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 Resonances in ‘Light’ Heavy-lon Reactions

[ Resonance phenomena at energies from the CB to ~ 5 MeV per nucleon
Examples in the case of identical boson collisions:
12C+12C, 14C+14C, 160+160, 24Mg+24Mg, 28Si+28Sj

1 Observation in these systems is understood:
small number of open channels — Weak Absorption

IPHC F. Haasetal, Trento, May 2006
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Resonant Structures — Molecular States

- Experimental and complementary signatures in the DECAY

 Main fragment channels, width, spins
. Molecular states and deformed states
= Search for the gamma decay of resonant structures

= ButT, /Tis (very) weak: 10— 10"

IPHC F. Haasetal, Trento, May 2006



U o clustering in light nuclei

U o cluster band
— 160(12C+q), 180(14C+0a1), 20Ne(160+a), 44Ti(4°Ca+o.)
—Be and C neutron rich isotopes with 2oxn and 3axn configurations
W. Von Oertzen and the HMI group (dimers and polymers)
M. Freer and the Charissa group

 Our best examples of a clustering:

— 8Be(0*) at E, = 0.0 MeV

— 9Be(3/2-, 5/27) at E, = 0.0, 2.43 MeV
E2(5/2- — 3/27) : 24 W.u.

— 10Be(0*) at E, = 6.18 MeV

— 12C(0*) at E, = 7.65 MeV
E2(0* — 2*) : 8 W.u.

— 160(0%, 2+, 4*) at E, = 6.05, 6.92, 10.36 MeV
E2(2* — 0%) : 27 W.u., E2(4* — 2*) : 65 W.u.

IPHC F. Haasetal, Trento, May 2006



[ Clustering in heavier systems

 CN at high excitation energies but narrow resonance
(spreading) width of I' = 100-200 keV observed in the two most
remarkable examples: 12C+12C and 2*Mg+2*Mg

1 12C+12C : at the CB, low spin (0*-4*), at E (**Mg) ~ 20 MeV
24Mg+24Mg : at 2xCB, high spin (36*-38*), at E (*3Cr) ~ 60 MeV

d12C+12C — 24Mg case :
Radiative capture reaction 12C('2C,y)**Mg, gamma decay through
doorway states ...

24Mg+2*Mg — 48Cr case :
Resonances at high excitation energy in the CN, study of the fragment
and particle decay channels

IPHC F. Haasetal, Trento, May 2006



The 24Mg+24Mg reaction

= Excitation functions — resonant phenomena

in collisions

= Origin of the resonances

= Resonances <« molecular state in the composite

system

= Focus on the #Mg+2*Mg resonance

Jr = 36+
Ecy = 45,7 MeV
I'=170 keV

24Mg+24Mg ON and OFF resonance measurements
to study the decay into inelastic channels
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Reaction Mg + %*Mg

= Target : Mg — 40 ug.cm-2

= Beam : Mg at E, = 91.72 MeV (ON) and E_ = 92.62 MeV (OFF)
= [nelastic channels

= 24Mg fragments in PRISMA ( 6=43°t5")

» Gamma rays in coincidence in CLARA

!:ljeé F. Haas et al,, Trento, May 2006



Analysis of the experiment
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Gamma transitions observed in 24Mg

811 2+ 4+ E’Y (24Mg)
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Transitions observed in Mg
E, versus Q

Gate 1 E.,=1-4.6 MeV
Gate 2 E.,=4.7-7.3MeV
Gate 3 E,=7.3-11MeV
Gate 4 E,=1-11MeV
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Inelastic channel contributions to the resonance
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Direct feeding of the Mg states
2+ 4+ 6+

100
90+
80
70
60

Percent 50-
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1369 2753 3866 3991 4238 4641

Energy (keV)

» Resonance is seen in the 2%, 4" g.s band members and also in the 0* g.s (from other
measurements) .
In the inelastic channels, the 2*Mg + 2*Mg resonance flux is essentially observed in the 2* and 4*

of the Mg g.s band.

» This is in agreement with the molecular model proposed by Abe and Uegaki (Phys. Lett.231B
(1989) 28) to describe the 2*Mg + 2“Mg high spin resonances.

!j[e.ﬁ, F. Haas et al., Trento, May 2006



Where is the missing flux ?

