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Evidence for a highly deformed band in 12C+1%0 breakup of 28S;
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The 60(1%0,2C1%0)« reaction has been studied at incident energies of 90 and 97 MeV. Sta&i mre
reconstructed over the excitation energy range 22—45 MeV, and the spins of six states, ranging flmm 9
17, were obtained from angular correlation measurements. A comparison of these breakup states with scat-
tering resonances indicates that some of the breakup states lie below the locus'8E#180 scattering
resonances, and may belong to a highly deformed band with a rotational parameter-¢&)(42V and a
bandhead energy d&,=(26.3+0.9) MeV.
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[. INTRODUCTION using the same reaction, obtained the spin of one state at an
excitation of 30.0 MeV in?3Si. Murgatroydet al. [20] saw
In the last decade much evidence has emerged for a linktates of excitation energies of 30-40 MeV via the
between the resonances observed in the elastic scattering HiC(**Ne,*?C'®0)a reaction, but were unable to resolve the
alpha-conjugate light heavy ions such ¥€+'2C and %0  states or to see any structure in the angular correlations.
+160 [1-3] and the excited states of the respective com- Freeret al. [21] investigated the reactions dfo at 80.5
pound nuclei seen in symmetric cluster breakup initiated viaMeV and 99.0 MeV with both?C and*®0 targets and found
various reaction§4—9]. Early breakup studies used inelastic evidence for a strong final state interaction to populate
scattering to excite the incident heavy ions and invarianbreakup states if*Mg and 22Si. For the 'C(1°0,*?C'’C)a
mass or resonant particle spectroscpp] to obtain the ex- reaction, the angular correlations féfMg determined the
citation energy of the states in the compound nucleus; thepins of four new states and, interestingly, these lay outside
spins of the states can also be determined using angular cdiand below the locus of the scattering resonance on the plot
relation technique$l1-14. A high resolution study of the of E, vs J(J+1). However, the yield for the
12C+12C breakup states of*Mg was carried out by Curtis °0(*°0,2C'%0)« reaction was a factor of 5 smaller, and
et al.[15] which indicated a close overlap between the enermost of the?C and 'O coincidences were shown to arise
gies, spins, and widths of the breakup states with those of thigom inelastic scattering from the carbon backing on the tar-
scattering resonances. A greater understanding of thget, followed by breakup of the excitetfO to °C+a.
breakup reactions was provided by the Harvey mgdél Hence, the excitation energy spectrum obtained #8i at
which led to predictions[9] that four-particle—four-hole 80.5 MeV showed only unresolved peaks and no yield was
(4p-4h transfer reactions were required to observe breakupbtained at 99 MeV. Further work by Shawcr¢&g] using
of 32S into %0+ 0. The Harvey rules were later shown to the *2C(**Mg,*?C'®0)®Be, ’Li(?*Mg,*?C'®0)°H, and
emerge naturally from a model using a two-center deformed®Be(*“Mg,'*C'°0)°He reactions, at 170 MeV, has deter-
harmonic oscillatof17]. Using the 12C(**Mg,'%0'0)a re-  mined the spins of two states, which, like the state observed
action, Curtiset al.[18] provided evidence for a highly de- by Freer[19], appear to lie below the boundary of the locus
formed dinuclear configuration if?S with a rotational pa- of the scattering resonancg23—25.
rameter which followed the trend of tH80+ %0 scattering The present work follows from the initial observations of
resonances. Freeret al.[21] and uses thé®0(*0,*?C'%0)« reaction at
The experimental situation for cluster asymmetric nucleienergies of 90 and 97 MeV to make new measurements of
such as?®Si is more difficult, because there is an increased'’C+ %0 breakup of states irf®Si using a lithium oxide
density of states for the breakup into nonidentical clustersarget and a detector array which was optimized for this
which form natural parity bands with both even and odd spirreaction. In Sec. II, the experimental setup is described, and
sequences. This demands a higher experimental resolution Sec. Ill some brief details of the analysis techniques are
for the states to be resolved. Bennettal. [9] first observed given, as well as a discussion of the results of the spin as-
breakup vyield to unresolved states iR®Si via the signments made using angular correlation techniques, while
12C(**Mg,**C*®0)®Be reaction, and later work by Frefdi9],  Sec. IV compares the existing and present measurements in
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the context of some theoretical models using the two-center (3
harmonic oscillator shell modg26,27] and the alpha-cluster 300+
model[28].
2504
Il. EXPERIMENT
2007

