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Gamma Ray Emitters
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Nucleus lifetime Emission Source
13B 862 s 511 keV CO Novae

ONe Novae
18F 158 m 511 keV CO Novae

ONe Novae
7Be 77 d 478 keV CO Novae

22Na 3.75 yr 1275 keV ONe Novae
26Al 1.0 Myr 1809 keV WR, CC SNe?
44Ti 87 yr 1157 keV CC SNe

60Fe 2.2 Myr 1173,1333 keV CC SNe
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• 18F is the leading candidate for satellite 
gamma-ray observation from Novae

• 18F(p,α)15O is the main nuclear physics 
uncertainty in 18F production

• Issues concerning l=0 resonances, missing, 
broad and sub-threshold resonances

• Recent data from TRIUMF and GANIL
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GK Per 1994 

Mask 
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!"

18F(p,α)15O in novae



The IoP one day meeting on Radioactivity in Astrophysics: 10 December 2010

Nuclear Physics: Options
Direct 

– Explicitly perform the reaction, 
1 event at a time

– Event rate very low at relevant 
temperatures
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Indirect 

– ‘Use’ nuclear physics to access 
experimentally challenging region

– But... issues: extrapolation, 
interference, structure differences...



Indirect: TRIUMF



TRIUMF



(Typical) TRIUMF set-up
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(Typical) TRIUMF set-up
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Thick Target Technique
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18F
1.5 MeV/A

Ecm ~ Ebeam

Ecm = 0

18F(p,p)18F

Yield is combination of Coulomb 
scattering and resonant contribution

Data cover wide range of energies

Detailed shape of excitation function 
contains required nuclear information

Beam Target Detector

CH2
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Thick Target Technique

17

18F
1.5 MeV/A

Ecm ~ Ebeam

Ecm = 0

18F(p,α)15O

Yield is from resonant contribution 
only

Data cover wide range of energies

Shape is simpler

Beam Target Detector

CH2
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Data
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ASM et al. PRC 79 (2009)

• R-matrix analysis
• Analysis based on (p,p) 

only would have been 
VERY different to that 
based on simultaneous 
(p,p) and (p,α)

• Deduce E,Γp, Γα, l, 
interference
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State at 1009 keV?
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...No state at 1009 keV!
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Broad l	 = 0	 state at ~1.5 MeV?
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S-factor after addition of new states 

Alternative S-factor 
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Broad l	 = 0	 state at ~1.5 MeV?
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Dalouzy et al. PRL 102 (2009) 162503

Ex=1573+6411=7984 keV
Γp =8+8-4 keV  
Γα = 34± 13 keV

Ex=7863±39 keV
Γtot =292± 107 keV

Use inelastic scattering
1H(19Ne,p)19Ne*(p)18F



Indirect: GANIL
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GANIL: Preliminary results
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18F(p,p) • More work needed
• Broadly consistent 

with TRIUMF data
• Confirms 1009 

keV resonance 
result

• Unclear regards 
1.49 MeV state
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GANIL: Preliminary results
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18F(p,α) • More work needed!
• Backgrounds clearly 

need to be better 
understood

• However... one 
might argue that 
there is ‘no room’ for 
the 1.49 MeV state...

Thesis work of David Mountford (Edinburgh)Pr
eli

mina
ry!



Direct: TRIUMF

Thesis work of Clare Beer (York)
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18F(p,α) in the Gamow Window
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Solution: 
Make a 
measurement at 
low energy 

250 keV

Key issue to be 
resolved: 
What is the cross 
section in the 
Gamow window?
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Thin target
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Kinematics work!
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Thesis work of Clare Beer (York)
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Rare event searches!
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Rare event searches!
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18F(p,α)15O

18O(p,α)15N

Two Ecm=250 
keV events! 

No background!!
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0.05 - 0.35 

Direct measurement: Results

The higher cross 
section interference 
possibilities are 
favoured by the 
new data
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Or...
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It could be we are 
seeing the 
contribution from a 
sub-threshold 
state...
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44Ti and Core Collapse 
Supernovae



Text
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Presolar grains

A grain from the Murchison Meteorite
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The Neutrino Mechanism

Wilson. (1985)



GANIL EEC March 11th 2010 12

44Ti production as a diagnostic

 Amount ejected sensitively 
depends on location of the 
‘mass cut’
 Material that ‘falls back’ is not 

available for detection
 44Ti yield a sensitive 

diagnostic of the explosion 
mechanism 

 Thus, very useful for models 
to make comparisons against

Timmes et al. (1996)
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Key Reactions 

 40Ca(α,γ)
 Recent from Nassar et al. (PRL 96 (2006) 041102) 
 Results from Vockenhuber et al. (PRC 76 (2007) 035801)

 Triple−α 
 Ubiquitous; not the focus here

 44Ti(α,p) 
 Sonzogni et al. PRL 84 (2000) 1651: Measured above 

Gamow window
 44Ti(α,γ)

 No relevant data
 45V(p,γ)46Cr 

 Interesting, no relevant data, hard...

DONE!

L.S. The et al. ApJ 504 (1998) 500
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44Ti(α,p): Sonzogni data

Note:  Astrophysical region is ~1-4 MeV
  Need to be able to access cross sections to <1 mb
  Accuracy of HFSM reduces at lower energies
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The ERAWAST Project
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• “Exotic Radionuclei from Accelerator Waste” 

• Nuclear Astrophysics, geophysics, medicine, industry, etc etc...

• 3.5 MBq presently available (~2x1017 ions); 20 ml 1M HNO3

 Hot Ti within SUPERNANOGAN?

 Impinge accelerated beam on to 4He gas cell / windowless gas 
target 

 Could consider making 44Ti target
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Reclaiming of 44Ti
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Proposals

44The IoP one day meeting on Radioactivity in Astrophysics: 10 December 2010
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ERAWAST workshop

29 Aug - 2 Sept 2011

PSI
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Rocket Science!
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30x better narrow line 
sensitivity
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Thank you


