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Roadmap

* Counterpart zoo
* Pros and cons
* Neutron precursor
e relationship to the r-process
e traditional kilonovae
e opacities (red or blue)
e thermalization
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Neutron Precursor



Neutron Precursor

highv, low p,
— free neutrons

efficient neutron
capture——strong
r-Drocess




Neutron Precursor

high v, low p,
— free neutrons
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Neutron Precursor
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Neutron Precursor

Questions:

* Which systems produce a
sufficient amount of free
neutrons?

 How will the energy from free

solid:

N

neutron decay heat the ejecta
(thermalization)

 How will thermalized energy
diffuse (composition and

26 v opacity)
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Kilonovae: opacities



Kllonovae

Characterizing the EM emission

* merger dynamics:

A\ /2
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e Dinary type

mass ratio
NRR=ON

BH spin
magnetic fields

C

e composition/opacity
* robustness of the r-
Drocess
e |anthanides/actinides
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K”OHOvae: OpaCitieS — FRDM  — HFB21  JB+16
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Weak Interactions
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Weak interactions: effect of system

UV (n-precursor) optical (disk wind) infrared (disk wind + dynamical)

Remnant \ Binary

luminosity

time
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Weak interactions: effect of system

UV (n-precursor) optical (disk wind) infrared (disk wind + dynamical)
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Weak interactions: viewing angle

A long-lived HMNS raises Y. preterentially along the
poles, leading to a viewing angle dependence
(Metzger & Fernandez 2014)

electron fraction
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Kilonovae: interactions

Nucleosynthesis is not the whole story; we also
have to understand how the different
components interact
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Nucleosynthesis is not the whole story; we also
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Kilonovae: interactions

Nucleosynthesis is not the whole story; we also
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Kilonovae: thermalization



Kilonovae: thermalization

hermalized energy supplies the kilonova’s luminosity
budget

transfer to the re-radiated as
thermal pool thermal emission

radioactive decay

wavelength

Function of decay mode, decay spectra (including
energy partition for §-decay), and the density and
composition of the ejected material

See also: Hotokezaka+16



Kilonovae: thermalization
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Thermalization: energy-loss rates

Dominated by Bethe-Bloch interaction (with bound electrons)
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Thermalization: decay spectra
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Effect on Light Curves

I I 1 I

| M =1x103Mg, v = 0.3¢

light/fast

|

|
10% o

-~
\\
-

- -
-
-~ -
-~

Lol (ergs S 1)

F—— <—transport only
1037 ;— frot = frotFROM (1)
=== frot = frot,Dz31(t)

1
fiducial J

-~
-~ -~ P
~ -
-~

Mg =5 x 1072 Mg, vej = 0.1c

1 1

1

0 5 10 15 20
Days
Barnes+16

25

30

New mass estimates for kN
associated with GRB 130603B

—-17

~16
~15
~14

Mg = 0.01Mg, e 5 0.1¢
Mej = 0.05Mg, v =0.1c
Mej = 0.05Mg, v = 02
Mg = 0.1Mg, v = 0.2¢
Mej = 0.1Mg, v = 0.1c

§C
Days

Caveats:

* viewing angle

e oblateness



Dependence on Decay Mode:

a-part.

5-part.

~N=8

— 0.6 h
04 F
0.2}
0.0 '
0 5 10 15 20 25
Days
=50
A y
Z=20 N=5
N = N=28
N=20 N

30

fﬁssion > fa = fﬁ > ffy

~\
. J

L EC, ST decay
B~ decay

[-Process
P a-decay

fission




Dependence on Decay Mode:

translead production depends on neutron

separation energies near N = 130

(see Mendoza-Temis+15)
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Dependence on Decay Mode:

thermalization
E DZ31
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| ate-time Light Curves

a potential diagnostic for r-process robustness

 When the gjecta is optically thin, Ly tracks the
iInstantaneous energy generation rate.

* [his could be the best chance to directly measure the
prevalence of a-decay (and fission)
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The bling-nova knot

a word of caution

translead/
fiIssion



