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“resonance strength”

Er & J are most important



p = 2x10‐19 eV

?

1 mA p + 18O  1 event / 3x105 years
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Champagne and Pitt (1986)

E x
=8
01
4.
0 
±
0.
7

p = 0.12

 Well established techniques with stable beams

(3He,d) on stable targets to determine (p,) rates



Experimental approaches with 
exotic beams

• Challenges
– Beams are lower intensities and frequently contaminated
– Inverse kinematics limits resolution
– “Best” proton transfer reactions have difficult target/detector 

issues.
• (d,n) reactions

– (CD2) target are relatively easy to use
– Background from spectator C atoms
– Neutron detection difficult.  Groups avoid at all costs.

• (3He,d) reactions
– Localized targets of 3He hard
– 3He expensive
– d detection easy



18F(d,n)19Ne→15O+

 Laboratory: ORNL Holified Radioactive Ion Beam Facility
 Beam:  9+F18

 Energy 150 MeV 
 Intensity ~ 2 x 106 ions/s
 Run time 117 hrs

 Target: 716 g/cm2 CD2
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A. Adekola et al., PRC 83, 052801(R) (2011).



18F(d,n)19Ne→15O+

p (keV)



New technique for (d,n) studies of (p,γ) resonance strengths 
with GRETINA γ-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
strong resonances

slide courtesy of P. Woods



27Si gamma spectrum

A. Kankainen et al., Eur. Phys. J. A 52, 6 (2016).



17F(p,)18Ne

Need C2S to calculate DC rate.

17F(p,)18Ne strongly affected by unmeasured DC rate.
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Will use the 17F(d,n) reaction to measure the needed spectroscopic strengths.



17F(p,)18Ne 
reaction rate
S. Kuvin et al.

(d,n) proton transfer using ResoNeut

slide courtesy of J. Blackmon



n gated data

17F(d,n) at ResoNeut

slide courtesy of I. Wiedenhoever



– P. O’Malley et al.
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n?Start on n detection
Stop on delayed beam stop

2  flashes from beam on 
target and beam stop (i.e., 
the scintillator).

17F(d,n)18Ne at Notre Dame

17F

CD2

n

Neutrons detected in array of VANDLE 
plastic scintillators and U. Michigan 
deuterated Benzene detectors.
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– P. O’Malley et al.
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Time of Flight (arb. Units)

n gated

17F(d,n)18Ne at Notre Dame



17F(d,n)18Ne
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Excitation energies 
determined via n TOF.

Small interference from 16O(d,n).  
Will repeat with pulsed beam and 
greater statistics.



(d,n) or (3He,d)?
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d(17F,n) to 1.89 MeV level

(3He,d) on 17F at 5 MeV/u (d,n) on 17F at 5 MeV/u



16slide courtesy of C. Deibel



turbo turbo turbo turbo turbo turbo

large‐area Si detector array

high pressure 
laval nozzle 
(~75 m3/hr at 
STP)

HRIBF 
beam DRS

gas receiver



JENSA Constructed at ORNL
~100 m3/h gas flow 
handled by 
combination of roots 
blowers, turbo pumps, 
and multistage dry 
pumps.

Final compression performed by 
industrial compressor.

beam

jet

Targets densities of 
1019 atoms/cm2 = factor 
of 10 greater than 
previous targets 
achieved.



JENSA now installed at ReA3



Conclusions/Questions

• Are we wasting out time?
– Are proton-transfer reactions a reasonable alternative to direct 

(p,g) measurements?
– Do we need full angular distributions?
– Are angle-integrated cross sections enough?

• Is there a preference (d,n), (3He,d), etc…?
– Is the theory sufficiently developed?
– How do we do it?

• What else needs to be measured?
– Is elastic scattering data needed?

• Help!
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