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[Ascenzi+2021, Journal of Plasma Physics]
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NS mergers and kilonovae

Parameters for Red and Blue KN from

[Siegel 2019, Eur. Phys. J. A.]
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Long lived neutron star remnant
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Too massive?
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Parameters for Red and Blue KN from
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Red KN

Blue KN

Prompt collapse to a BH

Long lived neutron star remnant

Dynamical ejecta

Wind

Too fast?

See Steven Fahlman’s talk on Thursday
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NS mergers and kilonovae

Parameters for Red and Blue KN from

[Siegel 2019, Eur. Phys. J. A.]
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But too massive?

Parameters for red and blue KNe from 


1D and/or semi-analytical modelling


NO geometry


NO reprocessing


Long lived neutron star remnant



POSSIS
A 3D Monte Carlo radiative transfer code to model kilonovae

[MB+2015, MNRAS; MB 2019, MNRAS]
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A 3D Monte Carlo radiative transfer code to model kilonovae

[Tanaka+2018, ApJ]

En
er

gy
 p

er
 se

co
nd

 p
er

 g
ra

m

[Korobkin+2012]

Creating photons


Frequency

From temperature


Energy

Nuclear heating rates


Thermalisation efficiencies 


Stokes parameters


Time since merger (s)



Propagating photons


Opacity


Main source of opacity in KNe: bound-bound

τ = ∫ κ ρ dr Pinteraction = 1 − e−τ

 (c
m

2  g
-1

)
κ

Ye > 0.25

Ye < 0.25

[MB+2015, MNRAS; MB 2019, MNRAS]

Wavelength (Å) 

POSSIS
A 3D Monte Carlo radiative transfer code to model kilonovae

( ) opacities from Tanaka+2020 

as a function of , ,  and time
κ λ ρ T Ye

[Tanaka+2018, ApJ]
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POSSIS
A 3D Monte Carlo radiative transfer code to model kilonovae

[Tanaka+2018, ApJ]

Stokes parameters




Neutron Star - Neutron Star

[Dietrich, Coughlin, Pang, MB+2020, Science]


Black Hole - Neutron Star

[Anand, Coughlin, Kasliwal, MB+2020, Nature Astronomy]
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Black Hole - Neutron Star
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Help yourself! Modelled grids available at

https://github.com/mbulla/kilonova_models

[MB+2015; MB 2019]

POSSIS
A 3D Monte Carlo radiative transfer code to model kilonovae



Credit: J. Johansson

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0
Time (days)

°16

°15

°14

°13

°12

°11

°10

°9

°8

°7

A
bs

ol
ut

e
m

ag
ni

tu
de

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0
Time (days)

°3

°2

°1

0

1

2

3

4

5

6

7

C
ol

or

°0.3 °0.2 °0.1 0.0 0.1 0.2 0.3
Equatorial velocity [c]

°0.3

°0.2

°0.1

0.0

0.1

0.2

0.3

P
ol

ar
ve

lo
ci

ty
[c

]

µobs

2¡

Polar
dynamical

Tidal
dynamical

Disk

wind

Kilonovae viewed face-on (  jet axis) are brighter and bluer 

compared to kilonovae viewed edge-on ( merger plane)

θobs = 0∘,
θobs = 90∘,

Ab
so

lu
te

 M
ag

ni
tu

de

Time (days)

Co
lo

r [
g-

K
] (

m
ag

)

Time (days)

RED

BLUE

POSSIS
Viewing-angle dependence



0.0

2.5

5.0

7.5

°2.25+0.10
°0.07

°1.
50

°1.
35

°1.
20

°1.
05

lo
g 1

0
(m

ej w
in

d
/M

Ø
)

0.0

2.5

5.0

7.5

°1.18+0.08
°0.09

48

56

64

72

¡
[d

eg
]

0.00

0.05

0.10

0.15
68.69+4.77

°4.61

°2.
4

°2.
2

°2.
0

°1.
8

log10(m
ej
dyn/MØ)

20

30

40

µ O
b
s
[d

eg
]

°1.
50

°1.
35

°1.
20

°1.
05

log10(m
ej
wind/MØ)

48 56 64 72

¡ [deg]

20 30 40

µObs [deg]

0.000

0.025

0.050

0.075

24.37+7.28
°7.28

A fit to the kilonova AT 2017gfo
Interpolation scheme using Gaussian Process Regression or Neural Networks


[Pang, Dietrich, Coughlin, MB+, arXiv:2205.08513]
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[Almualla, Ning, MB+2021, arXiv:2112.15470]


Gaussian Process Regression

[Coughlin..MB..+2020, PRR]
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Gaussian Process Regression

[Coughlin..MB..+2020, PRR]
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A fit to the kilonova AT 2017gfo
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Multi-D is crucial!