This experiment was carried out at the Australian Na-
tional University, Canberra. The 14UD tandem Van de
Graaff accelerator was used to accelerdi® ions onto a
Li,O (100 wgcm ?) target mounted on a?C backing 1007
(10 g cm ?), producing the reactioh®O(*°0,28Si)a with
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a Q value of —7.16 MeV. This leads to the breakup of the o1

8Si compound nucleus, with the observed channel being l . : ; "
12C+1%0 (Q=-16.76 MeV). Beam energies of 90 MeV 750 60 70 80 90
and 97 MeV were used. Energy (MeV)

The breakup fragments from the reaction were detected
by two gas-Si hybrid detectof@9] placed asymmetrically ~ FIG. 1. The total energy spectrum for tH€O(*°0,"*C**0)a
on either side of the optical beam line in the scattering cham€action atyeay=90 MeVv.
ber. AtE,..=90 MeV detector 1 was at a polar laboratory
angle of 21.4° and detector 2 was at 27.6°. Bfcam ) :
=97 MeV the angles were 30.2° and 23.6°, respectively. reasonable agreement with the measured experimental value

The detectors were placed asymmetrically about the beal‘ﬁf 2.2 MeVv.

axis so that the breakup fragments could be observed effi- Selecti_ng events Within th@gg.g peak ‘T"”OWS, the r'ejection
ciently at both beam energies. A0 is the heavier of the of any exit channel particles which are in their excited states.

two breakup products it will be projected at more forwardThe exqitation energyty) ‘.Jf the resonant nucleus can th_en
angles than the lighte}’C, thus requiring one detector at a be obtained from the relative energy of the breakup particles
forward angle to pick up thé®0 and the other detecting the (1Efe')1and the tWO'bZ%dp value Q1,=16.7 MeV for the
12¢. Itis still possible to record coincidences with the ions in “C+™%0 breakup of**Si) for the breakup reaction, i.e.,
'ghaesé).ther detectors, although the efficiency is lower in this E,=E,o+ Q. )

The hybrid detectors used in this experiment consist of a However, particles detected in the experiment may not
longitudinal ionization chamber, with a Mylar window, and a come from the?®Si resonant nucleus, but from the breakup
16-element position sensitive silicon strip deted®8SSD.  of other nuclei, leading to states created by the final state
They are similar to detectors used in other experimentsnteractions between the breakup and recoil particles. Plot-
[15,30-32 carried out by the CHARISSA Collaboration.  ting the relative energy between th&C anda nuclei against

the relative energy between thHéO and thea nuclei will
ll. ANALYSIS AND RESULTS produce spectra, such as that shown in Fig. 2, with horizon-
tal, vertical, and diagonal loci. The horizontal and vertical
R¥ci show final state interactions between the breakup frag-
ments and the recoil nucleus, which correspond to states in
160 and?°Ne. The vertical loci in Fig. 2 show states of 7.36,
10.50, and 15.69 MeV irf%Ne and the horizontal loci show
states of 8.83 and 13.16 MeV itfO. These correspond to
nown states in?™Ne [36] and 10 [37] that decay bya
emission. The diagonal loci are the final state interactions of
Q=(E;+E»+E ecoi) — Ebeam (1)  the two detected fragments, i.e., states'{8i. A gate, with
lower limits of 21.0 MeV inE,(*%0-a) and 16.5 MeV in
whereE; andE, are the energies of the breakup fragments E, (**C-a) (upper right quadrant in Fig.)2was used select

The final total energy spectrum, which is the energy of theonly those states which are found in tfSi nucleus, reduc-
three final state particles, reveals a peak, dendlgg,,  ing any background created by states in e and*°0
which corresponds to all three decay products emerging imuclei. The projection of the spectrum, within this window,
their ground states. Fdt,.,,=90 MeV the centroid of the onto thex andy axes is also shown in Fig. 2. Outside the
Qqggg PeakK is at (82.650.01) MeV which is in good agree- window the peaks correspond to the states seef@nand
ment with the expected value of 82.57 MeV. FBf.,m -Ne. However, inside the window the spectra are feature-
=97 MeV the centroid of theQyq, peak is at (89.87 less, indicating that there is no background from resonant
+0.01) MeV which is also in good agreement with the ex-states in*°0 or ?Ne, and thus this data should correspond to
pected value of 89.58 MeV. The total energy spectrum for 9Ghe decay of states iffSi. The excitation energy spectra for
MeV is shown in Fig. 1. A Monte Carlo simulatid35] of 283 at beam energies of 90 and 97 MeV are shown in Figs.
the reaction and detection processes indicates an energy resb-and 4, respectively. The dashed lines in Figs. 3 and 4

lution of 1.6 MeV/[full width at half maximum(FWHM)] in

(RPS technique was used, first proposed by RobE&s|
and developed by Rd&4]. This method is used to provide a
full kinematic reconstruction of breakup reactions.

