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Major scientific achievements:
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No GW from merger remnant detected

Abbott et al. ApJL 851, L16 (2017); arXiv:1805.11579; see also arXiv:1810.02581
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Ri4~11km &F 5L MFEETILHIICHE
BUEHM R/ I AL — a3 #E 8 (Kiuchi et al. 2015; 2018) D REEFREE
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PRI X 2 IRRE T PR ORHIFR

y 7590 FR—ILERORELLLIEE
Mcrit — Mmax,sph + A1\/Irot,rig + AIwrot,diff + Athherm

» §ilBR1: IS5V k— AN ELICHESh TIELESLL
» (AIRFNERBOERZFO//NITKRODIELE) M = 0.01M; DEEREIDE
Mcrit = Mgwi70s17 = 2.74Mg
» BEFEDREAELXNFZONTETIIAESALY (e.g., Bauswein et al. 2017)

» HllfR2: SHEBOXERPIHFEIIRFHTIILEL:
y RFMEETHEREIRILT—REBEDEFINE RSN SIET (e.g. Sun et al. 2017)

Mmax’sph T AMrOt’rig > 2'74M® Shibata et al. 2017)
y  REEAREXIIETETCILAESALY (Margalit & Metzger 2017; Rezzolla et al. 2018

»  FBHES(B,~10°7196) THNILRF LA EE (Ai+ 2018), TL T ? D EEIfF (Piro+ 2018)
BHBISN TS SGRB ZENSTET IL(B, > 101G) LD EEH
Ri4~11km &F 5L MFEETILHIICHE
BUEHM R/ I AL — a3 #E 8 (Kiuchi et al. 2015; 2018) D REEFREE
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T — N ringdown
1 -3 kHz 2 —4 kHz 3
< 1kHz v 5—-6kHz 6.5—7 kHz

M + AM = Z./4M |
max,sph rotrig ~ © Shibata et al. 2017)
» JKEBARERIXET T TIXLSAL (Margalit & Metzger 2017; Rezzolla et al. 2018

»  FBHES(B,~10°7196) THNILRF LA EE (Ai+ 2018), TL T ? D EEIfF (Piro+ 2018)
BHBISN TS SGRB ZENSTET IL(B, > 101G) LD EEH
Ri4~11km &F 5L MFEETILHIICHE
MUEMEXT RS2 —2 a3 #E B (Kiuchi et al. 2015; 2018) D RIEZEFE S



Summary on NS structure constraint
using both GW and EM
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IR R & piE - R T Rk

BYMEDOIRIILEF—(IREHER)
E (nuclear matter) = E(symmetric n,, = n, matter) + AE® + AE@) + ...
EXRIFE: x =n,/(n, +n,) = n,/n (proton fraction)
E(n,x) =EMm,1/2) +Sm)(1 — 2x)%2 + AE®@) + ...
E(n,1/2) & S(n) (IFFIAJLF—) % saturation density n, B Y TR
E(n.1/2) =B + %(1 —n/ng)*+ - (REMEINDIRIEITIEZD)
S(n) = S+§(n —ng) + -

» B :the binding energy, K : the incompressibility,
» S:the symmetry energy, L :the symmetry energy slope
» INLDYEEMNEERICLHO>THIBSN TS
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Summary on NS structure constraint
using GW/EM and nuclear experiments
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» 200 < A< 800 =L oAREAEX(FE-EHFELT)
» P =100 — 200MeV/fm3 at ng~3n, ?
» M EDIERI[FESR(FEAAERE) DFIREREH
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F LD CIEY | bk RS R R O

M=14AM;DPMHEFEFZE 10 S R4 < 13 km
» ENREBA. R FRERIIESH
» HEEXEERZAVNSIENEER
frequency-domain ;E 2 & time-domain JRFZDELY : BT/ NA TS/ AKRFHE?
FUEHREDERDE
FUEBEEEZTRELIEOICIIKREEFHEFENCDE K
» advanced LIGO O design BED#HELL ENKE = RBHKE HETFIHE
» BHOREBBIZESERRICERSNOIRAEADFIENSREE
Event rate [£& LY 1-10/year
MIEAR /I IaL—ay + BRI ATREME DIER

FEOB/RESBCLDF-EHIR AT REE
» Stiffening vs. Softening



F LD CIEY | bk RS R R O

» M = 1AM DHFREFEFZE 10 S R4 S 13 km
y BEHRKEBH. RFREBREEEM

HEREXREEEANSGIENEE
frequency-domain ;R & time-domain SRR DELY : ENT/ N TS AKTFHE?

