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“We stand on the verge of one of those exciting periods which occur in 

science from time to time. In the past few years, it has become 

abundantly clear that there is an urgent need for data on the 

properties and interactions of radioactive nuclei for use in nuclear 

astrophysics” 

   Willie Fowler, Nobel Laureate 

Experiments for  Explosive Nuclear Astrophysics  



Explosive H/He burning in Binary Stars 

Isaac Newton, Principia Mathematica (1666): ‘from this fresh supply of new 

fuel those old stars, acquiring new splendour, may pass for new stars’                                                       

http://www.ph.ed.ac.uk/~maliotta/teaching/movies/novae_accretion.mov
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The Hot CNO Cycles 
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H/He fusion reactions at stellar energies 

Reaction rate often dominated by a few   

resonances in Gamow burning window 



 15O(α,γ)19Ne reaction rate predicted to be dominated by 

 a single resonance at a CoM energy of 504 keV 

Key unknown - α-decay probability from  excited state at 

 4.03 MeV in 19Ne compared to γ-decay, predicted  to be ~ 10-4 



The 15O(,)19Ne reaction: the nuclear 

trigger of X-ray bursts 

Reaction regulates flow between the hot CNO cycles and rp process 

 critical for explanation of amplitude and periodicity of bursts 

http://asd.gsfc.nasa.gov/Volker.Beckmann/temp/neutronstar_burst2.mpeg
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Study of the 20Ne(p,2H)19Ne transfer reaction on the ESR 





Detector Pocket 

Si –telescope 

•2 x ~1mm ‘W’-type 
detectors 

•16x16 strips 
 

 



Particle ID plot for DSSD 
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fast α’s  



4.033 MeV 
3/2+ 

2.795 MeV 
9/2- 

A few hours of data from test run 

key resonant state clearly observed!  



Heavy Element Abundance: Solar System 

from B.S.Meyer, Ann. Rev. Astron. Astrophys. 32 (1994) 153 



Nucleosynthesis above Fe 

Fe 

Ni 

Zn 

Ge 

Se 

s-process:  tb<tn 

~50% 

tb>tn 

~ 50% 

~1% 

 



 Puzzle of the origin of heavy ‘p-nuclei’ – 

abundant proton-rich isotopes eg 
92

Mo and 

96
Ru                                              

 

Supernova shock 

 passing through 

O-Ne layers of  

progenitor star 



Arnould & Goriely Phys. Rep. 384,1 (2003) 

Predicted p-nuclei abundances compared to 

observed abundances 



Fully stripped 
96Ru44+ ions  

ions injected 
@ 100 MeV/u 
Reduced to 
~10MeV/u 

Gas Stripper 
 
 

Carbon Foil 
Stripper 
 

Study of 96Ru(p,γ)97Nb reaction with decelerated beams 

using the ESR storage ring at GSI 



Gas jet 

Particle detectors 

Pioneering new technique on ESR (Heil, Reifarth) – heavy recoils 

detected with double-sided silicon strip detector (Edinburgh)  

Position distribution of recoiling 

ions measured by DSSD 

σ(p,γ)= 3.6(5) mb 

New DSSD system being developed (Edinburgh/GSI/Frankfurt) 

 for use in UHV allowing p-process reaction measurements 

 in Gamow energy region on ESR (2014) and then CRYRING    



TSR@ISOLDE – RIBs injected directly at low energy 

Spokesperson: K Blaum (Heidelberg) 

Deputies: PJW (Edinburgh), R Raabe(Leuven) 

entire issue of EPJ 207 1-117 (2012) 
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ISOLDE site (west) side 

Proposed layout to fit the TSR at the west side: 

- Installation above the CERN infrastructure-tunnel 

 Proposal supported by CERN management  

24.6m 23.3m 

3m 



Abundances in novae ejecta 

J. José, M. Hernanz, C. Iliadis. Nucl Phys A, 777, (2006), 550-578  

1.35 MSun ONe nova 



Sensitivity to uncertainty in 30P(p,γ)31S reaction rate 

C. Iliadis, A. Champagne, J José et al., Astrophys. J. Suppl. Ser. 142, 105 (2002) 

30P(p,)31S 

Mass number 
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Presolar grains 

 Andrew M Davis. University of Chicago 

 

 

o Grains of nova origin are 

thought to have a large 
30Si/28Si ratio. 

 

o Abundance of 30Si is 

determined by the 

competition between the 
30P β+ decay and the 
30P(p,γ)31S reaction rate. 



Novae Nucleosynthesis  

 

30S 
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Known 31S level scheme 

 D.G. Jenkins et al, Phys. Rev. C. 72. (2005) 

o States populated by 
20Ne(12C,n)31S 

31S proton threshold 
 



4He + 28Si  31S + n 

fusion reaction 



Identification of levels in Mirror Nuclei 



30P(p,γ)31S reaction rate using new resonance data 



Galactic abundance distribution of the cosmic  

 γ-ray emitter 26Al 

INTEGRAL  Measured abundance 2.8(8) Solar Masses 

[R. Diehl, Nature 439, 45(2006)] 



Supernova Cycle 



Mg-Al Cycle 
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Hydrogen burning in Mg – Al Cycle        



Estimated 26gAl(p,γ)27Si Reaction Rate  

108 K 

However resonance strengths for critical low T 26Al burning 

regime in Wolf-Rayet stars needs to be determined 





MD1 

ED1 

Direct measurement of 26gAl(p,γ)27Si reaction on 

 188 keV resonance, PRL 96 252501(2006) 

lower energy resonances may play dominant 

role for destruction of 26Al burning in W-R stars 



 

Problem is that most reactions on key low energy 

          resonances cannot be measured directly 
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T1 )1J2)(1J2(

1J2

 Use transfer reactions to determine Гp for (p,γ) reactions 

 

 New high resolution study performed of the d(26gAl,p)27Al analogue 

    reaction using the Edinburgh group’s TUDA silicon strip detector 

    array on the ISAC II facility at Triumf (June 2012) 

 

NB exotic reaction since 26gAl has Jπ = 5+! 



        0  increasing excitation energy 
Astrophysically 

 Important 

Region 

150 MeV 26gAl  (CD2)n target 

Ibeam~ 5*108 pps 

proton 
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New technique for (d,n) studies of (p,γ) resonance strengths 

with GRETINA gamma-array and S800 spectrometer  

 PJW, H Schatz et al, NSCL, April 2013  

~106 26Al 30 MeV/u ions on CD2 target 

Measure σ(d,n)int  Гp for 

each key resonance 

http://www.nscl.msu.edu/~gretina/photo/20120615/full/24.jpg


Conclusion 

We are in a very exciting era coupling the properties and  

reactions of exotic nuclei with explosive nuclear astrophysics 

 

Need a variety of facilities, and new techniques and 

equipment, to address the most interesting scientific issues 

 

 

 

 

 

 