See also [Perego+2017, ApJ; Kawaguchi+2018, ApJL;  Kawaguchi+2021,ApJ]

A fit to the kilonova AT 2017gfo
Gaussian Process Regression

[Coughlin..MB..+2020, PRR]
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The Hubble constant H0

H0 =
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=
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Distance

Gravitational Waves as Standard Sirens
[Schutz 1986, Nature; Holz & Hughes 2005, ApJ]
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The Hubble constant H0
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Gravitational Waves as Standard Sirens



GW + kilonova

24% improvement on H0

Credit: J. Johansson

[Dhawan, MB+2020, ApJ]

H0 = 70.0 +12.0
−8.0 km s−1 Mpc−1

H0 = 72.4 +7.9
−7.3 km s−1 Mpc−1

GW only

see also [Coughlin…MB…+2020, Nature Communications]


The Hubble constant H0

~25 deg 

from the pole



The Hubble constant H0

Superluminal motion
[Mooley+2018, Nature]


[Hotokezaka+2019, NatAstro]

Kilonova

[MB, Coughlin, Dhawan & Dietrich 2022, Universe]



NMMA: A framework to rule them all
A nuclear-physics multi-messenger bayesian framework  

Credit: J. Johansson

[Dietrich, Coughlin, Pang, MB+2020, Science]

R1.4 = 11.75 +0.86
−0.81 km

[Breschi+2021,MNRAS]




NMMA: A framework to rule them all
A nuclear-physics multi-messenger bayesian framework  

Credit: J. Johansson

[Dietrich, Coughlin, Pang, MB+2020, Science]

R1.4 = 11.75 +0.86
−0.81 km

[Breschi+2021,MNRAS]


R1.4 = 11.98 +0.35
−0.40 km

[Pang, Dietrich, Coughlin, MB+, arXiv:2205.08513]



GW190814 as a BBH [Tews..MB..+2021, ApJL] 


Adding PSRJ0740+6620 [Pang, Tews, Coughlin, MB+2021, ApJ]


Kilonova searches [Andreoni…MB…+,2021,ApJ]


MM observations + HIC [Huth…MB…+, Nature, in press]


GRB211211A, in prep.

Credit: Tim Dietrich


See Achim’s talk on Tuesday

NMMA: A framework to rule them all
A nuclear-physics multi-messenger bayesian framework  

Credit: J. Johansson

[Dietrich, Coughlin, Pang, MB+2020, Science]
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Credit: J. Johansson

Detectability of kilonovae

[Sagues-Carracedo, MB, Feindt & Goobar 2021, MNRAS]
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see also [Coughlin, Dietrich, Antier, MB+2020a, MNRAS / Coughlin..MB..+2020b, MNRAS / Almualla..MB..+2021,MNRAS]




Go red!

Credit: J. Johansson
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[Sagues-Carracedo, MB, Feindt & Goobar 2021, MNRAS]

see also [Coughlin, Dietrich, Antier, MB+2020a, MNRAS / Coughlin..MB..+2020b, MNRAS / Almualla..MB..+2021,MNRAS]
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[Sagues-Carracedo, MB, Feindt & Goobar 2021, MNRAS]

Detectability of kilonovae
Go red! Go deep!

see also [Coughlin, Dietrich, Antier, MB+2020a, MNRAS / Coughlin..MB..+2020b, MNRAS / Almualla..MB..+2021,MNRAS]




Credit: J. Johansson
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[Sagues-Carracedo, MB, Feindt & Goobar 2021, MNRAS]

Detectability of kilonovae
Go red! Go deep! Be quick!

see also [Coughlin, Dietrich, Antier, MB+2020a, MNRAS / Coughlin..MB..+2020b, MNRAS / Almualla..MB..+2021,MNRAS]
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see also [Coughlin..MB..+2020ab, MNRAS / Ackley..MB..+2020, A&A / Andreoni..MB..+2020b, ApJ / Kasliwal..MB..,+2020, ApJ / Andreoni..MB..,+2021, ApJ ]

