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BNS mergers and their aftermath

Final stage of a binary NS (BNS) system evolution:

» coalescence phase

» merger aftermath

GW and matter distribution from NR simulations of BNS merger

Credit: S. Bernuzzi & T. Dietrich
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BNS mergers and their aftermath

Final stage of a binary NS (BNS) system evolution:

» coalescence phase
» merger aftermath

» Massive NS (— BH)
Log,qp g/em] M~22—28Mg,
p = 102gem=3
T ~ afew 10 MeV

» thick accretion disk
M~ 1072 - 0.4M,
Y. <0.20
T ~ afew MeV

_Ne , _Dp
<Ye - i ~ “p+r‘n>
» intense v emission

6 7 8 9 0 11 12 13 14 LV tot ™~ 1053€rg Sfl

slice from 3D matter density (Perego+2014) El, Z/ 10 MeV
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Astrophysical relevance

dynamical encounter of neutron-rich, stellar compact object

» intense emitter of GWs » short GRBs progenitors

and V,S e.g., Peters 64, Eichler+ 87 Paczynski 86, Eichler+ 87
» ejecta and heavy elements > kilonova/macronova
nucleosynthesis powered by radioactive
Lattimer & Schramm 74 decay Li & Paczynski98
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Jointed ~-ray and GW detections, Abbott+17, ApJL
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Astrophysical relevance

dynamical encounter of neutron-rich, stellar compact object

> intense emitter of GWs

’
and V'S e.g., Peters 64, Eichler+ 87

» ejecta and heavy elements
nucleosynthesis

Lattimer & Schramm 74

[ utraretaivistic
| outflow, I" > 100
|

neutrino-driven winds

(V)=0.1c

= dynamic cjecta

W)=0.1c

Rosswog 12

Albino Perego

» short GRBs progenitors

Paczynski 86, Berger 12

» kilonova/macronova
powered by radioactive
decay

Li & Paczynskio8

10 5 2
D - 57982529

Villar+17, see also Pian+17, Tanvir+17, Abbott+ 17,

Coulter+ 17; Nicholl+ 2017; Chornock+ 17

GEMMA 2018 Workshop, Lecce, 07/06/2018

w



Neutrino-matter interaction in BNS merger remnants

» v’s are weakly interacting particles (NC & CC processes)
» production (and possibly absorption):

p+e —n+rv (EC) e~ +et Su4D

n+et —p+ (PC) N+N-N+N+v+7
» scattering:

N+v—=N+v et +v—et v

Neutrino production rates:
production boosted by high temperatures & densities

» Rec o< nyT°Fy(pie/T)

> Rpc X nnT5P4(—,ue/T)

e.g. Rosswog & Liebendorfer 03
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Neutrino-matter interaction in BNS merger remnants

» v’s are weakly interacting particles (NC & CC processes)
» production (and possibly absorption):
p+e —n+uv (EC) e”+et s v+

n+et —p+ 7, (PC) N+N-SN+N+v+p
» scattering:

N+v—N+v ef v et 4u

Neutrino production rates:
production boosted by high temperatures & densities

Neutrino absorption rates:
neutrino opacity <+ neutrino mean free path, A\, < Rns

Eu 2 4G2 2\2
oy, ~ 0) oy = M ~ 1.76x10"* cm? ~ 2.6x10 %o,
MeC? m(he)*

1 p —1 L -2
Ay & ~236 x 10°cm | —————— v
NtargetOv x cm ( 1014 g/Cl’l’l3 > < 10 MEV>
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Role of v’s in BNS mergers
Role of v’s

» exchange energy and ]

nS13, 14, merger, no spins

momentum with matter

> set n-to-p ratio (i.e. Ye)
p+e —n+vy (EC)
n+et —p+ 1w, (PC)

» influence nucleosynthesis

v luminosities
» v gas formation and diffusion
2 Ly,

v modelling: extremely challenging

» n-richness — L;

Ve ~v

» multi-D, GR radiation hydro

» leakage schemes, moment
schemes, MC schemes?

Shibata+11,Foucart+15,18; Perego+15, Radice+16,...
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r-process nucleosynthesis in BNS mergers

Where and how do heavy elements form (above Fe group)?

