Astrophysics of gravitational wave sources

Lecture 10: Electromagnetic signatures of merger & r-process
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Binary neutron star merger

Radice et al.



PROMPT BH FORMATION LONG-LIVED CENTRAL ENGINE

Shocked-Interface Dynamical Ejecta,
M~ 104-102 Mg v~0.1-03 ¢

Shocked-Interface Dynamical Ejecta,
M~ 104-102Mg v~0.1-03c

Disk Wind Ejecta
M~ 102-101 M@ v~0.01-0.1c
i magnetar ™
wind nebula

Table 2: Sources of r-Process Ejecta in Binary Neutron Star Mergers

Ejecta Type Me; (M) vej(c) Color M decreases with ~ References

Tidal Tails ~ ~107* —-10"2 0.15—-0.35 Red (NIR) q= My /M, e.g., 1.2
Polar Shocked ~ 10=%*—10=2 0.15—-0.35 Blue (visual)  Miem/Mmax, Rus e.g., 3-5
Disk Outflows 10=* —0.07 0.03 —0.1 Blue+Red M e /M pax e.g., 6—8

Metzger (2017)
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Nuclear statistical equilibrium
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Thielemann et al. (2017)
As a function of time, NSE follows density, temperature and Ye

very high densities favor large nuclei, due to the high power of p !

very high temperatures favor light nuclei, due to (k, T )=*/2¢i=b
intermediate regime, exp(B;/k, T) favors tightlyboundr °~ a
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Bottleneck, works only at high density
At low density: alpha-rich freezeout: H, He, A~90
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Temperature: ~1-2 GK
Density: ~300 g/cm3 (~60% neutrons !) neutron capture timescale: ~ ms - us

f—

p-decay

Seed

\ Equilibrium favors

(y-n) photodisintegration ~ “Waiting point”

Proton number

Neutron number

https://www.asc.ohio-state.edu/physics/ntg/6805/slides/rprocess.pdf
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https://www.asc.ohio-state.edu/physics/ntg/6805/slides/rprocess.pdf
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A =1.2933 MeV the neutron-proton mass difference.



R process
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https://www.youtube.com/watch?v=T44B9j3Vzxw
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https://www.youtube.com/watch?v=T44B9j3Vzxw

The Origin of the Solar System Elements

Graphic created by Jennifer Johnson Astronomical Image Credits:
http://www.astronomy.ohio-state.edu/~jaj/nuclec/ ESA/NASA/AASNova
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Sneden et al. (2008)