» Newtonian polytrope Tolman-Oppenheimer-Volkov equations
P=Kp'""""=Kp" dar G;:n (l+ Pﬂ) J[“’ A7 PJ(I_ ZCZM}I, dm _ 47ri7r2
R oc MEmIGm G dr r &’ mc cr dr c”
[>2,., =dR/dM>0 ;.'.""_""""':2-5
I>4/3, , =dR/dK >0 3

» Softening of EOS (I'< 2, K{,)
= decrease of R

» dM/dR determination
provides EOS information

[ ||||||||||||_0'0
________________________________________________ 15 20/5 10 15 20
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Khan et al. PRD 93, 044008 (2016)

Taylor F2 waveform : 3.5PN GW phase
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LIGO and Virgo Collaboration
1805.11579

Low-spin prior (x < 0.05)

Binary inclination 65y 146‘_%? deg
Binary inclination 6;n using EM distance constraint [104] 151f%? deg
Detector frame chirp mass M9 1.197570 booi Ma
Chirp mass M 1.18670 09 Mg
Primary mass m1 (1.36, 1.60) Mg
Secondary mass mg (1.16, 1.36) Mg,
Total mass m 2.73170-01 Mg
Mass ratio g (0.73, 1.00)
Effective spin v [}.UD‘_FS'_SL;
Primary dimensionless spin x1 (0.00, 0.04)
Secondary dimensionless spin x2 (0.00, 0.04)
Tidal deformability A with flat prior 3007790 (symmetric)/ 3001320 (HPD)




LIGO and Virgo Collaboration
1805.11579

» Tidal effect is larger in NR calibrated waveform than
previous model

» PN effects in point particle is also different

» Stronger constraint on lambda for NR calibrated waveform

vy : : ———— : ]
g
15 = PhenomDNRT — PhenomPNRT " |
“[| = SEOBNRT — PhenomPNRT [ .'5'.&;;;,_',',;;_; in tidalel |
TaylorF2 — PhenomPNRT correctioh ,':t
L1OF T Bt e e SN IR RN AR
== ADNRTidal . "'o
S| = A@%ﬁrm leferenq!m total

| 102

Frequency [Hz|



2 (M(D)

S

1.0

0.91

0.8

0.7

TaylorF2
SEOBNRv4NRT
IMRPhenomPv2NRT
TEOBResumS
SEOBNRv4T

meo (M@)

1.401

e TaylorF2
e SEOBNRv4NRT
1.357 = [MRPhenomPv2NRT
— SEOBNRv4T
1301 e TEOBResumS
1.251
1.201
1.151
1.101
1.055 — -
1.6 1.7
my (M)




Constraint on NS EOS
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» 200 < A< 800 =L oAREAEX(FE-EHFELT)
» P =100 — 200MeV/fm3 at ng~3n, ?
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NS-NS merger as origin of r-process
nucleosynthesis

» NS-NS rate from GW170817 : 320-4740 Gpc3yr?

» Mej ~ 0.01 Msun is sufficient for NS-NS merger to be the origin of r-process
elements ! (Abbott et al. 2017)

(Numerical relativity simulations .

GW170817

______________ 104 0.001 0.010 0100
Mej(MQ)



Sekiguchi et al. 2015, 2016
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Braalziin, PEFEZRAELTHR-TEERDEHZELL T S
CETHABOZEERYANDIENTES

TERAMERRK ZRE - ERAREXTEHROKXEF15—FHEK
d:p + 0 (pv*) =0
0¢(pv) + 0 (pv'v*) = —6Y0,p + p6Y0;U
» REAEXZEZSIZETAHEXRMLELS :p = p(p)
» BARTUIVILIEKRTYUARRITHS : V2U = -472Gp

FHEFE a(a=12) DE=EEIDEE (V, volume occupied a)
1

My = d?’xp(t, x) Zf?(f) = — d?’xp(t, x)x"
Va Mg JVv,
BIDEZZF2EBMA L CGESROX, 15— FEKXZFI A
T2 [ pa(=a,p+porU
Ma d 12 Va x( P po )



PLE O EH) P OEH]

dzt
= J d3x (0.p)xt = ——J d3x 0, (pv*)x!
1 . 1 .
j d3x 0 (pv*xt) + — | d3xpvFoxt = —j d3x pv*6L
mq Jy mg
1
= d3x pv'
m, v
dZZ“= J d3x 9, (pv') = — j d3x -0k (pv'v¥) — 6Y0,p + psUo;U |
dt? m, ‘ mg
1 1
= j d3x [-8Y9;p + p6Yo; U]——j d3x [—0;p + po;U |
mg Vq mq Va



H S E N I3HLE OB H ISR E Ly

y BARTUIUYIEEHECEART OO VILEHRZEIZLDNGIZH B

t,x t,x
U(t,x) = GJ d3x' ,0( ,)-I‘G d?’xlp(—,)Z Use1f+Uext
V1 | — x| Vs |x — x|

» BEEHIFXRDEIIICLTEZSD
Fself — d3x [_aip + pa Uself] — d3xpaiUself

V1
t,x'
:do3xp(tx) jd3 ,p( ,)
v |2 — x|
= —Gj d3X d3x, X — x’)Lp(t’ x)p(t’x) =
Vi Vi lx — %

» The integrand is odd under the exchange x < x’, while the domain is symmetric

» Note that the two densities p(t, x) and p(t, x") are conceptually different
p(t, x) : passive gravitational mass density (charge that feels gravity)
p(t,x") : active gravitational mass density (charge that generates gravity)
» The vanishing of the self-force is rooted in the equality of two gravitational mass
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» EEDQHID z, AYTHEDHNIZZLZLEHBERT S
» FEFIDHIODEEy=x—2,1t) ZEA

. 1 .
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» EBE)AERIE
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Constraint on NS EOS
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