>

>

n-capture processes (rapid (r) or slow (s))

conditions for r-process: n-rich matter (possibly at high
entropy): high n-to-seed ratio — tn capture < tg

verified in BNS merger ejecta

e.g., Hoffman+ 98

e.g., Korobkin+12, Bauswein+13, Hotokezaka+13,

Wanajo+14, Fernandez&Metzger 13, Just+14, Perego+14, Martin+15, Radice+2016, Bovard+17, Wu+17 ...

t: 2.50e-

s/ T: 993GK / pp:7.41e+12 g/cm3

Sn(z=50)

Proton number Z

- .
S o)
o g

W
meis)

» detailed nuclear network
(e.g.,, WINNET) Winteler+12

» large ODE system (5800
nuclei)

> = Y(az)(t) and Qnuc(t)

(snapshots from network movie, courtesy of D Martin

-10

logioY

~15

150
Neutron number N

and O Korobkin. Mass model: FRDM from Moller+ 1995)

NSE freeze-out: high n-to-seed ratio

Albino Perego
13
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r-process nucleosynthesis in BNS mergers

Where and how do heavy elements form (above Fe group)?

>

>

t:1.49e-01s / T: 0.86GK / py : 1.18e+05 glem®

n-capture processes (rapid (r) or slow (s))

conditions for r-process: n-rich matter (possibly at high
entropy): high n-to-seed ratio — tn capture < tg g, Hoffman+ 98

Verified ln BNS merger ejeCta e.g., Korobkin+12, Bauswein+13, Hotokezaka+13,

Wanajo+14, Fernandez&Metzger 13, Just+14, Perego+14, Martin+15, Radice+2016, Bovard+17, Wu+17 ...

Proton number Z

e

» detailed nuclear network

s (e.g., WINNET) Winteler+12
> large ODE system (5800
e g nuclei)

-15 > = Y(A’Z) (t) and Qnuc(t)

(snapshots from network movie, courtesy of D Martin

Albino Perego

Neutron number N and O Korobkin. Mass model: FRDM from Moller+ 1995)

(n,7)-(v,n) equilibrium
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r-process nucleosynthesis in BNS mergers

Where and how do heavy elements form (above Fe group)?
» n-capture processes (rapid (r) or slow (s))
» conditions for r-process: n-rich matter (possibly at high
entropy): high n-to-seed ratio — tn capture < tg g, Hoffman+ 98
» verified in BNS merger ejecta e, Korobkin+12, Bauswein+13, Hotokezaka+13,
Wanajo+14, Fernandez&Metzger 13, Just+14, Perego+14, Martin+15, Radice+2016, Bovard+17, Wu+17 ...

t:8.98e-01s / T: 0.58 GK / py: 5.45e+02 g/cm®

» detailed nuclear network

|2 (e.g., WINNET) Winteler+12
3 » large ODE system (5800
- g nuclei)

-15 > = Y(A’Z) (t) and Qnuc (t)

(snapshots from network movie, courtesy of D Martin

10
Neutron number N and O Korobkin. Mass model: FRDM from Méller+ 1995)
(n,7)-(,n) equilibrium freeze-out
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r-process nucleosynthesis in BNS mergers

Where and how do heavy elements form (above Fe group)?

Proton number Z

» n-capture processes (rapid (r) or slow (s))

» conditions for r-process: n-rich matter (possibly at high
entropy): high n-to-seed ratio — tn capture < tg g, Hoffman+ 98

» verified in BNS merger ejecta e, Korobkin+12, Bauswein+13, Hotokezaka+13,
Wanajo+14, Fernandez&Metzger 13, Just+14, Perego+14, Martin+15, Radice+2016, Bovard+17, Wu+17 ...

t:1.38e+00s / T: 0.42 GK / pp : 1.51e+02 g/cm®
oo

N) » detailed nuclear network

s (e.g., WINNET) Winteler+12

» large ODE system (5800
nuclei)

-10

1og10Y

Ao
A ,4'\‘\4”\ o
V

-15 > = Y(A’Z) (t) and Qnuc (t)

