b7 W K7

Astronomy Department, Beijing Normal Um\ er51ty

al ULy
Y

Il=

J ~J

JERIMYE K2R LR

2016/08/16

T JRLHAASO-& VE2H 218

K




e

-

Strain (1072%)

Frequency (Hz)

51 TR R FRHRE £ 2K

GW150914

Hanford, Washington (H1)
T T

Livingston, Louisiana (L1)

—— Numerical relativity
Reconstructed (wavelet)
mmm Reconstructed (template)

— Numerical relativity

= Reconstructed (template)

Reconstructed (wavelet)

[(resiowa] ‘ . | [Erea | ‘ |
8
6
4
2
= T S O
030 035 040 0.5 030 035 040 045
Time (s) Time (s)
Primary black hole mass 3613M,,
+4
Secondary black hole mass 297, M
Final black hole mass 627IM,

Final black hole spin
Luminosity distance

Source redshift z

0.6750%
4101 Mpc

0.09%54

Abbott et al. 2016, PRL, 116, 061102

Normalized amplitude

Strain (1072%)

SNR

Frequency (Hz)

Accumulated
SNR,

GW151226

Livingston

Hanford
0.6l ' ‘ ‘
03}
0.0 s N WJ m‘"'
03} \
0.6} i

[
o

T T T T 7T

=
NONROOOOON SO ®
T

51
256
128

w o
N B

L —

-1.0 -0.8 -0.6 -0.4 -0.2 0.0 -1.0 -0.8 -0.6 -0.4 -0.2 0.0

Time (s)

Time (s)

Primary black hole mass
Secondary black hole mass
Chirp mass

Total black hole mass

Final black hole mass

Radiated gravitational-wave energy

Peak luminosity
Final black hole spin
Luminosity distance
Source redshift z

142183M
7.5533Mo
8.9203Mo
21.899M o
20,8177 Mo

1050 M o ¢
3.3708 x 10% erg/s
0.74733%

4407180 Mpc
0.09°98:

Abbott et al. 2016, PRL, 116, 241103

ONDPOORERFEE

oN O

Normalized Energy




e

-

51 AR R MM RMEZE X

GW1509144i &

FEMIRE: 600G E
Abbott et al. 2016, PRL, 116, 061102

« RERXTFREML:

* 5l J3P K FL B B

* HAEI B S RIRIFRIR
WL JIRIREI KA B

i CEean s SR R
BEERE)

» A 5| J38IER I T 1)L

Iz 1% (ARAER )




e

51 773K

’Ei%/

o FERIEAY ) EE s

3, B o N A 55 B LK
ol

o FDHEA BT
o BEE IR SLIL )G B 5] J13 R

°ﬂ%%

o 5 /1BE T / S S ERE RN S

p

o A ELEMR,;
e RARLELFERE;

GWAC-EP

S ST




g ™
S| TR EMERZESEICIRE

XA &
o SRR HL? XU EIE T R —ME
B R — 3y D E AR A
1 B -BE S
o FmE
* Kilonova
A+ B IHE
o HHE T HUR T IE RO
Tk
: ﬁﬁ%%%%%?lw

i -~ ﬁ
inspiral g & k‘j . i
' / merger X hypermassive NS o Y ‘BH
’ s 7 ringdown
flHz] < 1kHz L 2t »5 5-6kHz  6.5-7kHz
Kiuchi et al. 2010, PRL, 104, 141101) Bartos, 1., Brady, P., Marka, S. 2012, arXiv:1212.2289

-




a N
W 22 6 & B 7 X f Ak ?

GBM detectors at 150914 09:50:45.797 +1.024s

GBM (Fermi) : 8keV-40MeV; ~70% KX 5600 . .
5400} R
GW150914—GBM: 5I7J(55Z)50. 4sHF0E 50| @,ﬁm}gﬁ?}
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GBM detectors at 150914 09:50:45.797 +1.024s

GBM (Fermi) : 8keV-40MeV; ~70% KX 5600 e —— .
5400 1
GW150914—GBM: 5I7J(55Z)50. 4sHF0E 50| @,ﬁm}gﬁ?}
R T IsEANEXSEE CeFREAT 3. | H} }
50keV) l
':4800

. * 4600} 1 }
4 ) S Sscascaans 4400} l }

T 4005 2 1

_ _ relative time [s]

BRI ?
B = ZhangB 2016, arXiv:1602.04542
R f o= raEnan T KB REYR T F—MER ?
B> e eSSSRLr Loeb A. 2016, arXiv:1602.04735
= MBI 2 — /> BN AR ?
Perna R.+ 2016, arXiv:1602.05140

Connaughton V. 2016, arXiv:1602.03920 GW150914 KA 5] J7 485 ?
\_ Zhang $.N.+. 2016, arXiv:1604.02537 /
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GBM(Ferm) 8keV-4OMeV

counts rate
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Time relative to GW TO (s)
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RA Dec SC | SC | Nal BGO Prob.
o ] 0 1 2 3 4 5 6 T 8 9 10 11 0 1 %

