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The r process B2FH, Rev. Mod. Phys. 29, 547 (1957) ; A. Cameron, Report CRL-41 (1957)
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• The neutron-to-seed ratio determine how far the r-process can proceed.
• Astrophysical site with high neutron fluxes (e.g., neutron star mergers).
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Fission and r process Thielemann+(1983), Panov+(2005), Martinez-Pinedo+(2007), Beun+(2008),

Petermann+(2012), Eichler+(2015), Goriely(2015), Mumpower+(2018), Zhu+(2019), Wu+2019, Vassh+(2019), . . .

Cowan and Sneden, Nature 440 1151 (2006)

50 60 70 80 90

Atomic number

–12

–10

–8

–6

–4

–2

0

Re
la

tiv
e 

lo
g 
ε

CS22892–052
HD115444
BD+17°3248

CS31082–001
HD221170
SS r-process abundances

Figure 1. Final abundances of the integrated ejecta around the second and third peak for an NSM Korobkin et al. 2012; Rosswog et al. 2013 at a simulation time

10 s, employing the FRDM mass model combined with four different ssion fragment distribution models see the text . For reasons of clarity the results are
presented in two graphs. The abundances for Th and U are indicated by crosses. In the left-hand panel the lower crosses belong to the Panov et al. 2008 model
dashed line , while the lower crosses in the right-hand panel belong to the ABLA07 distribution model dashed line . The dots represent the solar -process
abundance pattern Sneden et al. 2008

Figure 2. Fission rates at 1 s in s for -delayed and neutron-induced ssion at freeze-out from equilibrium for one representative trajectory
when utilizing the FRDM mass model and Panov et al. 2010 ssion rates. : Corresponding ssion fragment production. The distribution model here is ABLA07.

The Astrophysical Journal, 808:30 13pp , 2015 July 20 Eichler et al.

Shaping abundances

M. Eichler et al., Astrophys. J. 808, 30 (2015)

J. Mendoza-Temis et al., PRC 95, 055805 (2015)
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M.-R. Wu et al., Phys. Rev. Lett. 122, 062701 (2019).
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The fission process

0 10 20 30 40 50 60 70 80
Q20 (b)

-2050

-2045

-2040

-2035

E
H

F
B

(M
eV

)

286Fl114

inner
barrier

fission
isomer

outer 
barrier

ground
state

E*

spontaneous
fission

neutron-induced
beta-delayed

photo-induced
fission

Potential Energy Surface V

Energy evolution from the initial
state to the scission point.

Collective inertias M

Resistance of the nucleus
against the deformation forces.

Pfiss =
(
1+exp(−2S [L])

)−1 → S [L(Q20)] =
∫ b

a
dQ20

√
M(Q20)[V(Q20) − E0]



Introduction Systematic of fission properties Fission and the r-process β decay and fission Conclusions

The Hartree-Fock-Bogolyubov (HFB) formalism
The ground-state wavefunction is obtained by minimizing the total energy:

δE [|Ψ⟩] = 0 with |Ψ⟩ =
∏

µ

βµ|0⟩ ⇒ βµ|Ψ⟩ = 0 ∀ µ .

The energy landscape is constructed by constraining the deformation of the
nucleus ⟨Ψ(q)|Q̂|Ψ(q)⟩ = q:

E [|Ψ(q)⟩] = ⟨Ψ(q)|Ĥ − λqQ̂|Ψ(q)⟩ .

To assess the systematic uncertainties on theoretical fission properties, 4
different EDFs are employed:

- Barcelona-Catania-Paris-Madrid (BCPM) Baldo, Robledo, Schuck, Viñas PRC(2013).

E = T0 + E∞
int + EFR

int + Es.o. + EC + Epair ;

E∞
int[ρp, ρn] =

∫
dr⃗

[
Ps(ρ)(1 − β2) + Pn(ρ)β2]

ρ ,

with Ps and Pn polynomial fits of microscopic EoS in nuclear matter.

