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Abstract

The present proposal is to study the 12C(16O,24Mg(12C+12C)( reaction at a beam energy of  135 MeV and 160 MeV. These measurements should allow access to the 24Mg excitation energy spectrum in excess of 40 MeV, and provide an insight into the nature of the 12C+12C cluster states in this energy domain. It is proposed to use gas-silicon hybrid detector telescopes to coincidently detect the breakup products.

Introduction
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The origin of the resonances in 12C+12C reactions has been a long-standing problem. Since their discovery in the early 1960’s the resonances have attracted an astonishing amount of experimental and theoretical effort, indeed 24Mg is the most written about nucleus in terms of published articles. What is clear is that the resonances have a special origin and that they are closely linked to some kind of di-nuclear or cluster structure in 24Mg. And the picture that has emerged is one in which the cluster structure can be related to minima in the deformed nuclear potential. This was illustrated in the review article of Fulton and Rae [1] where particular cluster structures observed in the Alpha Cluster Model [2] were uniquely related to minima observed in the 24Mg potential energy surface, calculated by Leander and Larsson [3] in the Nilsson-Strutinsky framework (see Figure 1). This picture would suggest the deformed secondary minima would support a deformed rotational band, and that a sequence of resonances would be observed that possessed a common rotational structure.

However, the experimental situation appears to be substantially more complex, as illustrated in Figure 2. Here it is observed that there are many states for each angular momentum value, so rather than indicating a single rotational band a much more complex structure is suggested.

There have been attempts to describe this complexity in terms of rotational-vibrational couplings, where the nuclear molecule is allowed to both spin and oscillate [4]. However, two things mitigate against such a picture. First of all the widths of the resonances (~100 keV) are typical of the compound 24Mg nucleus [5] thus suggesting that the resonances are related more closely [image: image4.bmp]to the 24Mg ground state than might be expected. Secondly, it unknown in light nuclei to have such a complexity of states so close to the bottom of the potential.

[image: image5.bmp]The solution to this conundrum might lie in the example provided by the fission isomers. In this latter case the shape isomeric states were found to play an important role in the fission of several transuranic nuclei. Here the fission of the compound nuclear states was enhanced be coupling to shape isomeric states in a second minimum sited in the fission barrier, as schematically illustrated in Figure 3. In this case, the existence of a broad resonance located in the secondary minimum allows states of the same spin and parity to fission with enhanced cross sections. Thus the fission spectrum consists of a series of narrow compound nuclear levels modulated by the much broader shape-isomeric line shape. It is entirely possible that such an explanation may be applied to the 12C+12C resonances. The experiment that we propose here is designed to test this hypothesis. 

Experimental Measurements

It is proposed to study the 24Mg resonances via the 12C(16O,24Mg(12C+12C)( reaction. This particular reaction has been used successfully to populate symmetrically fissioning states in this nucleus previously. Using this reaction it has been possible to deduce the energy-spin systematics of the breakup states, and these are displayed in Figure 4. As with the scattering resonances the breakup states follow a J(J+1) rotational trajectory, with many states of the same spin, but confined within some locus (as indicated by the solid lines). However, at some point the trajectory of these states will cross that of the Yrast line, which has been extrapolated from the known lower spin states in this nucleus. This point lies just beyond the range over which the existing measurements extend. The present proposal is to extend the breakup measurements into the region where the 16+ states would be predicted to lie, as indicated by the grey box in Figure 4, i.e. >35 MeV. By extending the breakup data into this region we might expect several possible things to occur. Since in this region the deformed band would become Yrast, then there would no longer exist compound nuclear states at the same excitation energy and spin that can fission. So if the 12C(16O,24Mg(12C+12C)( reaction proceeds via the 24Mg compound nucleus then we would observe no further breakup. This would demonstrate that the narrow resonances that are observed are compound in nature. Alternatively, if the reaction is able to feed the broad resonances in the second minimum directly, then we should see a transition from narrow breakup states to broad ((~2 MeV) structures. If however we observe a continuation of the existing structures (i.e. narrow peaks) then this would invalidate the above picture. Interestingly, the inelastic scattering data of Cormier et [image: image6.png]o (mb)

160
140
120
100
80
60
40
20

S\

30
20
10

A\

800

600

1

!

1%

1

400

(10")

2y

l

(14%)

(18*) 27, gs.

10

15

20

25 30
E&mj(MeV)

35

40

45



al. [6] may provide evidence for the proposed transition. Figure 5 shows the resonances observed in the single and mutual inelastic scattering reactions, the energy at which the Yrast line cuts the breakup states is indicated by the vertical dotted line. It is noticeable that to the left of the line the resonances are fragmented whilst to the right they are not.

[image: image7.png]Counts

00

250

200

250

200

150

100

500

400

200

200

450
400
250
200
250
200
150;
100,

o

(a)

— 529

(b)

—94n

(c)

— 5%

-
6

I EEEEEEEEEEX]
E(My) Mev)




The present proposal is to study the 12C(16O,24Mg(12C+12C)( reaction at a beam energy of  135 MeV and 160 MeV (or the highest available energy for the 16O beam). The detectors to be used are gas-silicon hybrid detector telescopes, used to detect the two 12C nuclei in coincidence. The silicon elements will be 16 strip position sensitive detectors which will provide a measurement of the emission angle and energy of the detected nuclei, which taken with the energy loss information from the gas component of the detector may be used to uniquely identify the reaction of interest. Exactly the same detectors were used in the earlier measurements for this system shown in Figures 4 and 6. With a 12C target thickness of 50 (g cm-2 and a beam intensity of 5 pnA for a period of 2.5 days, based upon the pervious measurements we should be able to accumulate ~1000 counts per peak in the 24Mg excitation energy spectrum [7]. This would allow a definitive statement to be made about the existence of states in this higher excitation energy region and if they exist their spins to be measured. Figure 6 shows the previous measurements for beam energies 75, 85 and 115 MeV. It is clear that the excitation energy accessed increases with the beam energy. Using the 75 MeV and 115 MeV data as a guide we predict that the excitation energy window will be centred on 34 MeV and 38 MeV (with an acceptance of ( 5 MeV) for 135 and 160 MeV beam energies.


Beam Time Request

Based upon based experience, in addition to the two periods of 2.5 days of experimental measurements, one day will be required for the setting-up of the electronics and calibration of the detectors. Thus the table below summarises the request for the current measurement.

Beam Species
Beam Intensity
Beam Energy
Targets
Time (UTs)
Comment

16O
2 pnA
135 MeV
12C, 27Al, 197Au
3
Calibration and set-up

16O
5 pnA
135 MeV
12C
7.5
Experimental Measurements

16O
5 pnA
160 MeV
12C
7.5
Experimental Measurements

Thus, in total we request 18 shifts in which to perform these measurements.
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Figure 2. The energy-spin systematics of the 12C+12C resonances.





Figure 3. Illustration of the fission of compound nuclear states via an isomeric resonance.





Figure 4. The energy-spin systematics of the  12C+12C breakup states. The open circles are states with uncertain spin assignments. The extension of the Yrast line is shown by the dashed line.





Figure 5. Resonances observed in 12C+12C inelastic scattering [6]





Figure 6. Measurements of the 12C(16O,24Mg(12C+12C)( reaction at (a) 115 MeV, (b) 85 MeV and (c) 75 MeV





Figure 1. The relationship between the alpha cluster configurations and minima in the 24Mg potential energy surface.