40 — »Cacarizo calculations for J=36

30+

——The 20 fusion channel is strong

20

fusion cross section (mbarn)

N = New experiment: 24Mg(**Mg,2a.)*°Ca
36Ar K H0Ca 42Ca 43Sc ON and OFF resonant measurements

30, 20p 20 02p ip

= Link between 48Cr and 4°Ca

superdeformedlstates ‘LL% _ gé i%

= Molecular state in 48Cr is formed 24’ "* 24 i 11'1 @r
through the 2*Mg+2*Mg resonance Mg* 2Mg

superdeformed
1st experiment : Prisma/Clara 2"d experiment : Gasp/Euclides

IPHC F. Haasetal, Trento, May 2006
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«12C+12C cluster resonances in #*Mg
up to E, =50 MeV
C.J. Metelko et al., Phys.Rev. C68
(2003) 0544321

« Reaction 12C(160,12C12C)q,

* Dedicated equipment : Position
Sensitive Double-Sided Silicon Strip
detectors for multiparticle
coincidence detection

Trento, May 2006



The Resonant Radiative Capture Reactions

Radiative capture in light heavy-ion induced reactions:
detailed study for only the 2C+'2C and 2C+76Q reactions

The 12C(12C,y)?*Mg reaction

O Sandorfi et al.: Nal (~ 1980)
Resonances
Ey> 18 MeV

 Jenkins et al., (2000 - 2004)
Gammasphere (Berkeley) :
Decay of resonance not statistical
~ Feeding of K* = 2* band
&o\’q Feeding of states 10 MeV (*Mg shape isomers with 2C-12C structure ?)

N FMA (Argonne) :
Due to new decay channels : larger radiative capture cross-sections

IPHC F. Haasetal, Trento, May 2006



2CH12C and *CH1°O experimental stuidies

12C+12C(12.0, 13.4, 16.0 MeV ON-resonance) at DRAGON (Triumf, D.G. Jenkins et al., March 2004)
12C+160Q(20.7 MeV ON-resonance) at DRAGON (Triumf, S. Courtin et al., August 2005)
Solid enriched '2C targets (40 ug/cm?)
Energies ON/OFF resonance e
DRAGON + BGO array D>
What is the decay of the resonances ?

Is there a multistep decay feeding doorway cluster 2*Mg,28Si states ?

Competition between
20-25 MeV_____

Super deformed

24Mg,28Si

Hyper deformed
24Mg,288i

6QR-GDR ‘Multi-step’

IPHC F.Haasetal, Trento, May 2006



stuaies

Detector of Recoils And
Gammas Of Nuclear reacfions

Recoil Detectors Dipole

Final Focus Second Stage

Rox Magneti
/ g - Electrostatic

IC/PGAC
Stop

Magnetic

MCP Start | Dipole

D.A. Hutcheon et al., NIM A 498, 190 (2003).

= |ISAC | : RNBs / Stable (OLIS) = gas/solid target system
= 0° spectrometer = recoil detectors (DSSSD, ...)

= Tofon 17 m = BGO array (e =50 % @ 5 MeV)
= Beam rejection 1013
= Acceptance : cone %2 angle 20 mrad

IPHC F. Haasetal, Trento, May 2006
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2CH12C and *CH1°O experimental stuidies

12C(160,y)28Si

12C(12C,y)24Mg
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12C+160 and '°C+'2C, results of the Dragon experiment

~13 MeV
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Conclusions, future plans

Multistep decay of resonances dominant for both systems
24Mg(12C-12C), states around 10 MeV, (a+2°Ne threshold = 9.32 MeV)
28Gj(12C-160), states around 13 MeV, (a+2*Mg threshold = 9.99 MeV)

What are those states ? There are candidates in the litterature, i.e. unbound

low spin states with I'/T" ~ 1
Simulations of different scenarii under progress

A definitive answer concerning the identification of the doorway states
An experiment accepted at ANL (FMA + Gammasphere)
1 system (12C+12C) at 1 energy (6 MeV resonance)

It would be nice to have a new spectrometer with a higher acceptance than Dragon
and a y-array with high efficiency and a resolution of ~1-2 % (array of LaBr;(Ce))

We are on the way to clearly identify EM transitions between molecular
resonance states and cluster states !

IPHC F. Haasetal, Trento, May 2006

|||||||| ridinciplinaice
Hubert Cusn
STRASSCREC



Whatraheury=raystbetween cluster stales

=, .. . .-
ar Q=-Ey1.1 MeVQ=-6.0to—-7.5 MeV
M, =1

= Resonant Structures <~ Molecular States

120412
C+12C , > 12C+12C

On resonance
E2

<N\

—»12C+12C

Q value (MeV)

» Strasbourg-York (Haas et al.) Orsay Tandem
Ecuw = 16.45 MeV, 10 resonance,
E,(**Mg) = 30.5 MeV
Chateau de Cristal + PSSD
v-rays from 10* to 8* resonant states
r/I=(12%t 0.4)x10-°

What about #*Mg+24Mg, 28Si+28Sj ? e g e e o o e B B
10 12 14

<Q>=6.9 MeV E,MeV)

IPHC F. Haasetal, Trento, May 2006
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