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• Objectve: search for 12C+12C resonances ai ihe 24Mg exciiatons 15-18 

MeV and iheir full characierizaton: exciiaton energy, widih, spin, 

pariiy, partal decay widihs

• Two-fold reason: nuclear siruciure & asirophysical motvaton

Gamow window

                                     20 MeV

Eihr(n+
23Ne) = 16.532 MeV     

                                  
Eihr(α+α+

16O) = 14.044 MeV   

                              Eihr(
12C+12C) 

= 13.931 MeV Eihr(
1H+23Na) = 

11.692 MeV                              
                                                   
                     Eihr(α+

20Ne) = 

9.313 MeV

24Mg

Imporiani new resuli 
is even observaton of 
ihe 0+ or 1- siaie ai 
ihese exciiatons wiih 
promineni clusier 
siruciure bui noi 
exclusively decaying 
inio α+20Ne 

Motvaton
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The 13.1, 13.4 and 
15.8 MeV siaies 
have promineni 
α-clusier siruciure



• Y. Chiba and M. Kimura, PRC 91, 061302(R) (2015)

• antsymmeirized molecular dynamics combined wiih ihe generaior coordinaie 
meihod

The 24Mg ground siaie has signifcani clusier 
componenis  4He+20Ne and 12C+12C 
The 12C+12C confguraton coniribuies io ihe 
O2

+, O3
+, O5

+, and is ihe main componeni of

 ihe O8
+ siaie ai 15.3 MeV



SNIa:  0.5 - 1.2x109 K → Ecm=1.5-3.3 MeV → 15.4 – 17.2 MeV

Super-bursis: irigger of 12C igniton up io 2.5x109 K → 5.7 MeV
Massive siars:12C+12C fusion - whiie dwarf or heavy elemenis burning 
Super-AGB siars

Relevani reactons:    12C + 12C → 20Ne +  α, Q=4.617 MeV

                                       12C + 12C → 23Na +  p, Q=2.239 MeV  

V. Yu. Denisov and N. A. 
Pilipenko, Phys. Rev. C 81  
025805 (2010)

E. F. Aguilera ei al, Phys. Rev. C 73 
(2006) 064601
T. Spillane ei al, Phys. Rev. Let. 98
 (2007) 122501



Experimeni ai INFN – LNS

Coincideni deiecton of 2 (or more) reacton producis
12C + 16O → 4He + 12C + 12C         Q=-7.16 MeV      Eihr(

24Mg)=13.93 MeV

                → 4He + 16O + 8Be       Q=-7.37 MeV      Eihr(
24Mg)= 14.14 MeV

                → 4He + 20Ne + 4He     Q=-2.54 MeV      Eihr(
24Mg)= 9.31 MeV

                → 4He + 23Na + 1H        Q=-4.92 MeV     Eihr(
24Mg)= 11.69 MeV

 

16O 
 

12C 
24Mg 







- deiecied 24Mg siaies decaying inio 
20Ne gs (0+), 1si (2+) and 2nd (4+) 
 exciied siaie
- branching rato for some of ihe siaies
- prefered decay inio exciied siaie →
   high spin siaies
- no evidence for any 0+ or 1- siaie



20Ne+α resonani scatering experimeni

Beam energy

ihick gas iargei exp: ΔE-E ielescope ai 0 deg

The 24 Mg exciiaton energy specira from α’s in ihe ielescope

Specira for all pixels iogeiher



INFN - LNL Legnaro 2014
20Ne beam from PIAVE + ALPI faciliiy
LIRAS chamber
- enirance window: 2μm HAVAR foil 
- 4He gas iargei pressure up io 800 mbar 
- beam siopped before ihe 0o ielescope
- side deieciors: scatered α’s have low
energy + energy loss and siraggling in
ihe gas – unresolved resonances

beam

4He gas



Ex(
24Mg) vs θCM(α) for Zero degree ielescope daia

- from energy and angle of ihe deiecied α calculaied 24Mg 
exciiaton energy



Deiecior ielescope ai 0 degree: normalized io previous GANIL 
measuremenis and efciency correcied (±5o) daia for ihree 
beam energies (θCM(

24Mg)=177o)





Coloured windows mark pari of ihe exciiaton energy specirum 
free from inelastc coniributon for ihree beam energies
Ecm=Emax-Ex



R-mairix fi
• code AZURE2: R. E. Azuma ei al. Azure: An R-mairix code for 

nuclear asirophysics. Physical Review C 81 045805, (2010) 172

• inpui parameiers: energies and partal widihs of ihe siaies

• measuremenis of ihe 20Ne(α,α0) R. Abegg and C. A. Davis, Phys. 

