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Reaction 
networks

Weak r-process: 𝑌𝑛/𝑌𝑠𝑒𝑒𝑑 ≤ 10−2 close to stability

slow β-decay𝛼, 𝛾 , 𝛼, 𝑛 , 𝑝, 𝛾 , (𝑝, 𝑛) reactions 

move matter toward higher Z

86Kr

J. Bliss+ 2017



Effect of (α,n)

𝑌𝑒 = 0,42s = 76 𝑘𝐵/nucleon𝜏 = 10 ms

MC27

2𝜎 uncertainties due to (𝛼, 𝑛) reactions

86Kr(𝛼, 𝑛)89Sr

Trajectories

4, 5, 7, 8, 13, 14, 15, 16, 

20, 24, 25, 33, 34, 35

Z

38-42, 44, 45, 47

J. Bliss+ (2020)



Problem at astrophysically 
relevant energies



Experimental solution?

96Zr(𝛼, 𝑛)99Mo

96Zr(𝛼, 𝑛)99Mo 

measurements

ATOMKI-V2 

potential

We need a LOT of 

measurements: 

• on relevant energies

• on relevant isotopes

G. G. Kiss+ (2021)



Relevant 
isotopes



Experimental solution?

96Zr(𝛼, 𝑛)99Mo

96Zr(𝛼, 𝑛)99Mo 

measurements

ATOMKI-V2 

potential

We need a LOT of 

measurements: 

• on relevant energies

• on relevant isotopes

Ongoing experiments:
▪ NSCL

▪ ANL

▪ Triumph

▪ ATOMKI

G. G. Kiss+ (2021)



Irradiation

MGC-20 cyclotron

Alternative: 
implanted target

Measured

SIMNRA

Experimental setup

α-beam

Implanted target

scattered 

beam

Si det.

Preliminary
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Activity measurement

86Kr(𝛼, 𝑛)89Sr

8,5 MeV β-spectrum
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Results and astrophysical analysis𝑇 = 3 GK𝑇 = 4 GK𝑇 = 5 GK
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Summary
Weak r-process

• Charged particle captures 𝛼, 𝑛 , 𝑝, 𝑛 , 𝛼, 𝛾 , (𝑝, 𝛾)
• 86Kr(𝛼, 𝑛) key reaction Cross section 

uncertain from theory

Results and astrophysical implications:

Factor of 10 uncertainty 

from theory
constrained 

uncertainty

Activation method:
• Gas target

• Implanted target

• Current measurement

• β-decay

86Kr(𝛼, 𝑛)89Sr



Thank you!

Peter Mohr

Fernando Montes

Arcones Almudena

Gábor Kiss

Fig.1: J. Bliss, A. Arcones, F. Montes and J. Pereira, J. Phys. G: Nucl. Part. Phys. 44 

(2017) 054003: 10.1088/1361-6471/aa63bd

Fig. 2, Tab. 1, Tab. 2: J. Bliss, A. Arcones, F. Montes and J. Pereira, PRC 101 (2020) 

055807: 10.1103/PhysRevC.101.055807 

Fig. 4: G. G. Kiss et. al, APJ 908, (2021) 202: 10.3847/1538-4357/abd2bc

https://doi.org/10.1088/1361-6471/aa63bd
https://doi.org/10.1103/PhysRevC.101.055807
https://doi.org/10.3847/1538-4357/abd2bc


Temperature 

dependence

J. Bliss+ 2017
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