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https://github.com/nuc-astro

Nucleosynthesis network Reichert et al. 2023
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Nuclear physics:
masses, beta decays, reaction rates,
fission (barriers and yield distribution)

Astrophysics:
density and temperature evolution: p(), T(¢)
initial composition (at high T: NSE = Y(Z,N) = f(p, T, Y,))
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R-process in ultra metal-poor stars
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R-process in ultra metal-poor stars
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o Kuske, Arcones, Reichert ApJ (2025)
Complete survey or r-process conditions
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Complete survey or r-process conditions

Parametric trajectories:

entropy and Y. at /GK, expansion time scale
(Lippuner & Roberts 2015)
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Complete survey or r-process conditions

Parametric trajectories:

entropy and Y. at /GK, expansion time scale
(Lippuner & Roberts 2015)
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Parametric trajectories vs. Simulation trajectories

Ye0

Ye. 0

0.3
0.2¢

0.1¢

0.01

NSM J1
NSM J2
NSM J3
NSM J4

'Y B X 2

NSM J5
NSM J6
NSM J7
NSM-DISK W1

NSM-DISK_W2
A NSM-DISK W3
* NSM-NDW M
B SN-NDW B1

-
N e e ——— iy ——

-
-~
d-q—-_———
+
~—a

0'Tg

So [ke/nuc]

6'1

L'E

o
©

[ N ey (0] -
w = (o)} w w
w
So [ks/nuc]

SN-NDW_B2
MRSN R1
MRSN_R2

-

MRSN_R3
MRSN R4

X MRSN_W

o ——
-

>
-
-

5000

Sp [kg/nuc]

log( p [g/cm?])

Kuske, Arcones, Reichert ApJ (2025)

Good agreement for over 98%

- Tracer

2f —-- Model
ol —— NSMJ1(d=0.23)
|~ NSM-DISK W1 (d=1.12)
2F = NSM Bl (d=1.67)
104 103 107 101 109 10?
t[s]
« solarr
o .
V4 3
A
\ i
—6 ! ;f v
|
-7 lJ.;gln..l.n;l...l\.1111111
80 100 120 140 160 180 200
A



. . Kuske, Arcones, Reichert ApJ (2025)
Comparison to observations

Solar system peaks: position and relative abundances
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Scaled log;,

Comparison to observations

Two components
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. , Kuske, Arcones, Reichert ApJ (2025)
Comparison to observations
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. , Kuske, Arcones, Reichert ApJ (2025)
Comparison to observations

Three components
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Supernova nucleosynthesis

—xplosive nucleosynthesis: O, Mg, Si, S, Ca, Ti, Fe Nuc.l?ar. statistical
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Core-collapse supernova: weak r-process

Neutrino-driven supernovae: elements up to Ag

Combine astrophysics and nuclear physics uncertainties

Motivation and support for experiments at NSCL, ANL, TRIUMF, ATOMKI

Bliss et al. JPG (2017), Bliss et al. ApJ (2018), Bliss et al. PRC (2020)
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Astrophysics uncertainties/variability Bliss, Witt, Arcones, Montes, Pereira (2018)

Steady-state model: all possible conditions and nucleosynthesis pattern in neutrino-driven ejecta
Based on Otsuki et al. 2000: study of 3 000 trajectories
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Astrophysics uncertainties/variability Bliss, Witt, Arcones, Montes, Pereira (2018)

Steady-state model: all possible conditions and nucleosynthesis pattern in neutrino-driven ejecta
Based on Otsuki et al. 2000: study of 3 000 trajectories
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Astrophysics uncertainties/variability

Steady-state model: all possible conditions and nucleosynthesis pattern in neutrino-driven ejecta
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Temperature [GK]

Bliss, Witt, Arcones, Montes, Pereira (2018)

Based on Otsuki et al. 2000: study of 3 000 trajectories

Four characteristic patterns
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Nuclear physics uncertainty

Path close to stability:
masses and beta decays known

oeta decays slow
- (a,n) reactions move matter to higher Z

Bliss, Arcones, Montes & Pereira,
J. Phys. G (2017)
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Sensitivity study

Independently vary each (a,n) reaction rate

between Fe and Rh by a random factor
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Sensitivity study: key reactions Bliss et al., PRC (2020)
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Sensitivity study: key reactions Bliss et al., PRC (2020)