The three-bodyQ value is defined as the difference be-
tween the kinetic energy of the reaction and the beam e
ergy, and is given by
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FIG. 4. Excitation energy spectra 6¥Si at Epeay=97 MeV.
The dashed line represents the Monte Carlo simulation of the effi-
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%t 90 MeV, is only weakly excited at 97 MeV, and no angu-
alpha for'%0+ 2C coincidences d,,, —90 MeV. The software r correlation could be obtained to confirm th_e spin assign-
window used to select the states#8i is the upper right quadrant. m'err]lt made” athQO MQV. These rapid Changes in thghspec;trum
The spectrum on thg axis shows the projection of these data to the wit a small change in energy are not consistent with a direct
left of the line at 21 MeV and the spectrum on thaxis shows the re_aCtlon mechanism which would produce smooth changes
projection above the line at 16.5 MeV. with energy, but suggest that these state; are popglated by
resonances in th&?S compound nucleus whial decay into
indicate the detection efficiency determined by the MonteStates in*Si.
Carlo simulation code. Indicated are the peaks where angular
correlations were taken and spin assignments found. These
states were at 30.27 and 32.87 MeVEt 5= 90 MeV and i ) ) ]
at 32.81, 34.50, 36.60, and 37.87 MeV &,cam ane a complete kinematic reconstruction of these data is
=97 MeV. A region centered on 39.01 MeV was also ana-2chieved, then the angular momentum of the state may be
lyzed atEp..=97 MeV. Figures 3 and 4 show that only extracted. To_do th'IS, an angular correlation technique is
one state aE,=32.87 MeV seems to be populated at bothUS€d- A two-dimensional plot of the anglg) between the
beam energies, despite similar efficiencies at the two enef€lative velocity vector ¢) and thezge.a.m axis is plotted
gies. The state &,=30.27 MeV, which is strongly excited 29ainst the emission anglé) of the “*Si in the center-of-
mass framg11-14. An example of this plot is shown in
: : : : Fig. 5 for the state at 32.87 MeV.

FIG. 2. Relative energy between each breakup product and th

Angular correlations

30.27 In the reaction*®0(*%0,*?C'%0)«, the two %0 nuclei in
150.0 | . the entrance channel have a spin of zero, sodfor0, the
excited 28Si nucleus will be in then=0 magnetic substate.
5 For this case the angular distributions of th€ and %0
£ decay products from a particular state will be described by
g 100.0 | . the square of a Legendre polynomial,
2 2
£ o |Py(cosp) 3
3 dordy '’ !
50.0 | :
where the order of the polynomidl) is the spin of the ex-
o cited state of the?®Si nucleus.
09, =5 <5 TR 50 At scattering angles away frori* =0 the 28Si nucleus
) S : ) : can be populated in other magnetic substates, with a variety
xcitation Energy (MeV)

of amplitudes contributing to the angular distributions. If,
FIG. 3. Excitation energy spectra 8Si atE,.,,=90 MeV. however, the contributions from nonzero magnetic substates
The dashed line represents the Monte Carlo simulation of the effivary slowly with scattering angle, the correlation becomes
ciency. shifted[38,39, so that
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FIG. 5. Plot of ¢ - for the state aE,=32.87 MeV atEpeam y
=90 MeV. The solid lines represert* =0 and ¢y=90°. The \l'
dashed line represents the angle of projection. J

1635 8o 70 o9, (S;gcievegao 156970 798 210
d’o 2 FIG. 6. Projection of thed* — ¢ spectrum for the state &
x| P cog y+ A ) ]|%, (4) - 0 X

de*dy =30.27 MeV onto theg* =0 axis atEye,,=90 MeV.

whereA ¢y=A 6*1¢/J andl; is the dominant angular momen-
tum of the exit channel, usually taken as the grazing angul
momentum.

