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Main s-process 
A > 90Sr

Weak s-process 
 < A <   60Fe 90Sr

Site: Low mass AGB stars during 
thermal pulses 

( )  1.3M⊙ < M < 8M⊙

Site: Core He-burning and C-shell 
burning in massive stars 

( ) M > 8M⊙



Where do the neutrons come from? 
Main s-process 

A > 90Sr

3

Weak s-process 
 < A <   60Fe 90Sr

Neutron source: Neutron source: 

13𝐶(𝛼,𝑛)16𝑂 

22𝑁𝑒(𝛼,𝑛)25𝑀𝑔

13𝐶(𝛼,𝑛)16𝑂 
22𝑁𝑒(𝛼,𝑛)25𝑀𝑔

22𝑁𝑒(𝛼,𝑛)25𝑀𝑔

(Dominant)

(Sub-dominant)



22Ne(α, γ)26Mg

22Ne(α, n)25Mg

28Si
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22Ne(α, γ)26Mg

22Ne(α, n)25Mg

28Si25Mg(α, n)28SiInfluences neutron-production 
for the s-process



Previous Measurements of   25Mg(α, n)28Si



Previous Measurements of   25Mg(α, n)28Si

T= 1GK 

Gamow window 



Previous Measurements of   25Mg(α, n)28Si

Major Drawback:

Measurements greatly hindered due to 

background  reactions on 
 present in solid targets

(α, n)

13C,10,11 B,17,18 O

T= 1GK 

Gamow window 



Experimental Details 



High Energy measurement: Secondary- -ray 
detection 

γ

Target thickness~  33μg/cm2
• 13   detectors from the HAGRiD array provided 

by Kate Jones at UTK.


• For   -ray angular distribution was 
measured at 7 angles in far geometry every 20 keV. 


• Angles symmetric about the beam direction


LaBr3

2.35 < Eα < 3.5 γ



Secondary -ray Spectrum  γ



Secondary -ray Spectrum  γ
Angular distribution of -raysγ

Angle intergrated cross-
section = 4πa0



 Cross-section from the high-energy measurement



Neutron detection with ORNL Deuterated 
Spectroscopic Array - ODeSA

Deuterated Liquid 
Scintillator

• Deuterated liquid 
scintillator detectors 
at , and two at 

 in close 
geometry to maximize 
efficiency.


• This low energy 
cross-section 
measurement covered

 MeV


•

55∘ 90∘

125∘

1.5 < Eα < 3.5



Pulse Shape Discrimination 

Deuteron recoils

Electron recoils



Neutron Spectrum Unfolding using: MLEM 
( Maximum-Likelihood Expectation Maximization)



Unfolded Neutron Spectrum  

25Mg(α, n1)

13C(α, n0)

11B(α, n0)

25Mg(α, n0)
17O(α, n1)



 Cross-section from the low-energy measurement



 Cross-section from the low-energy measurement



Preliminary reaction-rate



• New low energy-measurement of the  cross-section have been 
performed over the energy range  MeV. 


• Good agreement has been found with the previous data of Anderson et al. in the 
overlapping energy range. 


• The cross-section agrees well with the Hauser-Feshbach calculations.


• Have identified different background contributions which hindered previous 
counter meaurements. 


• The cross-section from the neutron measurement interpolated to get the 
preliminary reaction-rate. 

25Mg(α, n)28Si
1.5 < Eα < 3.5

 Summary
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