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• Les éléments – le processus r
• GW170817 et son kilonova
• Etoiles à neutrons et l’EOS



3. How were the heavy elements made?

precise origin 
of elements 
to uranium 
remains a 

mysteryNew elements 
Z = 113, 115, 117, 118
(see poster [136] by Z. Favier)



neutron-capture nucleosynthesis:
s process occurs in AGB stars
r process… supernovae?  NS mergers?



Masses define the limits of the nuclear landscape



known masses
r-process path

  decay path

 decay

one / two
-delayed
neutron decay

p-isotope
s-isotope
r-isotope

82Pb
81Tl

80Hg

72Hf
71Lu
70Yb
69Tm
68Er

79Au
78Pt
77Ir
76Os
75Re
74W
73Ta

84Po
83Bi

85At

neutron number N = 126

s
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-process path
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(Z = 82)

s : AGB stars
r : supernovae?  

NS mergers?
???
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Masses from 
Penning-trap
spectrometer 

ISOLTRAP
(cern.ch\isoltrap)

at ISOLDE
(cern.ch\isolde)

To model r process - nuclear physics must provide:  
masses, half-lives, spins, energies, fission barriers…

CERN



7J.-C. Thomas (GANIL)

En France, au GANIL (Caen):  SPIRAL2

http://pro.ganil‐spiral2.eu/spiral2/instrumentation/desir

2024 ->

2021 ->

Séance Parallèle 6.1 :
(vendredi 12/07 8h30)
SPIRAL2 et son 
programme scientifique
plus posters [178, 191] by 
P. Ascher & L. Caceres 



Gamma-ray burst 
detection of a “kilonova”
-N.R. Tanvir et al. Nature 500, 537 (2013)

light from decaying radionuclides!
(r-process?!)
-B.D. Metzger, Liv. Rev. Rel. 20, 3 (2017)

short GRBs  NS mergers (?)

Credit:  NASA, ESA, and A. Feild (STScI)

SWIFT



GW170817:   
landmark event
made more remarkable 
by a -ray burst and a
kilonova revealing the
r-process site – 60 years after B2FH!

Rosswog, S., Piran, T. & Nakar, E. Mon. Not. R. Astron. Soc. 430, 2585 (2013)

gravitational waves!

Abbot, B.P. et al., Astrophys. J. Lett. 848, L12 (2017)
Longest astronomer author list ever!

From the Special Issue:  
Focus on the Electromagnetic Counterpart of the 

Neutron Star Binary Merger GW170817 
Astrophys. J. Lett. Oct. 20, 2017

(33 papers!)



J. M. Lattimer and M. Prakash, Science 304, 536 (2004)
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J.M. Pearson, S. Goriely and N. Chamel, PRC 83 (2011)

Neutron‐Star density profile

neutrons…
hyperons…

quarks?

nuclear density:  
2  108 g/cm3

See also: 
Hempel & Schaffner-Bielich, J. Phys. G (2007) 

Gulminelli and Raduta, Phys. Rev. C 92 (2015) 
Grams, Giraud, Fantina & Gulminelli, Phys. Rev. C 97 (2018)

Plumbing the depths
of a neutron star!
(accretion light curve)

R.N. Wolf & ISOLTRAP Collaboration +
N. Chamel, J.M. Pearson & S. Goriely, PRL (2013)



Brussels interaction for theory combining masses and EOS

P.B. Demorest et al. 
Nature (2010)

N. Chamel, A.F. Fantina, J.M. Pearson & S. Goriely, PRC 84 (R) (2011)

pressure/density  TOV 
(Tolman Oppenheimer Volkov)

Equation of 
State (EOS)

EOS

Phenomenological formulations 
constrained by nuclear physics
(masses and scattering experiments)

Mass-radius possibilities constrained 
by NS mass observations



NS merger simulation:  A. Bauswein, H.-Th. Janka

EOS !
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More bibliography (experts!)

LUTH-Observatoire de Paris, MeudonLaboratoire
2 Infinies, 
(ex-IPN)
Lyon



NIST

Infinitely small… …to infinitely large! Outreach efforts

Important links to nuclear physics (masses and EOS)
See parallel session 6.1 (Fri. 8h30) – SPIRAL2 & associated physics
(including talk by M. Henri on measuring the EOS!)

L’origine des éléments 
et d’autres implications de la détection des ondes 
gravitationnelles pour la physique nucléaire

Séance Parallèle (2.1 Ondes gravitationnelles et contreparties électromagnétiques)

GW170817:  60 years after B2FH (1957) !  
More GW results already (maybe NS-BH) !
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