If ¢ is plotted against*, a series of diagonal ridges is
typically seen in these data. At the intercept point on th
6* =0 axis the ridges will correspond to the maxima and
minima of the functior] P (cos)|?.

ame parity. The parity assignments for the peak at 32.87

eV are different at each beam energy. One explanation for
this is that a state of I1is populated at a beam energy of
Epear= 90 MeV, whereas aEy.,,~=97 MeV a different,

ut unresolvable, state of 12is populated. This would be
consistent with the ideas of compound nucleus resonances in

To extract the spin of the nucleus, the order of the Leg-szs' The quality of the projection @peqy=90 MeV ap-
endre polynomial is selected so that the periodicity of the?€ars 1o indicate that a unique spin is not sufficient to de-
peaks in the polynomial matches those of the ridges wheﬁCrlbe these data.
projected onto theg* =0 axis. The parity of the state will
then be given byr=(—1)’. Figure §a) shows the projec- 3°
tion of the ridges seen in Fig. 5 onto tl# = 0 axis.

The projected correlation for the state at 30.27 MeV is
shown in Fig. 6. In this case the projection of these data ontczo
the #* =0 axis, at two different angles, can be equally well
described byl=9 andJ=11. As these data are limited to a
narrow band it is not possible to produce a unique spin as-o
signment. The minimum atyy,=90° indicates a state of
negative parity which is also consistent with this assignment.
These assignments are in good agreement with that of Free,,
[19] for the same state.

The state at 32.87 MeV can be seen in the excitation
energy spectrum at both beam energies. However, angule
correlations produced different spin assignments at eacl
bombardment energy. AE,..,m=90 MeV a spin assign- 1o
ment of (11') was made and &.,,=97 MeV a spin of
(12%). The projection at each energy are shown in Figa) 7
and 71b), respectively. There are two possible reasons for
this discrepancy. Ambiguities will arise in the data due to the
small widths of the bands formed in the angular correlation ©4
plots, such as that in Fig. 5. The angular correlation can thus
be projected at different angles onto te=0 axis and thus FIG. 7. Projection of theg* — spectrum for the state d,
different polynomials can fit these data; however, as these-32.87 MeV onto theg* =0 axis at(a) Epean=90 MeV and(b)
data spand* =0, the spin assignments always possess th€,.,.=97 MeV.
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FIG. 9. Projection of thes* — ¢ spectrum for the state &,
=37.87 MeV onto thes* =0 axis atEy.,,=97 MeV.

single region, we can be confident that the angular correla-
tions are unaffected by the background spectrum under
the peaks, and do not affect the spins assignments listed in
Table I.

Table | summarizes the measured states for beam energies
. 0of 90 MeV and 97 MeV, respectively, with their correspond-
Many of the measured states were found to have widthg,q gpin assignments and widths. The Monte Carlo simula-

much larger than others. This could be evidence of unregan of the energy resolution in the excitation energy spec-
solved (possibly mixed-spindoublets. This results from the ., m yields a value of 206 keVFWHM) at E,=30 MeV

. . . 8 . . 4
high density of states iA°Si, where, unlike for thé"Mg or  ¢ongistent with the smallest values seen in this work. Also
S cases previously studied, both odd and even spin Stat%ﬁjoted is the grazing angular momentum of the entrance

can be observed in the asymmetric breakup channel. As athanne l4))- This is derived from the gradient of the ridges,
example, Fig. 8) shows the state at 34.50 MeV with Leg-

FIG. 8. Projection of thes* — ¢ spectrum for the state &,
=34.50 MeV onto thet* =0 axis atEye,,=90 MeV. (8 is the
projection when gating over the whole of the peak dbdis the
projection of the right side of the peak.

endre polynomials of order 13 superimposed. The minimum AO* ] J
at ¢,=90° indicates that the state is of negative parity, NP L (5)
which is consistent with a 13 state. However, the peak ol g

seems to be split into two. A software window on the right
side of the peak produced the angular correlation in Fig
8(b). This correlation, with a minimum a#,=90°, also
indicates a negative parity and is consistent with a state with,
spin (137). This assignment is in good agreement with those
of Shawcrosg22] for the same state. In addition, a spin
assignment of 16 (shown in Fig. 9 was also made for the
state at 37.87 MeV. s L
We have investigated the background to the excitation
spectrum by gating on all the regions between the visible
peaks. In onlyone region, centered aE,=39.01 MeV of
the spectrum aEpe,,=97 MeV, could we find a structured s
angular correlatior(Fig. 10 where there was no dominant
peak. A polynomial of order 17 has a good match with the
periodicity of the ridges, and there is a minimum &g
=90° indicating negative parity, so that a spin df 2
=(17") is tentatively assigned. One explanation for this
structure in the correlation is that it reflects a set of unre-
solved states whose spins must be 17 (or close to this o
valug. An alternative explanation is that the structure of the "3°©
angular correlation results from interference arising from
many overlapping states of different spins which produce a FIG. 10. Projection of theg* — ¢ spectrum for the region at
coherent pattern with the minimum at 90 °. Except for thiSE,=39.01 MeV onto thes* =0 axis atE,q,,=97 MeV.