Rev. C 43 6 (1991); ≈120 siaies beiween 12.5 and 18.5 MeV

Abegg & Davis 
specirum ai 168o

• daia iaken for 
16 angles in energy 
sieps of 10 – 15 keV



Abegg & Davis 
specirum ai 168o

Tokić ei al
specirum ai 177o

for Ebeam=44 MeV

convoluied by  
experimenial resoluton 

of 50 keV

Daia for inelastc and 
proion channel 

included if improve ihe 
fi, energies and 
spin/pariiy fxed, 

partal widhis are free 
parameiers,

52 siaies in ihis range



• improved fi: all siaies wiih widih   10 keV excluded, energies and 
spin varied in limiied range, inelastc-free pari of ihe specira only







Ex(
24Mg) (MeV) Jπ

14.016 1-

14.296 4+

14.470 3-

14.485 4+

14.674 2+

14.686 3-

14.700 5-

14.766 4+

14.884 1-

14.891 2+

14.938 1-

15.079 4+

15.236 4+

15.292 4+

15.306 2+

Ex(
24Mg) (MeV) Jπ

15.111 2+

15.3723 4+

15.543 2+

15.553 6+

15.637 4+

15.806 4+

15.833 4+

16.040 2+

16.115 3-

16.234 4+

16.375 2+

16.378 4+

16.382 6+

16.410 4+

16.553 6+

16.563 4+

16.751 5-

16.783 4+

16.818 6+

Ex(
24Mg) Jπ

15.416 4+

16.970 5-

17.057 7-

 17.097 6+

17.130  6+

 17.156 5-

17.331  6+

 17.496 6+

17.509  2+

17.534  4+

17.574  5-

17.584 3-

17.769  6+

17.773  6+

17.859  4+

17.910  4+

 17.984 5-

18.067  2+

18.152  6+

Ex(
24Mg) Jπ

18.154  7-

18.288  5-

18.445  6+

18.625  3-

Spillane ei al



Exciiaton energy 
specirum from 
Caiania daia
(≈200 keV of)

Exciiaton energy 
specirum from 
Legnaro daia for 
Ebeam=60 MeV



Receni experimeni  @LNL 

20Ne
beam

Havar 4He gas

- low gas pressure:  ai each beam 
energy ihe small range of ihe  24Mg 
exciiaton energy will be scanned -
much larger disiance in ihe gas
corresponds io ihe same exciiaton 
energy bin  
- boih scatered nuclei will be
deiecied in coincidence - improved 
reconsiructon of inieracton poini
- energy loss of α’s negligible, energy 
loss of ihe 20Ne will be calculaied 
from reconsirucied positon of ihe 
inieracton poini
Largely improved energy resoluton

- identfcaton of ihe weak decay 
channels by kinematcs

8 DSSSD 1000 μm 5 x 5 cm2

Beam energies: 48, 59 and 69 MeV -
corresponding exciiaton energies in 24Mg  
are 1.74, 3.72 and 5.50 MeV above ihe 
12C+12C decay ihreshold. 
Gas pressure (150 – 200 mbar) chosen io 
scan ihe 24Mg exciiaton energy specirum 
1.74 →0.0,  3.72 → 1.5 and 5.50 → 3.5 MeV 
above ihe 12C+12C decay ihreshold.

Angular disiributons measured in large CM 
angular range → essental io deiermine spin 
and pariiy by R-mairix calculatons



Summary

• a number of siaies decaying inio 20Ne+α ai ihe 24Mg exciiatons 14.0 - 
18.6 MeV have been observed and characierized using R-mairix fi 
for ihe frsi tme, bui no 0+/1- siaie found in ihe Gamow window for 
ihe explosive 12C+12C burning 

• iwo 1- siaies observed ai ≈14.9 MeV and ihe peak seen ai ihe same 
exciiaton in ihe 12C(16O,αα)20Ne daia 

• ihe 2+ siaie observed ai 16.04 MeV, possibly ihe same siaie is seen in 
ihe 12C(16O,αα)20Ne – ihe lasi measured poini in Spillane ei al.

• limiiatons of experimenial seiup efeci resonance characierizaton 

• anoiher approach: ihe 20Ne+α resonani scatering wiih ihin iargei & 
coincideni deiecton of boih collission producis

THANK YOU !
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