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WARNING

* This talk will mainly cover NS-NS and NS-BH
mergers

* [wo slides on BH-BH EM counterparts

* No time to mention Supernovae, NS accretion
induced collapse, etc... (GW signal much smaller)



NS-NS & NS-BH
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sim. & vis.: Wolfgang Kastaun
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NS-NS: Disk Formation
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Strongly dependent on
NS EOS

Very easy to form disks
of ~0.1 solar masses
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Rapidly rotating
BHs are
required

Many systems
may not be able
to form disks

It disk is formed
GW signal
clearly differs
from BH-BH GW



Jet Formation

Magnetic fields

Neutron stars

Masses: 1.5 suns

Diameters: 17 miles (27 km)
Separation: 11 miles (18 km)

Simulation begins 7.4 milliseconds 13.8 milliseconds

- magnetic field
\ . emerges

Black hole forms
Mass: 2.9 suns
Horizon diameter: 5.6 miles (9 km)

15.3 milliseconds 21.2 milliseconds 26.5 milliseconds

Credit: NASAJAEIZIBM. Koppitz and L. Rezzolla

Rezzolla, Giacomazzo, et al 2011



Jet Formation

NS-BH
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WARNING: actual jet observed only in NS-BH merger (only 1

sim), NS-NS still debated. Role of magnetic fields is crucial.



ther EM Counterparts

Jet—=ISM Shock (Afterglow)
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Long-Lived Magnetar Formation

* Maximum NS mass >2 supports long-lived NS formation after
merger

- It will affect GRB engine

* Much longer GW emission and bright EM counterparts

A long-lived (or stable) magnetar could be used to explain X-
ray plateaus and extended emissions from SGRBs (e.g,
Rowlinson et al 201 3).
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TIME-REVERSAL SGRB MODEL
(Ciolfi & Siegel 2015)

Figure 1. Evolution phases: (1) The differentially rotating supramassive NS ejects a baryon-loaded and highly isotropic wind: (11) The cooled-down and uniformly
rotating NS emits spin-down radiation inflating a photon-pair nebula that drives a shock through the cjecta; (I11I) The NS collapses to a BH, a relativistic jet drills
through the nebula and the ¢jecta shell and produces the prompt SGRB, while spin-down emission diffuses outwards on a much longer timescale.

Ciolfi & Siegel 2015
SGRB

X-ray afterglow emitted by magnetar

xrays  SGRB emitted by BH after magnetar collapse
(GW inspiral - X-ray - SGRB)

Magnetars may be formed from BNS mergers
(Glacomazzo & Perna 201 3, Giacomazzo et al 2015)



EM emission from the long-lived

NS remnant
Siegel & Ciolfi 2015b,2015c¢

® signal peaks at 102-10* s (similar range for duration)

® |uminosities 10%-10% erg/s
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[ very promising EM counterpart! ]




NS-NS EM Precurso
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NS-BH EM Precursors
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Force Free simulations of NS-BH mergers show also [e43 erg/s
emission (but for larger fields, ~ el 3G)

Emission within ~60° from orbital plane (possible lighthouse effect)



BH-BH EM counterparts?



Supermassive BH-BH? Yes!
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For a recent review see Schnittman 2013: http://arxiv.org/abs/1307.3542
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Solar Mass BH-BH? maybe?

e Fermi GBM detected

; gamma-ray emission
O e L after GW150914 (L~1049
| 4 . erg/s)
MNEalE «==" |+ No other EM detection by
? Coooy 2 other satellites
" oo | e Solar mass BH-BH were
- § ,77./1"” not expected to have
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Perna et al 2016



Conclusions

NS-NS merger offer a very rich phenomenology with
several possible EM counterparts

NS-BH may also produce bright EM counterparts, but
only it NS is disrupted before merger

NS-NS and NS-BH EM counterparts are strongly
connected with GW signal (e.g., NS EOS)

BH-BH mergers: EM emission strongly debated in
case of Virgo-LIGO sources (no problem for eLISA)