wherel; (=14;—J) is the grazing angular momentum of the
exit channel. Tentative assignments are shown in brackets.
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TABLE |. States observed via tHEC+ 0 breakup of?8Si atE, .+~ 90 and 97 MeV, with correspond-
ing spins, grazing angular momenta, and widths. Values in brackets are tentative spin assignments. The
asterisk represents a possible mixed-state doublet.

Excitation energy J Epeam Lgi Width

(MeV) (h) (MeV) Previous work t) (keV)

30.27+0.02 9,11 90 8",97 [3] 21.39+1.82 798+ 66

(11 +1) [19]

32.81+0.04 (12) 97 22.58-1.69 854+ 163

32.87+0.02 (11) 90 19.39-1.31 942-78

34.50+0.03 (13) @ 97 12",14% [22] 26.00+1.82 1446-170°
(137)° 8%,10" [2] 26.00+1.88

36.60+0.06 (10) 97 12" [3] 22.89+1.82 293-123

37.87+0.04 16 97 11 [3] 23.63+1.40 892-433

39.01+0.06 (7 ¢ 97 25.66-1.96

&Vhen gating over all of the peak.
BWhen gating over the right hand side of the peak.
“‘When gating over a region centered on 39.01 MeV.

IV. DISCUSSION not be seen in the scattering studibscause the flux in those

The measured spin assignmefifsble ) show that there angular momentum states goes into fusjome are faced
is good agreement with both the scattering resonaf@a with two possibilities. Elther the breakup and resonance
and previous breakup datéld] for the state atE states are the same, Wlth_ the breakup result§ revealmg the
—30.27 MeV. For example, the spin assigned to the X34 5 rue spin-energy systematlc_:s,go_r the_ breakup is revealing an
MeV' state ('13) is in go,od agreement with that 0]; ntlrely.d|fferent structure ir’8si WhICh corresponds to a
X much higher deformation. A best fit to an assumed rotational
Shawcros$22]. However, the assignetivalues are greater

than those of the scattering resonance data for excitatio hand, through all the points, gives a moment of inertia of
-+ =
above E,=32.24 MeV. Figure 11 shows ak, vs J(J '}%2_5) keV: and a bandhead energy dE.=(26.3

. +0.9) MeV, which is shown in Figs. 12 and 13.
+1) plot for the present data, the previous breakup data, and A Zlumber of theoretical modelg predict the existence of

the scattering resonance data. At lower spins, many of thﬁighly deformed states if®Si. In the alpha cluster model

states seen in this present study are found within the env?’ACM) of Zhang, Merchant, and R4@8], a rotational band

lope of the range of the scattering resonances. Howevec’orresponding to a 41 deformation of tR&Si nucleus is
many of the assignments from both the present and the oth%r :

breakup data fall slightly below the; line for the scattering .bserved, which is gssomatgd with a minimum in the. poten-
data and at the lowest energy Ii(r%lit of the scattering reso'gal energy surface in the N|Isson—Strut|nsI§y calculauons of
nances. A similar result was obtained by Freeal.[21] for Leander_ and_ Larssc{_IZlO]. The ACM calculation gives a mo-
some s.tates in th&?C+ 12C breakup of2Mg ' ment of inertia for this band of (5141) keV and a bandhead
. ) : energy of 30.6 MeV. The rotational parameter for the ACM
Given that any states which are below tijglocus could

60.0 T

55.0

50.0 7
50.0

45.0

Excitation Energy (MeV)
N
(=)
o

Excitation Energy (MeV)
w
w
o

——— Grazing Ang. Mom.
250 [ — —- Range of Resonances
: <>Breakup Data [19]

30.0

—— ACM (4:1 deformation)
A Present Data (Confident)