(snapshots from network movie, courtesy of D Martin

. e
Neutron number N and O Korobkin. Mass model: FRDM from Moller+ 1995)

end of r-process: [3-decays
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r-process nucleosynthesis in BNS mergers

Where and how do heavy elements form (above Fe group)?
» n-capture processes (rapid (r) or slow (s))
» conditions for r-process: n-rich matter (possibly at high
entropy): high n-to-seed ratio — tn capture < tg g, Hoffman+ 98
» verified in BNS merger ejecta e, Korobkin+12, Bauswein+13, Hotokezaka+13,
Wanajo+14, Fernandez&Metzger 13, Just+14, Perego+14, Martin+15, Radice+2016, Bovard+17, Wu+17 ...

t:1.16e+02s / T: 0.01 GK / pp : 2.48e-04 g/cm®

» detailed nuclear network

" F (e.g., WINNET) Winteler+12
3 _ » large ODE system (5800
e 2 nuclei)

40

-15 > = Y(A7Z) (t) and Qnuc(t)

» (snapshots from network movie, courtesy of D Martin

50 100 150 560
Neutron number N and O Korobkin. Mass model: FRDM from Moller+ 1995)

long term nuclear decays
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r-process nucleosynthesis in BNS mergers

Where and how do heavy elements form (above Fe group)?

>

>

t

n-capture processes (rapid (r) or slow (s))

conditions for r-process: n-rich matter (possibly at high
entropy): high n-to-seed ratio — tn capture < tg g, Hoffman+ 98

Verified ln BNS merger ejeCta e.g., Korobkin+12, Bauswein+13, Hotokezaka+13,

Wanajo+14, Fernandez&Metzger 13, Just+14, Perego+14, Martin+15, Radice+2016, Bovard+17, Wu+17 ...

19.95e+05s / T: 0.01GK / pp : 3.91e-16 glem®

80 *

60

Proton number Z

40

N 2-20)

Albino Perego
13

S0 (2:50)

A,
50 100 150 200
Neutron number N

nuclei reach valley of stability

0

» detailed nuclear network

- (e.g.,, WINNET) Winteler+12
_ » large ODE system (5800
g nuclei)

_is > = Y(A,Z)(t) and Qnuc (i’)

(snapshots from network movie, courtesy of D Martin

and O Korobkin. Mass model: FRDM from Moller+ 1995)
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Matter Ejection Channels

» why different ejection channels?

» different physical origins and timescales
» which implications from different channels?

» different amount of mass and expansion velocity
» different Y. — composition (r-process nucleosynthesis) —

photon opacity, k-

> ejecta properties affect kilonova emission

102

E %
E o

Abundance
-
o
&

Albino Perego

L e Ty ©
0 '-l\.‘:
F Lanthanides **

T T "
¢ Solar Abundances

Y, 2 0.25 ¥, ~ 0.15-0.25 ¥, < 0.15

Actinides |
. .

el o 1oy
60 80 100 120 140 160 180 200 220 240

Mass Number

» no lanthanides: low
opacity (k < 1cm?/g)

» presence of
lanthanides: increased
opacity (k ~ 10cm?/g)

Courtesy of G. Martinez-Pinedo
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Dynamic ejecta from BNS merger

>

y [km]

Albino Perego

tej,dyn ~ few ms and v qyn ~ few 0.1 ¢
Mej,dyn ~ 1074 - 10_2M®
tidal: equatorial, low Y., high opacity (~ 10cm?g—1)

shock: equatorial+polar, higher entropy
larger Y. due to weak interactions, at high latitudes (lower
opacities: ~ 1cm2g~1)

P.
Kodama-Takahashi -------

108 b1 L L L L
120 140 160 180 200

Mass number A Korobkin+12

Bauswein+13
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Dynamic ejecta from BNS merger

v

tej,dyn ~ few ms and vgj 4yn ~ few 0.1 ¢
Mej.dyn ~ 107 = 1072M,
tidal: equatorial, low Y, high opacity (~ 10cm?g—1)

v

v

v

shock: equatorial+polar, higher entropy

larger Y. due to weak interactions, at high latitudes (lower
opacities: ~ 1cm2g~1)

