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Binary NS merger



Binary NS merger

t = -8.466 ms NS-NS Simulation by K. Kiuchi

Neutron stars
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Binary NS merger

- One of the primary sources of GWs (targeted by ground-based detectors)
» Constituent masses

* Nuclear matter properties

» Promising source of (short-hard) gamma-ray bursts

* Mechanism of the bursts

* Promising site of heavy-element synthesis

— Origin of elements
Electromagnetic signal (kilonova)

« Dynamics of the merger, post-merger activities



Mass ejection activities of merger:
Dynamical phase

Dynamical mass ejection

(tidal force, shock heating) ~ 10 ms



Neutron-richness of dynamical ejecta

~ controls efficiency of r-process
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Neutron-richness of dynamical ejecta
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Mass ejection activities of merger:

Post-merger phase

Time: €2.29 ms Kiuchi+23 (Credit: K. Hayashi)
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Neutrino cooling vs viscous heating

For high temperatures, (kT = 1 MeV) neutrino emission cools down the disk.

kKT \ _s
Neutrino emission timescale : 7., ~ 1s
1 MeV

L U D
veak S Lic (NDAF) phase: weak/no outflow @

l

[~ N

[

weEa

> t... phase: viscosity can drive outflow

V1S




0.08

0.00

0.02 |

j/M®

€

0.00

= 0.01

Post-merger mass ejection
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Mass-ejection mechanism

Post-merger ejecta

 Ejecta mass
(by viscosity)

 Dynamical ejecta (by tidal force, shock)
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Disk temperature decreases
due to the drop of accretion rate

kT
. . . fweak ~ 1 MS
Cooling efficiency drops " <5MeV

—Mass ejection by viscous heating
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Neutron-richness of post-merger ejecta
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Post-merger ejecta is more massive for more asymmetric case
because of the larger disk mass.

The peak at Ye = 0.3 < Freeze-out value of electron/positron capture equilibrium.

*Important: The value depends on the strength of the viscosity



Composition of the ejecta

Short-lived massive NS
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Long-lived massive NS cases

Short-lived massive NS Long-lived massive NS
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Post-merger ejecta is too massive.
(If binary NS merger is the main r-process site)
Mergers leaving long-lived NSs should be minor.



Collapsar



Collapsar

. %<> . Canonical SNe

Core-collapse
of massive star



Collapsar

|
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Core-collapse
of massive star
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PNS formation || BH formation Isolated BH
Explosion during PNS phase fails Note: MHD process
iIf, e.g., the core compactness is too high. can help explosion

Obergaulinger & Aloy



Collapsar
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Core-collapse PNS formation || BH formation Disk formation
of rotating star Further activities!

Explosion during PNS phase fails
If, e.g., the core compactness is too high.




BH-disk activities and GRB-SN

Gamma-ray bursts (GRBs)

BH-disk is one of the promising central engines (e Woosley et al. 1993...)

Disk outflow (as post-merger system!) (MacFadyen & Woosley 1999)

Energy generated by viscous accretion:

GMpy M. /750 ~ 3 X 107 er BH M g disk
BHT bl disk - < 10M 0.1M 107cm

Long GRBs are accompanied by energetic SNe (lc-BL)

- Explosion energy  E, = (0.8 — 4.4) X 10°? erg
- 56Nj mass My; =(0.2-05)M, (Canoetal17)

Viscosity-driven outflow from disk would naturally explain such SNe .,
-



Disk formation—neutrino-cooled disk—Qutflow

SF+23, 24, Just+22, Dean+24
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Progenitor models from Aguilera-Dena+20 (This is a 35 solar mass model)



Comparison with observations
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BH-disk can be an engine of the energetic explosion.



Effects of jets

NS binary merger and Collapsar: promising system for GRBs

NS binary merger (short GRBs)

Jet propagates through the dynamical ejecta modifies the ejecta structure

Abundance changes in the shocked dynamical ejecta Granot+24

Collapsar (long GRBs)

Jet may make the SN Component e.g., Tominaga+07, Barnes+18, Leung+23,...

°6NI may be synthesized in the shocked matter.
A high energy deposition (rate) is necessary.

Inconsistent with observed velocity distribution”? Eisenberg+22



Summary

NS-NS merger

Short-lived NS case: = Equal-mass » Asymmetric

Broad Ye distribution Lower typical Ye (— limit: BH-NS)
Larger disk mass
— More massive post-merger ejecta

Long-lived NS case: Post-merger ejecta too massive.
Fail to reproduce solar r-process abundance
MHD may be more important for long-lived cases

Collapse of rotating massive star

BH formation — Disk formation — Disk outflow (after neutrino-cooling phase)
Promising energy & °°Ni sources for SNe Ic BL.

(depends on progenitor profile — More systematic study is necessary)

Thank you for your attention!