¥V Breakup Data [22] ® Present Data (Tentative)
20.0 A Present Data (Confident) - Line of Best Fit
@ Present Data (Tentative) 20.0 1 . .
0.0 100.0 200.0 300.0 400.0
3%.0 100.0 200.0 300.0 400.0 JU+)
J(d+1)

FIG. 12. A comparison between the present data and the ACM
FIG. 11. A comparison between the present data and thealculations for a 4:1 deformation in th&Si nucleus by Zhang
breakup[19,22 and resonance dafa,3]. et al.[28].
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50.0

gradient. However, the ACM does not consider the possibil-
x ity of vibrational modes, and so we cannot eliminate this
e | explanation. The TCHO model does consider vibrations, but
00 ¢ its predictions do not agree with our data.
§
g 30.0 V. CONCLUSIONS
o = The breakup of®Si using the*®0(*%0,*2C'%0)« reaction
:% 200 (77 // 1 has been studied at energies of 90 and 97 MeV. At both
g # x Negative Parity energies excited states 1Si were identified and subjected
# A Proson bata Gonfdent) | to angular correlation analysis. A number of spin assign-
0o ® Present Data (Tentative) ments were obtained from the angular correlations, with con-
+ Line of Best Fit fident assignments of"= 16" at 37.87 MeV and either 9
0.0 , ‘ ‘ or 11" at 30.27 MeV. There is evidence of overlapping
0.0 100.0 200.0 300.0 400.0

e states for some of the observed peaks, which results in larger
peak widths and leads to tentative spin assignments for states

FIG. 13. A comparison between the present data and the twoat 32.87 MeV[J=(11",12")] and 34.5 MeV[J=(13")].
center harmonic oscillatd26,27). Only the state near 36.6 MeM=(10")] showed a mea-

sured width of 293 keV, close to that predicted by the Monte
calculation is in excellent agreement with that of 55 keV Carlo simulations. The higher spin states were shown to lie
calculated for two touching, sphericafC and %0 nuclei  below the grazing angular momentum in the entrance chan-
(compared to 119 keV for a spheric#Si nucleug. Figure  nel, and therefore cannot be seen in scattering resonances.
12 shows a comparison of this band trajectory with the By gating in the background between the peaks, we were
breakup states. The experimental data would indicate a bar@ple to confirm that the background did not produce angular
which is more deformed than a 4:1 deformed nucleus, sinceorrelations underlying the peaks, except for a region cen-
the gradient of the band is shallower. tered on E,=39.01 MeV in the spectrum obtained at

An alternative model of states i#Si was proposed by Epeam=97 MeV, where the correlation was consistent with
Baye and Heenef26,27] using the two-center harmonic os- a spin ofJ=(17"). It is uncertain whether this arises from
cillator (TCHO). This model predicts two bands each of both overlapping states witd=17 or constructive interference
positive and negative parity, with different bandhedsise  arising from the overlap of many states with different spins.
Fig. 13. While the negative parity bandheads are close to A comparison with both the alpha cluster model of Zhang
each other at~-21 and~25 MeV, the positive bandheads et al.[28] and the two-center harmonic oscillator shell model
are widely spaced at5 and~18 MeV, and these bands of Baye and Heenef26,27 shows that these models predict
merge with the corresponding negative parity bands at spidery different bandheads, but more importantly, the rota-
of J=12"; thereafter there appears to be a consistent sloponal slopes are predicted to be much steeper than the trend
of 90 keV, with alternating positive and negative parity indicated by the present data. A best fit line through the
states lying on the same locus. Some of the lower spin agentroid of the low spin states yields a rotational parameter
signments in this present work overlap the states produce@f (42+5) keV and a bandhead of (26:3.9) MeV, and
by Baye and Heenen, but like the alpha cluster model, thénay indicate a highly deformed band populated by the
predicted slope appears to be steeper than would be indicatégieakup of?®Si into *?C+*°0.
by the higher spin states between 35 and 40 MeV found in
the present work.

One possible explanation for our observation of a highly
rotational band could be the presence of vibrational modes The authors would like to acknowledge the support and
built upon one(or more rotational bands. In this scenario, assistance of the staff at the Australian National University.
vibrational stategof low spin) at the lowest energies com- This work was carried out under a joint EPSRC-ANU agree-
bined with high spin states of the rotational band at highment. N.l.A., R.L.C., G.K.D., AM., and M.S. would like to
energy could mimic the appearance of a band with a shallovacknowledge financial support from EPSRC.
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