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Indirect Methods in NA

• As LT mentioned on Monday, with IM we 
can have measurements at lab energies 
that allow us to estimate cross-sections at 
stellar energies.

• Most known/used IMs:
– Coulomb dissociation
– Breakup
– Transfer reactions (ANC method)
– THM
– Resonance spectroscopy



Resonance spectroscopy...



resonances

Hard road to measure 
resonances

Slide borrowed from M. La Cognata (Russbach 2018) 



Resonance spectroscopy



Resonance spectroscopy
• Any spectroscopic method that would populate 

the states in same CN:
• Determine location Er

• Determine resonance strength ωγ
– b-decay, b-delayed p-decay
– transfer reactions
– resonant elastic scattering
– etc...

• Difficulties:
• Find the appropriate mechanism to populate the 

resonance(s)
• Most difficult: determine the width (ωγ)



β-decay and β-delayed p-decay
• Can be used to study radiative proton capture 
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β-decay and β-delayed p-decay

• Problems...
– We are interested in low proton energies!!!!

• 100 keV - 1000 keV!!!
– Beta-background contamination
– Other experimental difficulties

• Improve exp methods and/or detectors
• Examples: 23Al, 31Cl, 35K (the TAMU experiments)



23Al

&
IAS in Tz=-3/2 nuclei
Isospin mixing
GT strength distribution

Explosive H-burning in novae
 - E=1275 MeV γ ray following the decay 

of 22Na predicted but not observed by 
gamma telescopes

22Na depletion in novae
23Al→23Mg* ═> 22Na(p,g)23Mg*
& 22Mg(p,g)23Al

bottleneck r. in novae
31Cl→31S* ═> 30P(p,g)31S*



MARS

Primary beam 24Mg @ 48A MeV – K500 Cycl
Primary target LN2 cooled H2 gas p=1.6 atm 
Secondary beam 23Al @ 40.2A MeV 

24Mg 48A MeV

Purity: 90%, or >99% after en degrader
Intensity: ~ 4000 pps
First time - very pure & intense 23Al

23Al 40A MeV

In-flight RB production

(p,2n) reaction



23Al - Si "sandwich" setup

• Si-setup



23Al



23Al - Si-setup



23Al - AstroBox "1.0" setup

• Astrobox1-setup







23Al - AstroBox 1 - results

• Astrobox1-result



23Al - comparison between Si and AB 1

 Can go to Ep~80 keV
 Good peak separation
 Very sensitive – clear results 

within just ~2 hrs of statistics



23Al

More AstroBox(es)...
(or go bigger)



23Al - AstroBox "2.0" setup









23Al - AstroBox 2 - results



23Al - AstroBox 2 - results

137.4  266    448.3  588     881.6



31Cl - motivation





31Cl - Si - results



31Cl - AB 2 - setup

*Antti Saastamoinen, Nuclear Physics in Astrophysics 8, Catania, Italy. June 22, 2017



31Cl - AB 2 - results

*Antti Saastamoinen, Nuclear Physics in Astrophysics 8, Catania, Italy. June 22, 2017



31Cl - Comparison between Si and AB 2

*Antti Saastamoinen, Nuclear Physics in Astrophysics 8, Catania, Italy. June 22, 2017



Went even an alpha higher...





35K





AstroBox2E(uropean vers) - status

# The chamber was built&tested to 
vacuum 10-5mbar
# 2 MicroMEGAS detectors
# Gas control system

# Finish the whole gas system
# Complete the electronics (few 
more modules)

• Detector system is being built at IFIN for use at 
facilities in Europe, specifically GANIL and 
ISOLDE