Key reactions = large correlation + significant impact on abundance for several astro conditions

Reaction Z MC tracers

PFe(a, n) **Ni 39 — 42,45 34, 36

SFe(a, n) "'Ni 36, 37 3

Co(a, n)*°Cu 39-42, 45 20, 34, 36

Co(a, n) ™*Cu 36, 37 3

"Ni(a, n)""Zn 36-42 2.3,17,18,32

T*Ni(a, n) °Zn 36-42 2,3,18, 32

Cu(a, n) °Ga 47 35

TCu(a, n)*Ga 37 3

27n(a, n) °Ge 39-42 36

°7Zn(a, n) ”Ge 36, 37-42 2,3,17, 18,32

B7n(a, n)®' Ge 36, 3742 2,3,17, 18,32

P7n(a, n)¥2Ge 36, 37-42 2,3,18, 32

807n(a, n)¥Ge 36, 37, 39-42 2,3,18, 32

SlGa(a, n) *As 36, 38, 39, 41 17, 32

BGe(a, n)®'Se 39-42 36

0Ge(a, n)*Se 36-39, 42 28,33, 36

2Ge(a, n) ¥ Se 36-39, 41 11,17, 19, 27, 28, 33

3 As(a, n) %°Br 36, 37, 41 11,26, 27, 28, 33

$4Se(ar, n) ¥Kr 36-42, 44, 45 2,.6,7,8,9,10, 11, 18, 19, 20, 22, 23, 24, 26, 27, 28, 29, 30, 31, 33, 34, 36
85Se(ar, n) B¥Kr 36-42, 44, 45 2,.6,7.8,9,10, 11, 18, 19, 22, 23, 24, 26, 27, 28, 29, 30, 31
Br(a, n) *Rb 37-39 6,7,8,9, 10, 22, 23, 24, 26, 28, 29, 30, 31
"Br(a, n) ’Rb 37, 39 6,9, 10, 29, 31

BBr(a, n)’'Rb 39 26

oKr(a, n)*Sr 38-42, 44, 45, 47 4,5,7,8,13, 14, 15, 16, 20, 24, 25, 33, 34, 35



|dentity key reactions

Key reactions = large correlation + significant impact on abundance ratios Psaltis et al., ApJ (2022)

\]

45k

—
-
1.1 5.1

@)

Proton Number, Z
Qo
Ot

Qo
-
H—

O
logo(Beam Intensity)

DNO

Ot
[
o

Neutron Number, N



|dentity key reactions

Key reactions = large correlation + significant impact on abundance ratios Psaltis et al., ApJ (2022)
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Comparison to observations Psaltis et al., ApJ (2022

Abundance with uncertainties for several astro conditions — compare abundance ratios
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Comparison to observations Psaltis et al., ApJ (2022)

Abundance with uncertainties for several astro conditions — compare abundance ratios
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Comparison to observations Psaltis et al., ApJ (2022

Abundance with uncertainties for several astro conditions — compare abundance ratios
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Comparison to observations Psaltis et al., ApJ (2022

Abundance with uncertainties for several astro conditions — compare abundance ratios
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Comparison to observations Psaltis et al., ApJ (2022

Abundance with uncertainties for several astro conditions — compare abundance ratios
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Comparison to observations Kiss et al., ApJ (2025

ATOMKI experiment for 86Kr (a,n)8’Sr — one reaction enough to reduce nuclear uncertainty
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Nuclear physics uncertainties in the
weak and strong r-process

Complete survey or Weak r-process and R-process with
r-process conditions (a, n) reactions ab-initio nuclear masses
T=2ms
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Nuclear masses — neutron captures

Ab-initio masses from VS-IMSRG around N=82 (Miyagi et al., Phys. Rev. C 2022)
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Ab initio masses and nucleosynthesis

Lower S, matter tlows slower (N=86): higher 2nd peak

Slower evolution: lower abundances beyona
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Ab initio masses and nucleosynthesis

| e
Lower S, matter flows slower (N=86): higher 2nd peak
Slower evolution: lower abundances beyona Jacobi et al. MNRAS (2024)
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Ab initio masses and nucleosynthesis

Lower S, matter tlows slower (N=86): higher 2nd peak

Slower evolution: lower abundances beyona
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