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Abstract. The narrow [=170 keV) and high spin '&36") resonance in thé'Mg + #*Mg
reaction at Ey= 45.7 MeV has been associated with a hyperdeformelécular state ii°Cr.
Such a description has important consequenceshforrésonance decay into the favoured
inelastic channels. Through fragmantoincidence measurements performed ON and OFF
resonance using the PRISMA-CLARA array, we haventified the*Mg states selectively
populated: the 2and 4 members of the ground state band.

K eywords: NUCLEAR REACTIONS*Mg (**Mg, **Mg), Ecy= 45.7 MeV; measured
(fragment) ¢); deduced ON resonance selective feeding of'g 2* and 4 states.
PACS: 25.70.Ef, 25.70.Bc, 21.60.Gx, 29.30.-h

INTRODUCTION

For the®*Mg + ?*Mg reaction, striking narrow and correlated resmeastructures
have been observed previously in the excitatiorctfons of the elastic and low-lying
inelastic channels [1]. In our study, we have dedido focus on the resonance at
Ecv= 45.7 MeV, which is known to havé=B6' [2]. Despite the very high excitation
energy (~ 60 MeV) in th&®Cr composite system, this resonance has a narral to
width of 170 keV [2]. To determine precisely whishates in the inelasti¢'Mg
channels carry away the resonance flux, an expatjma the**Mg + **Mg reaction at
energies ON and OFF resonance, has been perforingde aLegnaro Tandem
accelerator using the PRISMA fragment spectromateociated with the CLARA
array.



The Experiment and its Analysis

The **Mg + ?*Mg reaction has been studied at the Legnaro XTUd&enusing a
Mg beam of 91.72 MeV for the ON resonance measumerued of 92.62 MeV for
the OFF resonance measurement. The target consiftadthin film of Mg (40
ug/cnf) deposited on a 1pg/cnf *2C backing. Thé*Mg fragments produced in the
reaction were detected and identified in the PRIS$8p&ctrometer [3]. The detection
angular range was 43°+ 5°, i.e inside a range wheenances in the studied reactions
have been observed previously [1]. T\heays emitted by the fragments have been
detected in coincidence using the CLARA array cosagoof 24 clover detectors [4].
In PRISMA [3], the fragments are identified in ZdaA and their velocity vectors are
determined. The fragment Z selection is illustratad=ig.1, which shows total energy
versus range measured using the PRISMA focal ptameation chambers.
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FIGURE 1. Z distributions of thé*Mg on?Mg and**C reactions obtained in the PRISMA ionization
chambers.

In this spectrum, the fragments come from the feast*Mg on?**Mg and**C and
it is seen that thex—like **C, *°0, ®Ne, **Mg and ?®Si nuclei are preferentially
populated compared to the odd Z nuclei. This istdu@-value effects.
In our experiment, therrays emitted by the fragments have been deteated i
coincidence using CLARA. Thgspectrum in coincidence with the selectélg
fragments is shown on Fig.2. An accurate deternunatf the fragment velocity
vector in PRISMA allows a rather precise Dopplerrection of the corresponding-
ray energy spectrum. For a fragment velo@itgf 6%, a resolution of 0.6% has been
obtained for the 3—0"; *Mg transition with £E=1369 keV. In they spectrum on
Fig.2, the two predominant lines correspond to ¥g transitions 2,—0; with
E,=1369 keV and 4—2"; with E,=2753 keV, where the'qQ 2'; and 4; are the first
members of thé*Mg K™=0" g.s band. At higher energies, weaker lines arervbd



(see inset of Fig.2), they correspond to transitisith §,=3991 keV (6,—4";), 3867
keV (3'1—2"1), 4238 keV (2,—0"1) and 4642 keV (4—2";). The 6 level belongs
to the g.s band and thé,23"; and 4, to the®*Mg K™2" band. Looking at the
spectrum on Fig.2 and at the two strongest linesacomponents lying beneath the
narrow lines can be observed. They correspondctariactly Doppler correctegirays
emitted by the non-detectédMg of the Mg + ?*Mg binary channel. From thig
spectrum, it is already obvious that the inelashiannel is dominated by the selective
feeding of the 2, and 4; states irf*Mg. This point will be explicitly discussed in the
next section of the present article.

