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Realistic Path of the NS-NS Merger

( Shibat et al. 05, 06, Sekiguchi et al. 11, Hotokezaka et al. 13)
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Neutrino-driven Outflow

(Eichler et al. 1989; Meszaros & Rees 1992)

'::"lé_jFE '#' Lj:l__llﬂ]l
LV ~10°3 erg s7!

Lm

(EERAMEZE ) HEE O[O ETO
SWER Y + UV — e + e’ [TLDnE
Lt

EireballZ{ED . MBXIEEHYIC X THIE ?
—Short GRB




Neutrino-driven Outflow 1

(Dessart et al. 2009; Metzger & Fernandez 2014; Perego et al. 2014)
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Results
B Dynamics of Fluid

t = 0.800821 ns

360

250

280
~

£
X 150

180

log density [g/ccl

-300 -200 -100 ) [:..] 100 200
= EE$EJ:O)€ZL|_\I}# /L;\/%SI (—-l)jzll"l\

~0.5 cI2E Doutflow

BXEREINGR D IER 5T (K /ZBaryon loadX)
System (& #100ms C7E B HIIC



B —KNJ/RE

10%3

Results

@
(<2
2,
210% |
5 Neutrino
Luminosities (v, v, v,)
1051 . . ! ! ! ! !

electron
anti-electron
other

& X INEASE

\

Luminosity

~300 ms T~10%2 erg/stEE [T{ET

0 50 100 150 200 250 300 350 400

time [ms]

-

o
N
©

-
o
)]
o
T

Total Heating Rate .
(p<10'g/cc)

____________ Efﬁclency

_./__\

Total heating rate (p>101og/cc) [erg/s]
o
&

7 0.1

0.01

Aouaolyg

| 0.001

0.0001

50 100 150 200 250 300 350 400

Time [ms]

v

t =300 ms

(00/5/Bud) AlAISSIWS OULINBU |



10%3

Luminosity [erg/s]

- -
o o
A o)l
© o

Total heating rate (p>101og/cc) [erg/s]
o
&

Results

Za—bhUJ/KE & XOHBEINESK

10% ¢

electron
anti-electron
other

\
Neutrino
Luminosities (v, v, v,)

0 50

200 250 300 350

time [ms]

100 150

Total Heating Rate
(p<10'g/cc)

______________ Efficiency |

—_——
\_-’h—\v

0 50

100 150 200 250 300 350 40
Time [ms]

E 0.01

E 0.001

Luminosity

~300 ms C~102 erg/stiEE [TIET

* Total pair-annihilation heating rate

400

7 0.1

Aousioyq

0.0001
0

3 .
/ d’x Qpair
p<1010g/cc

= #)50msld ~10%° erg/s
— ZDE10Yerg/s ITRE S
Efficiency :

pair

77 p—
Lu,tot

Epair o L,? — efficiency oc L,

~0.1% — 0.01 %



IVIej [Msun]

Exin [erd]

3x10™

25107

1x107

0x10°
6x10%8

4x10%8

2x10%8

0x10°

Vg [c]

0.2

0.1

Preliminary Results
B The Properties of the Ejecta
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Preliminary Results
B Electron fraction & (Specific) Entropy distribution

Mass histogram of ejected material (@ t=400 ms
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Pair-annihilation Heating by Ray-tracing Method
WAED=Z2— MY /EBHREEOHR

Moment formalism with M1-closure relation (Shibata et al. 11)
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Pair-annihilation Heating Rate on z-axis

Pair-annihilation heating rate along z-axis
using snapshot at t = 100ms
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Summary
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Short Gamma-ray Bursts (GRB)
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Neutrino-driven Jet scenario

(Eichler et al. 89, Meszaros & Rees 92, Richers et al. 15, Just et al. 16,...)
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Neutrino-driven Jet scenario

(Eichler et al. 89, Meszaros & Rees 92, Richers et al. 15, Just et al. 16,...)

MmN et €5+ U AD—D
Classical /& i

- EERHETFESHR->BHHE
IEEFEER->REO=1—KJ /2R

ﬁ o  (EEBPERER) HEBO[OlERE T

HEm VYV + UV — e 4 e

% V\ L HRENHT S
o

==y
HXa

Il

HXia

|
1

U

Eireball’z{ED . HHXIEERYIC £ THE ?




Remnant of Binary NS merger

( Shibat et al. 05, 06, Sekiguchi et al. 11, Hotokezaka et al. 13)
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t = 0,80017 ns
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Progenitor of Short GRB

B Neutron star binary merger ?
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Mass (solar)

Observational evidence

M-R relation
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» Lower bound of maximum mass of NS is 2.01 +0.04 Mg

(Demorest et al. 10, Antoniadis et al.13)

» Canonical total mass = 2.6-2.8 M

The type Il is likely to be “realistic”.



Thorne 1981

Moment FormaliSm  swivatcia 201
B Variables

MeB — / d‘/}9 < pﬁ f (p) 3;) (Energy-momentum tensor of neutrino)
— Fn“ 77/3 + F%n p + Fﬁna + PO‘5 n*: normal of the time slice

B Evolution Eqs.  (3+1 decomposition of VzM*” = (Source Terms)* )

o(VYE) + 0j[7(aF? — B E)]
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O(VE;) + 0[P — B F))
_ ﬁ[ _ Ed.o + F; 8% + %ijamk n a‘sa%a]

B Closure relation (M1-closure)
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. thin Pl =F———
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2w? + 1 w w(2w? 4+ 1)

~i (if u'=0)



Energy loss rate due to reaction (opt-thin limit)

Q% = Qreac( p,Ye, T) — (electron, positron-capture of nuclei)
+ (pair-production)

due to diffusion (opt-thick limit)

leak En(E)
@ = /dETdiff(E)

Effective energy loss rate

Qeff _ (1 . e—T)Qleak 4+ 6—7'Qreac

€ — (1 . €_T)€leak +e
eleak _ Qleak/Rleak
greac QreaC/Rreac

—T _reac
€

diffusion time

() = " ()

Solving this Eq.
— obtain ¢



Pair-heating rate density

log Qpaire [erg/s/cm3] t=15.00 ms

t=5.000 ms
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Pair-heating rate

log Qpaire [erg/s/cm3] t=25.00 ms
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Pair-heating rate density

log QP*", [erg/s/cm’] t=100.00 ms
t=100.000 ms
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Pair-heating rate density

log QP*", [erg/s/cm’] t=200.01 ms
t=200.010 ms
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Log Density [g/cc]

Log Pair-annihilation heating [erg/s/cc]
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