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Motivation



RAON

33

1그룹
KOBRA

2그룹
LAMPS

5그룹
μSR

3그룹
MMS

4그룹
CLS

6그룹
NDPS

7그룹
BIS

8그룹
Theory

• 핵구조연구
• 우주 열 핵반응 및 핵합성 연구
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r-process ?
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• Rapid neutron capture process

• High temperature (T>109K)

• High neutron density (𝛒n>1022cm3)

• Near neutron-drip line

• Reaction network with thousands of nuclear reactions

Ø Many of reactions are still uncertain!

• Very sensitive to the temperature and density trajectory of r-

process site

Ø Still candidate sites of r-process are under debate!



Related Nuclear Reactions
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40Ti 41Ti 42Ti 43Ti 44Ti

39Sc 40Sc 41Sc 42Sc 43Sc

38Ca 39Ca 40Ca 41Ca 42Ca

37K 38K 39K 40K 41K

36Ar 37Ar 38Ar 39Ar 40Ar

Possible reactions from each cell in the nuclear chart
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17C(n,𝛄)18C Reaction
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ref.) M.Heine et al. PRC 95, 014613 (2017)
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Introduction



Comparison with Experiment
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ref.) S. Shibagaki, T. Kajino, G. J. Mathews, S. Chiba, S. 
Nishimura, and G. Lorusso, Astrophys. J. 816,79 (2016)



Magnetohydrodynamic Jet
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ref.) S.Nishimura, et al., 
Astrophys. J. 642,410 (2006)

23 Trajectories



MHD Jet Trajectories 1
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Temperature and Density



MHD Jet Trajectories 2
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Temperature and Density



Clemson Code
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https://sourceforge.net/u/mbradle/blog/?page=4

https://sourceforge.net/u/mbradle/blog/?page=4


Extended Network
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The blue lines are already included in JINA-REACLIB database and 
the red lines are newly added or modified reaction rates.



r-abundance Results
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Averaged r-abundance
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Exponential Expansion Model
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<Temperature and density>

with constant entropy,

<r-abundance with different 𝛕dyn>

• 𝛕dyn=5ms : r-process upto
second and third peak

• 𝛕dyn=20, 100ms : weak r-
process upto A~130



Collision Timescale

17

𝜏 ),+
,- = 𝑛) < 𝜎(),+)𝑣) >

The collision timescale of (n,𝛄) reaction,

𝛕 means the mean time of collisions of (n,𝛄) reaction for the unit 
density of the isotope. 

The inverse of 𝛕 means the reaction rate per unit density of the 
isotope.

cf.) Typical meaning of the collision timescale is the mean time of 
collisions between two objects in the certain thermodynamic 
environment.
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Results



Sensitivity
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𝛂(𝛂n,𝛄)9Be x10 8Li(𝛂,n)11B x10

13B(𝛂,n)16Nx10



Sensitivity
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13C(𝛂,n)16O x10 14C(𝛂,n)17O x10

15C(𝛂,n)18O x10 16C(𝛂,n)19O x10



Sensitivity
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14C(n,𝛄)15C x10

17C(n,𝛄)18C x1016C(n,𝛄)17C x10

15C(n,𝛄)16C x10



Carbon Yield (MHD Jet)
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Exponential Expansion Model

23

<Temperature and density>

with constant entropy,

<r-abundance with different 𝛕dyn>

• 𝛕dyn=5ms : r-process upto
second and third peak

• 𝛕dyn=20, 100ms : weak r-
process upto A~130



Carbon Yield
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• 𝛕dyn=5ms : The production 
yield of 16C is larger than other 
carbon isotopes.

• 𝛕dyn=20, 100ms : The stable 
carbon has larger yield than 
others.



13C(n,𝛄)14C and 13C(𝛂,n)16O
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• For every 𝛕dyn , 13C(n,𝛄)14C 
reaction has shorter collision 
timescale than 13C(𝛂,n)16O 
reaction at the early of r-
process.



15C(n,𝛄)16C and 15C(𝛂,n)18O
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• For only 𝛕dyn=5ms 15C(n,𝛄)16C 
reaction has shorter collision 
timescale than 15C(𝛂,n)18O 
reaction at the early of r-
process.



Summary
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• RAON will be a good experimental facility for r-process related 
study.

• We are testing the sensitivity of C,N,O related reactions and the 
sensitivity of each trajectories for MHD jet.

• The comparison among the collision timescale of various 
astrophysical reactions helps us to understand the r-process path.

• The different r-process path means that the importance of a 
nuclear reaction is different by the r-process scenarios.
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Thank you very much for 
your attention!!!!