SFHo: (1.35 + 1.35) My; v cooling only

SFHo: (1.35+ 1.35) M; v cooling and heating 107!
107! T T T T

Mass fraction

1072 F

Mass fraction

5]
1
5]
&
Mass fraction

Electron fraction

Electron fraction
Mass fraction

40 60
40 60 Polar angle
Polar angle

Perego, Radice, Bernuzzi 17, Radice, AP + submitted
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Wind ejecta from BNS merger

» due to neutrino absorption inside the disk

> tejwind ~few 10’s ms and vgj wina S 0.1 ¢
> Mej,wind S 0.05Maisk
» polar character, with low opacity (< 1em?g1)

[uokseq/®y] Adosug

§ o0z 30
—  — g
viscous accreting g o
evaporation” matter w 2
A
W€ =y absorption \ S o 10
005
accretion disc  hot HMNS y_griven wind ) " ’
x[100 km]
Perego+14, MNRAS; Martin, AP+ 15, Ap]
Albino Perego GEMMA 2018 Workshop, Lecce, 07/06/2018 18 /37



Wind ejecta from BNS merger

» due to neutrino absorption inside the disk

> tejwind ~few 10’s ms and g} wing S 0.1 ¢

> Mej,wind S 0.05Maisk

» polar character, with low opacity (< 1em?g1)

T

|='90ms Us —
VR —
JHK —

1041

o [£

nsl.4-nsl4 |=
90 ms

140 ms
190 ms

IX;-m [10™ Mo)
WL, [erg’s]

-4

A

nucleosynthesis (dynamic + wind)

Martin, AP+ 15, Ap] broadband light curves (L: wind, R: dynamic + wind)
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Viscous (secular) ejecta from BNS merger

>

vV v VY

v

ejecta mass (10'4 M,)

due to viscosity and nuclear recombination in the disk

tejsec ~ few 100’s ms and Ugj sec ~ few 0.01c

broad distribution of n-rich matter (0.1 < Ye < 0.4)
Mejsec ~ (0.2 — 0.4) Myisk

all solid angle ejection, intermediate opacity 1 —10cm?g~"

E T T T T T
- - - i ’S ' soiar r abulndanceI
E 3 2 ~3 FRDM+QRPA —
E ~ - D3C*+QRPA ----
E E I :
E 3 :
3 3 El !
E = Y
E i =2
E <

Il 1 1 1
0.1 0.15 0.2 0.25 03 035 0.4 50 100 150 200 250

mass number, A
Ye,S

Wu+16, see e.g. Just+15,Lippuner+17, Siegel& Metzger 17

Albino Perego
13
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Anisotropic & multi-component KN model

» Kilonova model that includes our present knowledge
about ejecta

» different ejection channels — multi-component

» explicit dependency on polar angle — anisotropic
» multi-angle (polar angle discretization)
» explicit dependence on observer viewing angle

Perego, Radice, Bernuzzi 17, ApjL

> Mej(e)/ Uej(Q), /iej((g)
» 1D models along each ray

» homologous mass
expansion

>

remnant * disk R

Albino Perego GEMMA 2018 Workshop, Lecce, 07/06/2018
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Interpretation of AT2017gfo

AT2017gfo, EM counterpart of GW170817: can we explain the
observed light curves in terms of the ejecta properties?

Perego,Radice,Bernuzzi 17, ApJL

see also, e.g., Abbott+ 17 (ApjL), Tanvir+ 17, Villar+ 17, Murguia-Bertier+ 17, Tanaka+2017, Kasen+2017...

_18 Light curves for best fits: visible bands _18 Light curves for best fits: near-IR bands
Solid: BF
— =16 Dashed: BF. ——16
by - Dotted: BF,,, by
a 3
o o -14
- =
© ©
3 g-12
2 2
é .5,
g 2-10 T
E E —
q ) z
< < -g{—J
H
— K.
-6 1.0 10.0 -6 2 4 6 g 10 12 14

Time [days]
» global properties for AT2017gfo
» anisotropic and multicomponent ejecta
> Mejtot ~ 0.05Me), Ogps = 30°, Mgisk ~ 0.1M,
» low-opacity material at high latitude! neutrinos @ work!