Results and Discussion

In order to determine which states in the inelasiannels carry away the resonant
flux, the yields of the correspondingray transitions have been measured ON and
OFF resonance energies. The ratio R of these yfelddifferent transitions and for
different Q-value gates is represented in Fig.3.cQirse, if R equals 1 there is no
resonance effect. The first gate on Q-value coomrdp to an inelastic excitation
energy between 1 and 4.6 MeV and thus tc*thig channels (2, 0%), (21, 2",) and
(4%1, 0'1). For both transitions’2—0"; and 4,—2"1, R equals 2 and thus both 2nd
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FIGURE 2. Gamma spectrum in coincidence withlg fragments.

4" states are resonant states, the strongest cdidribin this gate comes from the
(2*1, 2'1) channel. The second gate on Q-value correspands texcitation energy
between 4.7 and 7.3 MeV. For this gate, a resogidedtt is seen again in the yields of
the 2,—0"; and 4,—2"; transitions. In this gate, the main contributiormes from
the (441, 2'1) channel. The ratio R for'2-0"; is smaller than for 4—2";, this can
probably be explained by a weak feeding fi®/ states of the %2" band, which
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FIGURE 3. ON and OFF yield ratios féfMg transitions and for different Q-value gates.

will be shown later to be non-resonant. The thiaedegcorresponds to an excitation
energy between 7.3 and 11 MeV. As before, a resaféect is seen in the yields of
2"—0" and 4,—2";, in this gate the main contribution comes from ¢4, 4';)
channel. Finally the fourth gate corresponds toioh& excitation energy from 1 to 11
MeV. The 2,—0"; and 4,—2"; show strong resonant effects, the yields of tierot
transitions (see inset in Fig.2) are weak and msomant (R~1). For the ON resonance
measurement, the direct feeding yields of the difie*’Mg states have been extracted
and are represented in Fig.4. It is obvious thattie Mg excitation energy region
investigated in our experiment, th& 2nd moreover the*4play an essential role in
the decay of th&'Mg + “Mg resonance.
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FIGURE 4. ON resonance direct feeding of fii#lg states.



To put it in a nutshell, th&#'Mg + **Mg resonance decay flux is essentially observed in
the®Mg 4", and 2, states (present measurements) and also in thealhannel from
previous measurements[1,2], i.e. in the first thremmbers of th&*Mg K™=0" ground
state band. This is in agreement with the molecoiadel proposed by Uegaki and
Abe [5] to describe thé*Mg + ?*Mg high spin resonances, in which the collective
motions of the system are described in the rotatmatecular frame of the dinuclear
system. The important result that emerges from ¢hilsulation is the existence of a
potential energy minimum for the pole-to-pole cgafiation. This configuration has
the largest possible moment of inertia for two ting prolate?’Mg nuclei. The
identification of the observed resonance with tuefiguration (&°Cr hyperdeformed
molecular state) agrees with excitation, spin aedagt of the %36  resonance at
Ecw= 45.7 MeV. In this picture, the ground statslg rotational band and especially
the 0, 2" and 4 states play the dominant role in the descriptibthe resonance as
demonstrated in our experiment and in previous byX].

CONCLUSION

We have demonstrated in our experiment that theneeg flux of the*Mg + **Mg
J=36" resonance at dg= 45.7 MeV is essentially carried away in the istta
channels by th&'Mg 2*; and 4; states. It is known that for tf8g + **Mg reaction

the elastic and inelastic channels are ten times@er than thex transfer channels
and that all the direct reaction channels absohp 8006 of the resonance flux [2]. We
propose therefore in an upcoming experiment tockefar the missing resonance flux
in the *Mg(**Mg, 2a or ®Be)*°Ca fusion evaporation channels feeding the deformed
and superdeformed bands*fica. In the case of selective feeding, this woudy
establish a link between tA%r molecular state and tA&a superdeformed states.

REFERENCES

1. R.W. Zurmuihle et al., Phys. Lett. B129 (1983) 384.

2. AH. Wuosmaa et al., Phys. Rev. C41 (1990) 2666.

3. A.M. Stefanini et al., Nucl. Phys. A701 (2002)72

4. A. Gadea et al., Eur. Phys. J. A20 (2004) 193.

5. E. Uegaki and Y. Abe, Phys. Lett. B231 (1989)R8Jegaki, Prog. Theo. Phys. Suppl. 132 (1998) 135



