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- Host Galaxy Properties
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GW170817: NS-NS merger
Multi-Messenger Astronomy

2017-08-17 GW event marked the start of MMA using GW and EMW signals
3700 (39@Korea, 45 countries, 900+ institutions, 80 facilities ), 59 page ApJL paper
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Short GRB (< 2sec): NS merger
Long GRB (> 2sec): massive star

EM sighature from
NS-NS merger

Jet—ISM Shock (Afterglow)
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Three questions

* Binary neutron star merger = short GRB-like event?
« EM counterpart = Kilonova? — Blue or red? Brightness?

« Environment of NS merger? Host galaxy property
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What we learn?

Short GRB connection

Binary Neutron Star (BNS) merger timescale: short (< 3 Gyr)
or long (>> 10 Gyr) (e.g., O'Shaughnessy & Kim 2010)

Natal kicks: 5-500 km/sec (e.g. Fryer & Kalogera 1997)
100km/sec x 1 Gyr = ~100 kpc




Short GRB host galaxy: type

Sub-arcsec loc. + XRT
Host-less Assigned

Sample: 36

Inconclusive
28%

Fong et al. (2013), Berger (2013)



redshift

Short GRB host galaxy

Berger (2013)
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Short GRB host galaxy: mass
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« Median stellar mass: ~10'° M,



Short GRB host galaxy: age
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Short GRB host galaxy: SFR

Grey:
long GRB host

Thick square:
short GRB host

Stars: field galaxy

| Berger (2013)
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Short GRB location

Berger (2013)
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« 25% at < R (Fong & Berger 2013)
Natal kick?



Facilities for EM follow-up

Korea:
SNUO 1.0m, 0.6m, SOAO 0.6m,
Maidanak: BOAO 1.8m, DOAO 1.0m
1.5m Telescope US: LOAO 1-m

MTNet 1.6m  Australia: 0.43m LSGT US: McDonald 2.1-m,
Telescopes + iTelescope.Net (SSO) 0.8m, 0.25m




KMTNet Image of GW170817
Host galaxy: NGC 4993 @40Mpc

KMTNet-SAAO 08-18




GW170817 Environment

e Host galaxy: NGC 4993 at ~40 Mpc

« KMTNet (BVRI), LSGT (u), HST data (F606W), 2MASS (JHK),
WISE (W1,W2,W3 W4) GALEX (FUV, NUV)

t=6.50Gyr
t=4.25Gyr
t=10.0Gyr
t=12Gyr (Piovan)

log (F,)

26

e 3.5 4.0 4.5 5.0 5.5
O e Mo Aoy farraoc Iog (Wavelength [A])

Im, M., et al. (2017, ApJL) [Oct. 3, submitted, Oct. 13, accepted]



NGC 4993 is ~E (Y Yoon)
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« Galfit SB fitting

e Sersicindexn=3-4,B/T=07-1.0
« Ry =10"-15" (2-3 kpc)

 E rather than SOa



Disturbed morphology
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Im et al. (2017)

« Dust lane and tidal shell suggest NGC
4993 has undergone merger activities
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NGC 4993 stellar population

(SK

— t=6.50Gyr
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Age: > 3 Gyr
No SF
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FP distance to NGC 4993

3.6um

log r. (kpc)

Jun et al. (2008)
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FP Distance to NGC 4993

log . = alog o, + blog (), + ¢

~ (Carter et al. 1988; Beuing et al. 2002;
o ~ 180 km/sec Wegner et al. 2003; Ogandao et al. 2008)

Filter Distance Mean Distance
(Mpc) (Mpc)
B 31.7° 34.7". 36.4°, 41.7 36.1 (4.2)
Vv 31.8% 33.0°, 32.3', 41.8¢ 34.7 (4.7) 17 FP parameter sets
R 36.2%, 41.34 38.8 (3.6)
I 36.9% 44.6°, 46.9¢ 42.8 (5.2)
J 38.8° 38.8 2 D, = 37.7 + 8.7 Mpc,
H 39.6° 39.6
K 44.1%, 284" 36.3 (11.1) = or DL =384 + 8.9 MpC
Average 37.7 (5.3) 38.2 2.7)

Im, M. et al. (2017, ApJL)



NGC 4993 summary

E with M* ~ 101011 M

Old (t > 3 Gyr)

No or little SFR (<0.1 M /yr)
R ~ 2-3 kpc (10" — 157)

D, ~ 38.4 +- 8.9 Mpc

NS merger occurred at R=10.23"+-0.08" (25% occurred
at R < R 4 for short GRB)
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o GC-cluster LF based distance: 41.65 +- 3.00 Mpc

Lee, M. G,, Kang, J., & Im, M. (2018, ApJL)



GRB 150101B:
Another blue kilonova?

Short GRB at z=0.1343

Troja, E., ...Lee, SK, Yoon, Y, Im, M,, ... et al. (2018, Nature Comm.)



GRB 150101B properties:
Similar to AT2017gfo (GW170817)
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GRB 150101B host galaxy
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Short GRBs
Long GRBs
C.C. SNe

Type la SNe

Host-normalized Offset 3R/r

Location
R < Ry (25%)
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+ XRT

> 2 Gyr

36
Inconclusive

Sample:

E (22%)
Age

Host-less Assigned

Sub-arcsec loc.

Morphology

GW170817, GRB150101B hosts
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Discussion

e GRB/GW location is close to the center:
Natal kick may not be strong

* Massive, E hosts: NS merger may be
more frequent in E galaxies (c.f. sGRB)

e Old E hosts: NS merger may happen at
old age



Near future prospects

 LIGO/Virgo O3 observation at Feb 2019, Engineering run, Dec 2018
 BNS range: 120 Mpc (LIGO), 65 Mpc (Virgo)

e Burst of GW detections expected

Expected GW events in O3 run
7 BNS

32 BBH
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