Time [days]
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Tidal deformation in BNS mergers

Neutron star in an external, inhomegeneous gravitational field
becomes tidally deformed

Qij = —A&
o ﬂ_.|....]uu|n..,....[....,::.|...x||||||.;L 2 RS
E = fhoron ~oms EE A — 77k
(3 G 2)

[kam]
|
I
v

Qi quadrupolar moment

£ij = Fo tidal field

ko quadrupolar tidal
polarizability

|
T
v

\4

Haas+16

R radius of the star

v

A depends on EOS and mass of the star (M, R = R(EOS, M))

Albino Perego GEMMA 2018 Workshop, Lecce, 07/06/2018
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Multimessenger constraints on nuclear EOS

» GW signal has encoded information about k, and M of
both stars

» GW170817: A < 800 (90 % CL, abbott17)
i.e. exclusion of very stiff EOS

(Ma + 12Mp) M4 ALY
(MA + MB)

(1) Cz R; ° . _
A k G M l:A,B & q:MA/MB
1

can EM signature, in combination with NR simulations of BNS,
set a IOWer bound on A7 Radice, Perego,Zappa,Bernuzzi 17

A=

+ (A + B)| = A(EOS, Mchirp, )

13

Albino Perego GEMMA 2018 Workshop, Lecce, 07/06/2018
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Constraints from BNS simulations in NR

T e 09 YT 1
E:_ 02f ? v 1 » for Mg qyn, hard to find
210k 3150 1 correlations
10-4 o : » Mgisk: clear correlation
50633 g Ld with A that reflects
— 10'F H E| . . e
B i correlation of tgy with A
T a o O BHBA¢
10°F 0 @ o LDSDZZZD 1 » for Mgk Z O'OZM(D/
5 o s Mj gyn subdominant
10% 10°
A

Radice, Perego, Zappa 2017

Mejtot 2 0.05M, suggests a lower limit on A:
A > 400
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GW and EM constraints on NS EOS

— H4  —— BHBA} MPA1  —— SLy
— HB  —— ALR2 — ENG  —— APR4

— DD2  — 15220 SFHo ~ —— FPS > A(EOS,MChirP — 1118M®,q)

T T T T

1000 3J

— Abbott+2017
—— Gwwosir |

YT calculation of A for different

< 600 - — EOSS
soof 1 » constraints from
AT2017gfo | . .
B interpretation of EM
0586 07 o5 05 10 observations exclude very soft
! EOS

Radice, Perego, Zappa 2017

» genuine multi-messenger approach

» caveats: still large uncertanties, several approximations
and a few hypothesis

» valuable proof of principle

Albino Perego GEMMA 2018 Workshop, Lecce, 07/06/2018 26 /37



Super-Keplerian Long-Lived Remnant

0.0 » quantitative merger
. - s o e - .
016 = st prediction require
N by Y Viscosity runs . L.
E : Numerical Relativity (NR)
0.08 . .
. imulation,
0.04 ~ +'+ s O s

b= 021" ] T, N » NR BNS database
R R itoatl i Gl

& CoRe collaboration, Dietrich+ submitted
,,,,, w—‘fv.%uw#!'—i”'—ﬂh 8§ A
= Spindata ~0.3— . .
24 26 28 30 32 34 36 => eGW and ]rem correlate:

Jrem GW emission is driving

Zappa+ PRL 2018 . .
mechanism during merger

4.00 ; ; - . ; 3.74
DD2
151 1 » (SMNS are
. n Y- .
:) 3.50 13.39 - Super_Keplerlan
= 395 1205 =
< **Z » robust and EOS
00 17 independent feature
2.75 J2.54
(1.35 4 1.35) Mg — MO ) )
o & ! N ! N o o Radice, AP + submitted
2.50 - L L L L 1232
J[Ge M2
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Possible Signatures of long-lived Remnant

