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Experimental Setup

How do stars explode? Results

Triton beam is produced 
at the National 
Superconducting 
Cyclotron Laboratory as a 
secondary beam using a 
16O primary beam from 
the Coupled Cyclotron 
Facility

16O8+ primary beam at 150 
MeV/nucleon from K1200 
fragmented on production 
target to produce tritons

Supernova 1987A As seen by the Hubble Space Telescope WFP Camera 2 
(background and insert, upper left).  Solar system elemental abundance 

distribution (H. Schatz; bottom overlay).
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The Solar Elemental 
Abundance Distribution

~55% of Fe-group abundance 
from e-capture in Type Ia

Heavy element peaks can be populated by decay 
of species produced during explosion

Production target: 
3526 mg/cm2 9Be

K1200

K500

A1900

3x106 tritons/s 
stably delivered to 
S800 Spectrometer

A1900 tuned to 4.8 T٠m 
rigidity to select 115 
MeV/nucleon tritons

Reaction Target Chamber

To beam 
switchyard

From beam 
switchyard

S800

Analysis Line

Dispersion-
Matching Mode

S800 Focal Plane 
Detector Suite

3He trajectory and 
energy measured in 
S800 focal plane 
then ray traced back 
to reaction target 
position using 
magnetic field map

Excitation energy 
of residual nucleus 
determined from 
outgoing 3He 
energy and 
momentum

Faraday bar current 
measured inside first 
A1900 dipole: incident 
flux, normalization for 
cross section

Retractable, thin counting 
scintillator immediately 
precedes target: measures 
incident flux, normalization 
for cross section

NSCL-CCF

Beam switchyard and 
Analysis Line transmission 
of tritons is ~60% with 
current optics

• Core- Collapse Supernovae
•e-capture strongly affects pre-collapse dynamics 
•e-capture modifies properties of the core
•nuclei of importance: pf and sdg shell nuclei 
(stable & unstable)

•β-decay important in later stage (n-rich nuclei)
•model dependence of rates (IPM, LSSM, SMMC) 
leads to large differences in stellar evolution

(t,3He) data (syst. error in overall scale 25%)
large-scale shell model KB3G interaction
large-scale shell model GXPF1 interaction

relevant temperature range at specific ρYe

Gamow-Teller Strength in 58Co via 58Ni(t,3He)
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•Type Ia Supernovae (accreting white dwarfs)
•e-capture controls isotopic composition
•e-capture constrains ignition density & burning front speed
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Analysis Methods

Multipole decomposition of 
angular distributions allows for 
identification of GT-states 
(ΔL=0).

Known GT-rates from β-decay
data can be used for strength 
calibration in Charge-Exchange 
reactions.

• Large fraction of weak strength 
in both cases lies in Gamow- Teller 
Transitions

• much more difficult to treat theoretically
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• Charge-Exchange experiments crucial for validating modern calculations of weak rates

Currently, the Supernovae explosion mechanism is not 
fully understood and models built to simulate them fail to 
produce explosions.  One major astronomical observable of 
supernovae is the nucleosynthesis output and it has been 
shown that weak interactions, particularly electron 
capture, strongly effect isotope production during late-
stage stellar evolution.