[Anand, Coughlin, Kasliwal, MB +2020, Nature Astronomy] [Andreoni..MB..+2020a, ApJ]
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see also [Coughlin..MB..+2020ab, MNRAS / Ackley..MB..+2020, A&A / Andreoni..MB..+2020b, ApJ / Kasliwal..MB..,+2020, ApJ / Andreoni..MB..,+2021, ApJ ]

[Anand, Coughlin, Kasliwal, MB +2020, Nature Astronomy] [Andreoni..MB..+2020a, ApJ]
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[Anand, Coughlin, Kasliwal, MB +2020, Nature Astronomy] [Andreoni..MB..+2020a, ApJ]
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Hunting for kilonovae in O3

[Anand, Coughlin, Kasliwal, MB +2020, Nature Astronomy] [Andreoni..MB..+2020a, ApJ]

see also [Coughlin..MB..+2020ab, MNRAS / Ackley..MB..+2020, A&A / Andreoni..MB..+2020b, ApJ / Kasliwal..MB..,+2020, ApJ / Andreoni..MB..,+2021, ApJ ]
°0.3 °0.2 °0.1 0.0 0.1 0.2 0.3

Equatorial velocity [c]

°0.3

°0.2

°0.1

0.0

0.1

0.2

0.3

P
ol

ar
ve

lo
ci

ty
[c

]

µobs

2¡Tidal
dynamical

Disk

wind

0.00 0.02 0.04 0.06 0.08 0.10

Mej,dyn (MØ)

0.00

0.02

0.04

0.06

0.08

M
ej

,p
m

(M
Ø
)

Allowed region

Ruled out [267 Mpc]

0.00 0.02 0.04 0.06 0.08 0.10

Mej,dyn (MØ)

0.00

0.02

0.04

0.06

0.08

M
ej

,p
m

(M
Ø
)

Allowed region

Ruled out [267 Mpc]

0.00 0.02 0.04 0.06 0.08 0.10

Mej,dyn (MØ)

0.00

0.02

0.04

0.06

0.08

M
ej

,p
m

(M
Ø
)

Allowed region

Ruled out [267 Mpc]

Mej,dyn

Mej,dyn

Mej,dyn

Mej,wind

Mej,wind

Mej,wind



Time since merger (days)

18

20

22

24

i
(m

ag
)

Allowed

Ruled out [267 Mpc]

100 101

Time since merger (days)

18

20

22

24

z
(m

ag
)

Constraining the parameter space of models from non-detections
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[Anand, Coughlin, Kasliwal, MB +2020, Nature Astronomy] [Andreoni..MB..+2020a, ApJ]

see also [Coughlin..MB..+2020ab, MNRAS / Ackley..MB..+2020, A&A / Andreoni..MB..+2020b, ApJ / Kasliwal..MB..,+2020, ApJ / Andreoni..MB..,+2021, ApJ ]
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Wavelength (Å) 

Polarization signal
Constraining the viewing angle and the presence of a lanthanide-free component
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Constraining the viewing angle and the presence of a lanthanide-free component
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[MB+2019, Nature Astronomy]
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Lanth-rich dynamical ejecta


Polarization signal
Constraining the presence of a lanthanide-free component


BH+NS

[MB+2021, MNRAS]

Model for dynamical ejecta from [Kyutoku+2015, PRD]



Lanth-rich dynamical ejecta

+ lanth-free wind 
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[MB+2021, MNRAS]

Model for dynamical ejecta from [Kyutoku+2015, PRD]



Making kilonovae brighter and bluer

[Nativi, MB, Lundman, Rosswog+2021, MNRAS]


Jet-ejecta interaction

see also [Klion, Duffert, Kasen & Quataert 2021, MNRAS]




Making kilonovae brighter and bluer

[Nativi, MB, Lundman, Rosswog+2021, MNRAS]


Jet-ejecta interaction

see also [Klion, Duffert, Kasen & Quataert 2021, MNRAS]
Wind models from [Perego+2014, MNRAS]



Making kilonovae brighter and bluer

[Nativi, MB, Lundman, Rosswog+2021, MNRAS]


Jet-ejecta interaction
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see also [Klion, Duffert, Kasen & Quataert 2021, MNRAS]
Wind models from [Perego+2014, MNRAS]



Thank you!