AB magnitude at 40 Mpc

> tgw > tvisc
00 T
ok {  » removal of angular
ok ] momentum through
wh ] viscous processes
Disk ejecta . . .
sof W Romnant cects » disk viscous evaporation
=k I RNS 1 . .
DD2 - (135 + 135) Mo - Mo » additional viscous
- . . .
S processes from the central
P c ®.
NS?
b 0.01 1\/'19 ~0.06 M, j V] oo 1*/;@ - 0.06 Mg j J1 b om lv}@ - 0.06 Mg j K ]
m 0.06 Mg —0.18 Mg B 0.06 Mg - 0.18 Mg m 0.06 Mg —0.18 Mg
,,,,, 0.03 Mo Kejidisk = 5em?g ™! DD2 — (1.35 + 1.35) Mg — MO
— 0.06 Mo ] Keins = Lem?g ™1 —— BHNS - 0.18 Mo ]
——- 0.08 Mg
—-- 012 Mg ] 1

5
Time [days|

10

20
Time [days]

L
150 10

n
20 40 60

Time [days]

30 0

bright visible and IR peak: possible signature of stable MNS

Albino Perego

GEMMA 2018 Workshop, L

Radice, AP+ submitted
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Magnetar Model for SGRBs?

how do MNS spins compare with spins required by magnerat

models of SGRB?
108 T T
| T T T
| 1.2 —— BHBA¢ 1.5220
* - — DD2 —— SFHo ]
107 L ]
| -
5 ( ) #’ *‘* 1LOF e
= Y- * -
S et itk 2
S100 L Rt ;, 4+ 4 =
® (R o8t 1
T Fle *re T+
° o+ A
i ) + % +**
101 — 0.6 g
I
01 * + F— 1 n | -
| 1.5 2.0 2.5 3.0 3.5
10" L My Mg
0.1 10 100
Period (ms)
Radice, AP + submitted
Gompertz+ 2013
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Summary and conclusions

» weak reactions and neutrinos play a central role in BNS
mergers, matter ejection and kilonova modelling

» multi-component, anisotropic KN model for AT2017gfo,
including influence of weak reactions

» genuine multi-messenger constraints on nuclear EOS from
GW and EM counterpart

» NR simulations adeguate tool to predict GW signal and
remnant properties

» bright visible and IR kilonova signal: possible signature of

— Hi  — BHBA$ MPAI sty
HB — ALF2 —— ENG —— APR4
_ 15 Light curves for best fits: near-IR bands o pp2 s SfHo s
16 1000}
S GW170817
S -14 800 -
®
g-12
% < 600}
F
& 10—
H X a0} ——
2 gl|—1 AT2017gfo |
i ——
— K 200+ Mehip = 1.188 M
2 4 6 8 10 12 14 1 i L L
Time [days] 05 06 07 08 09 10
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How robust are dynamic ejecta propeties?

Martin, Perego, Kastaun, Arcones 17, CQG; cf. Goriely+ 15, MNRAS

» shock heated dynamic ejecta from GR simulation  kastaun+17

» postprocessing of tracer particles to include v’s feedback

10* capture low luminosity

Mass [My]
= =
C S

& e

—
o
<

7
:
+
.
:
:
:
:
.
i
:
:
:
:
.
H

—
o
IS

medium luminosity high luminosity

10°

Mass [M,]

10°°

107

0.0 0.1 0.2 0.3 0.4 0.0 0.1 0.2 0.3 0.4 0.5
Electron fraction at 8.0 GK Electron fraction at 8.0 GK

Martin+ 18, CQG

[isotropic v emission with increasing intensity]
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How robust are dynamic ejecta propeties?

