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C O L L A B O R A T I O N

✴ Nucleosynthesis work:  
Stephane Goriely & Ina Kullmann 

✴ NS-NS merger hydrodynamical simulation:  
Oliver Just, Andreas Bauswein, Thomas Janka, 
Ricard Ardevol-Pulpillo
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C O N T E N T  
✴ Introduction 
✴ Part 1: Dynamical ejecta including ’s 
✴ conditions and composition 

✴ Impact on r-process nucleosynthesis 

✴ Part 2: Dynamical + BH-torus ejecta 
✴ Nuclear physics input variations 

✴ Impact on r-process (& cosmochronometry)

ν
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Kullmann et al. 2021, MNRAS, 510, 2804 
Just et al. 2021, MNRAS, 510, 2820

Kullmann et al. 2022 arXiv:2207.07421
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T H E  R - P R O C E S S

• Synthesise ~50% of 
elements heavier than Iron 

• Short timescales (~3s) 

• Neutron rich environment 

• neutron-rich unstable & 
experimentally unknown 
nuclei 
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P A R T  1 :  D Y N A M I C A L  E J E C T A  
W I T H  N E U T R I N O  R E A C T I O N S

Kullmann et al. 2021, MNRAS, 510, 2804 
Just et al. 2021, MNRAS, 510, 2820
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H Y D R O D Y N A M I C A L  N S - N S  
M E R G E R  S I M U L A T I O N S  ( S P H )

Dynamically 
ejected material
∼ 10−3 − 10−2M⊙
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DD2 or SFHo EoS
 (or )1.35M⊙ − 1.35M⊙ 1.25M⊙ − 1.45M⊙
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H Y D R O D Y N A M I C A L  N S - N S  
M E R G E R  S I M U L A T I O N S  ( S P H )
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Time evolution 
…Ye, T, ρ, s

Merger remnant: 
HMNS or BH

DD2 EoS
1.35M⊙ − 1.35M⊙

See Ardevol-Pulpillo et al. 2019, MNRAS, 485, 4754 = ILEAS 
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A D V A N C E D  M O D E L I N G  O F  W E A K  
N U C L E O N I C  R E A C T I O N S  ( I L E A S )

Figure: Ardevol-Pulpillo et al. 2019

:        νe + n → p + e− Ye ↑
:        ν̄e + p → n + e+ Ye ↓ t=5ms

8(See Ardevol-Pulpillo et al. 2019 for details) 
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C O M P O S I T I O N  O F  T H E  
D Y N A M I C A L  E J E C T A

~800-4000 trajectories

Part 2

Kullmann+2021
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R - P R O C E S S  C A L C U L A T I O N S (animation)

SFHo   
(default nuclear physics input)

1.35M⊙ − 1.35M⊙

Kullmann+2021

Mass fraction

๏ Solar r-process

No fission recycling!
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Kullmann+2021

Part 2
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I M P A C T  O F  N E U T R I N O S ?

Kullmann+2021
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N U C L E O S Y N T H E S I S  R E S U L T S
Kullmann+2021
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H E A T I N G  R A T E  F R O M  
R A D I O A C T I V E  D E C A Y
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Alpha decay 
 Fission 
Z>83

Beta decay

Kullmann+2021
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H I G H - V E L O C I T Y  C O M P O N E N T

Kullmann+2021
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x,y

z

Kullmann+2021

Ye~0.34

Ye~0.29

Ye~0.25



P A R T  2 :  T O T A L  E J E C T A  &  
N U C L E A R  U N C E R T A I N T I E S

Kullmann et al. 2022 arXiv:2207.07421
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H Y D R O D Y N A M I C A L  N S - N S  
M E R G E R  S I M U L A T I O N S

Illustration: O. Just & A. Bauswein

Dynamical ejecta 
    (ILEAS 2019) 

+ BH-Torus  
    (Just et al. 2015)

Generally 
higher Ye
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N U C L E A R  I N P U T  V A R I A T I O N S
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nuclear input

2x SFHo Dynamical (ILEAS) 
+ 2x BH-Torus (Just’15)

r-process network 
calculations
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Only use global models that reproduce “accurately” 
experimental data 

Varied: 

✴ 6 mass models (rms<0.8 MeV) 

✴ 4 models for the -decay rates 

✴ 2 models for  rates: CN or CN+DC 

✴ 2 versions of the fission properties (barriers and fragment distr.) 

✴ (2 NLD & 2 SF)

β

(n, γ)

γ

N U C L E A R  P H Y S I C S  I N P U T
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Kullmann et al. 2022 arXiv:2207.07421
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Kullmann+2022
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- D E C A Y  R A T E Sβ

GT2= Tachibana et al. 1990 
FRDM+QRPA= Möller et al. 2003)  
TDA= Klapdor et al. 1984 
RMF+QRPA= Marketin et al. 2016  22

Kullmann+2022
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C A L C U L A T I N G   R A T E S(n, γ)
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Kullmann+2022

DC: direct capture 
CN: compound nucleus  
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F I S S I O N  B A R R I E R S   
( W H E N  D O  N U C L E I  F I S S I O N ? )

(and fragment distributions)

24

Kullmann+2022
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R E S U L T S  ( A L L  V A R I A T I O N S )

See Kullmann+2022 for details! 
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26

Kullmann+2022



I N A  K U L L M A N N ,  G S I  W O R K S H O P  1 9 . 1 0 . 2 0 2 2

R - P R O C E S S  A N I M A T I O N

Mass models BSkG2 (X1) v.s. FRDM12 (X2)
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W H E N  U S I N G  S I N G L E  T R A J E C T O R I E S …

Kullmann+2022
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H E A T I N G  R A T E S  ( B E F O R E  T H E R M A L I Z A T I O N )

Kullmann+2022
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C O S M O C H R O N O M E T R Y
Kullmann+2022
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C O N C L U S I O N S  N U C L E A R  
U N C E R T A I N T I E S  S T U D Y
r-process abundance: 

• span a factor ~20 (for A>90), but global shape preserved 

• actinide production varies by a factor of 5-7 

• the position, shape and width of the r-process peaks vary with nuclear 
model 

Heating rate 

• insensitive for t<0.1d, large differences in fission contribution at late 
time (t>10 d) 

Cosmochronometric ages:  

• Nuclear physics input give rise to an uncertainty of ~2 Gyr
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Thank you for the attention! 

Questions?
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B A C K U P

33
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S U M M A R Y  &  C O N C L U S I O N S

Part 1: 

• Impact abundances, heating rate 

• angular and velocity dependence 

• high velocity component 
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BH-torus

NS+BH

Dynamical

c)

g)
d)

e)
f)

Kullmann+2022
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