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TUNL overview

Four-university consortium

● North Carolina State University
● North Carolina Central University
● The University of North Carolina 

at Chapel Hill
● Duke University

Three accelerator facilities

● Tandem Accelerator Lab.
● Laboratory for Experimental 

Nuclear Astrophysics (LENA)
● High-Intensity 𝛾-ray Source (HI𝛾S)



Enge split-pole spectrograph

Beam Capabilities

● p,d (~ 1 𝜇A)
● 3He, 4He (~ 500 enA)
● 10 MV Tandem 

Accelerator
● High-resolution 

beamline (𝛥E < 1 keV)

Enge split-pole spectrograph

● 0.125 – 5 msr acceptance
● 1.5 T maximum field
● 0° and 180° capabilities
● 𝛥ρ ~ 0.3 mm (~ 10 keV for 20Ne(d,p)21Ne)
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Astrophysics program

Novae AGB Stars

Prantzos et al., A&A 149 (2006) 18

● Oxygen-sodium anti-correlation in globular 
clusters

● Hot bottom burning in AGB stars can explain 
sodium production

● Uncertainty dominated by 23Na+p 
destruction channels

● Nova explosions can produce
○ 𝛾 rays
○ Grains
○ + more

● These messengers provide tight constraints 
on nova conditions

● Nuclear physics uncertainties prevalent



Novae

● Nova models cannot explain 34S 
anomalies in nova grains

● 34S(p,𝛾)35Ar was purely theoretical

● 66 states populated (10 
astrophysically-important)

● Reaction rate uncertainty reduced by 
order of magnitude

● 18F(p,𝛼)15O rate needed for 𝛾-ray 
observations of novae 

● Unknown interference effects 
dominate uncertainty

● Determined spin-parity of key 
sub-threshold state

● Factor of 2 uncertainty reduction



AGB Stars

Also: 
Marshall et al., Phys. Rev. C 102 (2020) 024609
Marshall et al., Phys. Rev. C 104 (2021) L032801

● Sodium production in AGB stars can explain 
sodium-oxygen anticorrelation in globular clusters

● Extracted energies and C2S for key states
● Reaction rate factor of 

2 higher than previous
● Low-energy states under

analysis -> direct capture



Upcoming upgrades

Ion source upgrade Auxiliary detectors

● TORVIS H/He injector
○ 5x more hydrogen
○ 10x more helium
○ Stability upgrade

● SNICS-II
○ Target implantation
○ Heavy beam capabilities

● Silicon detectors to 
measure decay 
branches in 
coincidence

● 𝛾-ray detectors 
(CeBr3) for decay 
schemes

● DAQ development complete
● Detector characterization underway
● Requires stability improvements associated 

with ion source upgrade



Summary

● TUNL’s Enge split-pole spectrograph nuclear 
astrophysics program 

● Beam-on-target since 2016
● In “production mode”
● Upgrades to ion sources, detector construction, 

controls, coincidence capabilities
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