» shock heated dynamic ejecta from GR simulation

Martin, Perego, Kastaun, Arcones 17, CQG; cf. Goriely+ 15, MNRAS

Kastaun+17

» postprocessing of tracer particles to include v’s feedback

1073

Abundance Y

Abundance Y

capture

low luminosity

|

50

100 150
Mass number A

2000

50

100 150
Mass number A

[isotropic v emission with increasing intensity]

Albino Perego
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Kilonova model

>

see Grossman+ 14, Martin+ 15

homologous expansion (from long term simulations)
3
M= J7 (0 @0 e = (1- (nim))
nuclear heat (computed by nuclear network)
Qheat ~ QO(tdayS) 13

» impact of weak r-process nucleosynthesis:
shorter 5 decays lifetimes
» opacity due to r-process elements?  c.g, Tanaka+13Kasen+13 Wollaeger+17
time [days] T
10 10 102 10° 10°
=10% Foos " avera jectory ——
> x . ged trajemor¥
] == g =0
s e =05
S gt f W=02 T
:
o2t
E 108 05 ; :
2 : : ; R 0250 bin 3‘: 30 -45\ 1 bin 4‘: 45 -60‘ |
102 10° 102 104 108 0.01 0.1 1 0.01 0.1 1 10
time [sl time [d]
Korobkin+ 12; see also Metzger+ 10 Martin+ 15

Albino Perego
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Modelling of BNS Mergers
BNS inspiral & merger modelling: Numerical Relativity (NR)

>
>

>

Albino Perego

NR: the art of solving Einstein’s equations on a computer
large computing resources, parallel and HPC codes

large parameter space:
Mu, Mg, Sa, S, e + uncertainties on NS EOS

largest database of BNS mergers in NR (~ 164
configuration, > 300 simulations)

2 different NR codes
» BAM Thierfelder, Bernuzzi, Briigmann PRD 2011
» WhiskyTHC Radice, Rezzolla, Galeazzi MNRAS 2013
g<206, 24<My+Mp<34, 8different EOS

(g =Ma/Mp 2 1)
different numerical resolutions and schemes

CoRe collaboration: Dietrich+2018 submitted

GEMMA 2018 Workshop, Lecce, 07/06/2018



BNS remnant properties

— Ap/M e Moment of merger —— Mwyy —— R(rhp)/M —— L
0.6/ EOS:2B My~ 1.350 ||l EOS : SLy M, — 1.350 EOS: MS1b M, =1.600 EOS:MS1b M, =1.350 20

Mp=1.350 Mp=1.350 Mp=1.600 Mp=1.350 N

=1

,E X

: z
3
g

8 — g

=

[

~%2[Type I: Prompt collapse Type Il: HMNS Type llla: SMNS Type lllb: MNS 10
1900 2100 2300 2100 2300 2500 1100 1300 1500 1700 2200 2500 2800 3100

t/M t/M t/M t/M
Zappa, Bernuzzi, Radice, Perego, Dietrich PRL 2018

» NS masses and EOS — direct impact on remnant fate and
imprint on GW signal

possible remnant fate:

v

prompt collapse to BH

» hypermassive NS (HMNS)
» supramassive NS (SMNS)
>

massive MNS
however, post-merger signal not detectable by Advanced Ligo
and Advanced Virgo LVC ApJL 8512017

Albino Perego GEMMA 2018 Workshop, Lecce, 07/06/2018
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GW luminosities of BNS

______ Lol L 1. 1. . L. =
~ 102} = BH o BAM >
A N B HMNS v THC t
o ho% SMNS -~ Fit 1057 &
= 3 . MNS -- BBH [Keitel et al. 2017] S
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how luminous are BNS at peak?
> Low peak S 107°Lp with Lp = ¢°/G ~ 3.63 x 10°%ergs™!
» significantly smaller than BBH
» prompt collapses: largest Lgw, peak
> Lcwﬁpeak(qz /v?) correlates with r5

> kh: combinations of quadrupolar tidal polarizabilities

> v =MsMp/(Ms + Mp)? <1/4
A B/( 4 B) - / Zappa, Bernuzzi, Radice, Perego, Dietrich PRL 2018
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GW energies of BNS

0.18 3 [r——— x egyw Total energy
up to merger
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how energetic are BNS?

ecw = Egw/(Ma +Mp) $ 0.2

Egw < 0.126 Moc? (M + Mp)/(2.8Me)
HMNS: largest EGW LGW,peaktGW

ecw weakly correlates with x1

> «I: combinations of quadrupolar tidal polarizabilities

vV v.vYyyYy

Zappa, Bernuzzi, Radice, Perego, Dietrich PRL 2018
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