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Les éléments - le processus r
GW170817 et son kilonova
Etoiles a neutrons et PEOS
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3. How were the heavy elements made?
precise origin
of elements
to uranium
remains a
mystery

New elements
Z =113, 115, 117, 118
(see poster [136] by Z. Favier)
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Synthesis of the Elements in Stars”®
E. Marcarer BurBinge, G. R. Bureince, WirLtiam A. FowLrer, anp F. HovLE

Kellogg Radiation Laboralory, California I'nstitute of Technology, and
Mount Wilson and Palomar Observalories, Carnegie Institution of Washinglon,
California Institute of Technology, Pasadena, Californic

“It is the stars, The stars above us, govern our conditions”;
(King Lear, Act IV, Scene 3)

but perhaps

“The fault, dear Brutus, is not in our stars, But in ourselves,”
(Jadius Caesar, Act 1, Scene 2)

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



Masses define the limits of the nuclear landscape




stable isotopes =

S-process path —
r-process path =

known masses
S~ decay path
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s . AGB stars
¥ . supernovae?

NS mergers?
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To model r process - nuclear physics must provide:
masses, half-lives, spins, energies, fission barriers...
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En France, au GANIL (Caen): SPIRALZ2

2021 ->

2024 ->

Séance Parallele 6.1 :
(vendredi 12/07 8h30)
SPIRALZ2 et son
programme scientifique

plus posters [178, 191] by
P. Ascher & L. Caceres

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

J.-C. Thomas (GANIL) 7



Credit: NASA, ESA, and A. Feild (STScl)
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 (?)




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

. Neut Star Bi M GW170817
GW170817: S Astrophys. ). Lett_Oct. 20. 2017
landmark event (33 papers!)
made more remarkable
by a y-ray burst and a
kilonova revealing the

r-process site - 60 years after B2FH!




J. M. Lattimer and M. Prakash, Science 304, 536 (2004)



Neutron-Star density profile
J.M. Pearson, S. Goriely and N. Chamel, PRC 83 (2011)

1015
neutrons. Ve, drip 10 Plumbing the depths
quarks? line of a neutron star!
108 o (accretion light curve)
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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)



Brussels interaction for theory combining masses and EOS

pressure/density > TOV
(Tolman Oppenheimer Volkov)

EOS

Equation of
State (EOS)

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

Mass-radius possibilities constrained
by NS mass observations

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

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



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




More bibliography (experts!)
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Recent Accepted Authors Referees Search Press About Staff

Equations of state for supernovae and compact stars

M. Qertel, M. Hempel, T. Kl&hn, and 5. Typel
Rev. Mod. Phys. 89, 015007 — Published 15 March 2017

Laboratoire LUTH-Observatoire de Paris, Meudon

2 Infinies,
(ex-IPN)
Lyon
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Highlights Recent Accepted Authors Referees

PHYSICAL REVIEW

Neutron star matter with strange interactions within
Highlights  Recont _ Accepted constraints by GW170817 in a relativistic quark model
Himanshu S. Sahoo, Rabindranath Mishra, Deepak K. Mohanty, Prafulla K. Panda, and Niranjar
Barik

Phys. Rev. C 99, 055803 — Published 6 May 2019

s Topology change and nuclear symmetry energy in
Highlights Recent Accepted compact—slar matter
Xiang-Hai Liu, Yong-Liang Ma, and Mannque Rho
Phys. Rev. C 99, 055808 — Published 10 May 2019

PHYSICAL REVIEW
< - Tides in merging neutron stars: Consistency of the
Highlights ~ Recent  Accepted GW170817 event with experimental data on finite nuclei

Tuhin Malik, B. K. Agrawal, J. N. De, S. K. Samaddar, C. Providéncia, C. Mondal, and T. K. Jha
Phys. Rev. C 99, 052801(R) — Published 20 May 2019

Constraining the relativistic mean-field model equations
of state with gravitational wave observations

Rana Nandi, Prasanta Char, and Subrata Pal
Phys. Rev. C 99, 052802(R) — Published 22 May 2019
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L’origine des éléments

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

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

Important links to nuclear physics (masses and EOS)

See parallel session 6.1 (Fri. 8h30) - SPIRALZ & associated physics
(including talk by M. Henri on measuring the EOS!)

Infinitely small... ...to infinitely large! Outreach efforts

Séance Parallele (2.1 Ondes gravitationnelles et contreparties électromagnétiques)
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