,d)?2Ne

(E. . = 41.36 MeV; 0 = 139

LAB LAB
b) Typical spectrum obtained for the 13¢(llg . d4)22Ne

_ o
= 35 MeV; BLAB = 20.57)

{ELAB

Figure 3. Typical'fit.obtained with the peak-fitting progranm
72sPERY?) for the 113(13C,d)22Ne(9LAB = 5.5%) spectrum
(Uncertainties originated by the choice of different

polinomials for the background definition were taken

into account in the cross—section uncertainty).

Figure 4, Left: Partial cross-sections UJ{E*,I) for the population

of final states (E*,I =0,2,...,14) as a function

of compound nucleus angular momentum.

Right: Total-cross section ¢ (E*,I} as a function of

Jmax
the trunpation value Jmax'
g .
max
G (E¥,I) = L c_(B*,I}
-Jmax J=0 g

Fiéure:S._Angular distributions. anisotropy (R} predicted by

statistical model'calculations as a function of the final

- state angular momentum I, for different values of Jax”

Figure 6. a-f
Experimental angular distributions for the !1B(}3g,q)
and !3¢(1!B,d)22Ne reactions. Theoratical angular
distributions were calculated for several I values and
are presented with their correspondent x? values. Thick
curves correspond to I-values previously determined and

compiled in reference 22.

Figure 7. a) Left: x? of fits to the absolute angular distributions
by statistical model calculations as a function of the
spin of the final state (assuming singlets). The 6F
yrast state at 6.30 MeV has been fitted alsé together

with the unresclved 4+ state at 6.34 MeV.

b) Right: x? of fits to the shape of the angular distri-
butions by statistical-model calculations as a function

of the spin of the final state.

Figure 8., Effective number of channels {calculated with the code
STATIS) as function of the center of mass angle for

different spin final states.

Figure 2. Experimental level scheme cbtained from the present work

(?) and from the literature (R; ref. 10,24).

Figure 10. Theoretical level scheme base on calculations presented

in ref, 4{A); ref. 5(B}, ref. 10(C).

Figure 11, Effective moment of inertia plotted as a function of
the square of the effective rotational frequencies for

208e and 22Ne. C



Figure 12. Trajectories in the 8-v deformation energy surfaces

for yrast states in 2%Ne and 22We.
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