- D1S, D1N, and D1M Gogny parametrizations.
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1) Compute fission properties and binding energies using EDF.
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2) Calculate stellar reaction rates from Hauser-Feshbach theory.
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3) Obtain r-process abundances using network calculations.
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Systematic of fission barriers Bf

• Bf → stability against fission.
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• Bf trends qualitatively similar across different D1 interactions:
- Z > 94: systematic deviations ∼ 1–2 MeV → m∗/m ∼ 0.7 − 0.75.
- Z ≤ 94: deviations up to 10 MeV (but very high Bf ).

• BCPM Bf up to 5 MeV smaller for Z > 94 (m∗/m = 1).
• Location of the r process differ above N = 184.
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Systematic of Bf − Sn

• For Bf − Sn ≲ 2 MeV (n, fis) dominates over (n, γ).
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• Production of (super)heavy nuclei requires the overcoming of neutron shell
closure at N = 184.

• Production of superheavy nuclei more favored with D1M (r-process path
proceeds towards lower Z).

• Path towards stability interrupted by region of low fission barriers.
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Impact of fission on the r-process SAG et al., Phys. Rev. C 102, 045804 (2020)

• Dynamical ejecta: Ye ≲ 0.05; n/s ≈ 600
• Accretion disk: Ye ≲ 0.15; n/s ≈ 120
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BCPM: Giuliani et al. (2018); FRDM+TF:Panov et al. (2010); HFB14: Goriely et al. (2009).
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BCPM: Giuliani et al. (2018); FRDM+TF:Panov et al. (2010); HFB14: Goriely et al. (2009).
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• Dynamical ejecta: Ye ≲ 0.05; n/s ≈ 600
• Accretion disk: Ye ≲ 0.15; n/s ≈ 120
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Kilonova: BCPM vs FRDM+TF vs HFB14
Kilonova: EM transient produced by the decay of r-process nuclei.

• HFB14:
- Large accumulation of 254Cf due

to high fission barriers.
• FRDM+TF:

- 254Cf progenitors destroyed by
β-delayed fission.

• BCPM:
- 254Cf progenitors destroyed by

neutrons from fission.

SAG et al., Phys. Rev. C 102, 045804 (2020)
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Impact of β-decay rates on fission
• Impact of β-decay half-lives varies with the observable.
• We modified tβ

1/2 ≥ 3 s and study the impact on abundances and heating
rates.

120 160 200 240
A

10
7

10
6

10
5

10
4

10
3

Y(
A)

x10 slower
x10 faster
baseline

10
1

10
3

10
5

10
7

10
9

time (s)

10
4

10
6

10
8

10
10

10
12

10
14

10
16

he
at

in
g 

ra
te

 (e
rg

 s
1  

g 
1 )

sf
 decay
 decay

baseline
x10 slower
x10 faster

Fission heating rate sensitive to “slow” β-decay rates
(τβ ≳ few seconds)



Introduction Systematic of fission properties Fission and the r-process β decay and fission Conclusions

Systematic of β-decay rates

credit: Caroline Robin (U. Bielefeld)

• β-decay rates closer to stability show larger uncertainties → more
systematic studies are required (see also E. M. Ney et al., Phys. Rev. C 102, 034326 (2020)).
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Conclusions
• For neutron-rich ejecta, fission plays a crucial role during r-process.
• Global calculations of neutron-rich nuclei show large variations in the

predicted fission properties → (consistent) sensitivity studies are required.
• r-process abundances and kilonova light curve are strongly affected by fission

properties at N = 184 → KN window to exotic region?
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• Heating rates sensitive to competition between fission and β-decay at t ≳ s.
• Future work/needs:

- Sensibility studies exploring the impact of fission rates on
nucleosynthesis calculations.

- Systematic studies of β-decays half-lives and strengths crucial for
assessing uncertainties.
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Global calculation of fission nuclear properties

• Model assumptions → systematic uncertainties → impact on nucleosynthesis?
• Relevant physics close to stability ̸= relevant physics in exotic nuclei.
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• Systematic deviations close to stability could be compensated in exotic nuclei
(and vice versa) → global calculations from different models are required.
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(and vice versa) → global calculations from different models are required.
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