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INTRODUCTION

binary neutron star (BNS)
mergers and neutron star-black
hole (NS-BH) binary mergers

4 , D
detection rate  best guess
BNS ~(0.4-400)/yr ~40/yr
NS-BH ~(0.2-300)/yr ~10/yr
- J

Short GRBs:

¢¢

standard” model

central engine is a black hole surrounded

—> end product of a BNS or NS-BH

Paczynski 1986, Eichler et al. 1989, Narayan et al. 1992,
Barthelmy et al. 2005, Fox et al. 2005, Gehrels et al. 2005, ..

heutrino
mechanism

by a massive accretion torus

binary merger

VS

magnetic mechanism
(Blandford-Znajek?)

promising sources of
GRAVITATIONAL WAVES
for advanced LIGO/Virgo

Abadie et al. 2010




SIMULATION SETUP OUR MODELS

Equation of state: ideal fluid and H4

® Einstein Toolkit + WhiskyMHD Equal and unequal mass (mass ratio | and ~0.8)
® 6 refinement levels
(two levels following the stars during inspiral) Model — oqual TV unoqual P4 equal M2 unequal
& & 1Nsp g 1 0.816 1 0.816
® fiducial resolution 222/186 m (IF/H4 EQOS) My [Me]  3.25 3.25 3.04 3.04
, , M, [Mg)] 1.63 1.44,1.81  1.52 1.35,1.69
® also runs at different resolution M, M) 151 136.1.67 140 1.96.1.54
(including higher resolution 177/150 m) M,/R. 0.140  0.120,0.164 0.148  0.132,0.164
® computational domain >1000 km fo [H] 295 234 263 263
d [km] 59.3  68.0 61.0 61.0
® atmosphere floor level ~ 6.2 x 10%gcm™>  Ep [10"erg] 8.19 8.03 9.51 9.32
Bmaz [10*2G] 1.99 1.99 1.99 1.99
Ay 2.20 0.76,5.36  1.97 1.21,3.13
— initial
magnetic field o , ,
. / quasi-circular, irrotational BNS models (Lorene)
purely poloidal magnetic field added
/ on top with prescription
— 2 Ns
NS surface Ay = " Apmax (p — peut, 0)

(confined inside the two stars)

~

different orientations
up-up (UU), up-down (UD), down-down (DD)



IDEAL FLUID, EQUAL-MASS MODEL
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EMERGING MAGNETIC FIELD STRUCTURE
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EMERGING MAGNETIC FIELD STRUCTURE
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RESULTS WITH DIFFERENT EOS/MASS RATIOS

same model of Kiuchi et al. 2014

Model IF equal IF unequal H4 equal H4 unequal Ll F _; {1\ | (] ) \; " 72
Mgu [Mp]  2.92 2.78 2.67 2.50 \ N B * N ' .
aBH 0.81 0.77 0.71 0.63 170
Magisk [Mgp]  0.04 0.21 0.04 0.23 162
M Mo/s] 0.8 2.6 1.1 1.8 164
Tacc [S] 0.05 0.08 0.03 0.13 :::
tBH [ms] 8.7 1.3 11.6 24.7 .
fmerger [kHz| 1.36 0.96 1.43 1.62 .
fumns [kHz] — — 2.47 2.69
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H4 UNEQUAL-MASS MODEL
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v 48 WO
o AV~ 47, bg(B/G)
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Model IF equal IF unequal H4 equal | H4 unequal

Mgu [Mg]  2.92 2.78 2.67 162
aBH 0.81 0.77 0.71 15.4
Mg [Mg]  0.04 0.21 0.04 147
M [Mg/s] 08 2.6 1.1 .
Tace [8] 0.05 0.08 0.03 .
tBH [ms] 8.7 1.3 11.6 s
fmerger [kHz] 1.36 0.96 1.43 |
fumns [kHz| — — 2.47 e
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z [km]

z [km]

CONDITIONS FOR INCIPIENT JET?

fluid velocity (along z) and MHD ratio

t_tBH =26.5 ms

—40 —20

1.0

..SOome necessary

¢ NO OUTFLOW

conditions
are met, but

~

® NO MAGNETICALLY

DOMINATED FUNNEL

r

\_

missing ingredients!?

e HIGHER RESOLUTION
(or SUBGRID MODEL) to
fully account for magnetic
field amplification

e | ONGER SIMULATIONS

(several tens of ms after
BH formation)
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SUMMARY

studied magnetized BNS mergers forming a BH with different EOS, mass ratios,
and magnetic field orientations, focusing on the conditions to produce SGRB jets

twister-like ordered structure emerging after BH formation

high disk masses and accretion rates can be obtained with unequal mass BNS
mergers

HMNS lifetime (depending on EOS and total mass) has a major impact on
magnetic field amplification and on the properties of the final BH-disk system,
longer-lived HMNSs provide more favorable conditions to form a jet

we find no outflow and no magnetically dominated funnel, thus no evidence (yet)
for an “incipient jet”

need stronger field? magnetic field amplification not fully resolved..
need more time (20 ms) to generate an outflow?

made direct comparisons with some previous results

(Kawamura et al. (2016) submitted, Arxiv:1607.01791 J




BACKUP SLIDES



Influence of resolution and MRI

magnetorotational instability
how well resolved?

~N
ideal fluid EOS, q=1, dx=177 m
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Magnetic field orientations

IF_UU IF_UD IF_DD
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h3, at 100 MPc

Gravitational waves

GW spectrum

VS
advanced and ET

10—25

GW
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frequency
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Comparison with Rezzolla et al. 201 |

equal mass, ideal fluid EOS
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Comparison with Kiuchi et al. 2014

' equal mass, H4 EOS
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FIRST GRAVITATIONAL WAVE DETECTION

LIGO Scientific Collaboration & Virgo Collaboration, PRL 116,061102 (2016)
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a black hole binary merger!




GWV detector network
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