83.98 -72.85 | 342 | 160 | 144.8 | 122.0 | 83.1 | 117.8 || 76.1 || 71.2 ||161.5 | 142.0 | 97.3 |(|149.2 | 103.3 | 108.6 (| 70.8 ||109.2 | 12.1
101.99 | -73.87 | 349 | 156 | 139.9 | 117.1 | 79.2 | 115.2 || 75.4 || 66.5 ||161.6 | 145.5 | 101.3 |[149.4 | 104.1 | 113.4 ||66.1 |[[|113.9 | 10.0
118.31 | -72.94 | 354 | 151 | 134.9 | 112.3 | 75.6 | 112.0 || 74.2 || 61.6 ||159.9 | 148.3 | 105.0 |[149.3 | 105.4 | 118.3 ||61.3 |[|118.7 | 10.3
132.04 | -70.44 | 357 | 147 | 129.9 | 107.6 | 72.4 | 108.5 || 72.8 || 56.7 ||157.0 | 150.1 | 108.3 ||149.0 | 106.9 | 123.2 || 56.5 ||123.5 | 11.2
140.85 | -66.63 | 358 | 142 | 125.2 | 103.3 | 69.9 | 104.4 || 70.7 || 51.7 ||153.1 | 150.5 | 110.9 ||148.7 | 109.0 | 128.2 ||51.5 |[|128.5 | 10.3
147.53 | -62.51 | 359 | 137 | 120.3 | 98.8 | 67.4 | 100.3 (| 68.9 || 46.7 ||148.8 | 150.2 | 113.5 ||147.5 | 110.9 | 133.2 ||46.5 ||133.5 | 7.4
151.18 | -57.97 | 358 | 132 | 115.5 | 94.5 | 65.5 | 96.0 |[66.9 ||41.7 |[144.3 | 148.8 | 115.6 |[146.2 | 113.0 | 138.2 |[41.5 |[138.5 | 5.8
153.363 | -53.091 | 360 | 127 | 111.2 | 90.8 | 64.7 | 91.2 [ 64.0 || 37.0 ||139.4 | 145.9 | 116.5 ||145.2 | 115.9 | 1429 || 36.7 ||143.3 | 3.7
153.933 | -48.239 | 359 | 122 | 106.7 | 87.1 | 64.0 | 86.6 [ 61.6 || 32.2 ||134.5 | 142.8 | 117.4 ||143.5 | 118.4 | 147.7 ||31.8 |[|148.2 | 1.8
155.331 | -43.208 | 358 | 116 | 102.5 | 83.7 | 64.1 | 81.7 | 58.6 || 27.7 ||129.5 | 138.9 | 117.4 ||141.9 | 121.4 | 152.1 || 27.1 |[|152.9 | 2.0
151.172 | -7.256 | 342 | 84 | 754 | 66.7 | 76.2 | 45.6 [ 39.5 ||21.9 ||93.6 | 105.2 | 105.6 ||124.1 | 141.1 | 157.9 || 187 ||161.3 | 4.8
Sigma of excess: 1.3 1.8 [0.6/1.1 24{1.7/1.3 1.6 1.5|22/1.6 0.7 |2.3|2.6
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2) WA 30N A HBEE R A,
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R F

(3)

FLRSRLIE 2 PR B~ 1%, SIS

Network LIGO+Virgo (LLV) LIV+LIGO India LLV+KAGRA LLV+LIGO India+KAGRA
NS-NS Isotropic 5.0% (15) 3.3% (20) 3.2% (20) 2.1% (30)
NS-NS Beamed 1.1% (19) 1.0% (26) 1.0% (25) 0.9% (30)
NS-BH Isotropic 4.9% (16) 3.5% (21) 3.6% (19) 2.0% (30)
NS-BH Beamed 1.2% (18) 1.0% (25) 1.1% (24) 0.9% (30)
Nissanke etal. 2013
Table 2 Systematics error budger on H,: past, present, and future
Known Key Project Revisions Anticipased Basis
Systematics 2001) (2007 /2009) S‘p:’n:.&,{]%’ﬂ'[‘)

(1) Cepheid Zero Point

+0.12 mag

=+ 0.06 mag

=+ 0.03 mag

Galactic Parallaxes

(2) ﬁ."lt:tal]icit_y

4 0.10 mag

=+ 0.05 mag

4+ 0.02 mag

IR + Maodels

(3) Reddening

=+ 0.05 mag

=+ 0.03 mag

= 0.01 mag

IR 20—-30 = Rcduced

(44) Transformagdons

+ 0.05 mag

=+ 0.03 mag

4+ 0.02 mag

Flight Magnitudes

Final Uncercainry

=+ 0.20 mag

=+ 0.09 mag

= 0.04 mage

Added in Quadrartare

Percentage Error on f1,

=+ 10%

+=5%

=+ 296

Distances

Freedman & Madore 2010
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Instrument Energy Range FoV Sensitivity Exposure Time Response Time Ref
[deg?] [ergsec™! cm™2]

Swift - BAT 15-300 keV 4600 1.2 x 1078 - Coincident Observation [1]
Swift - XRT § 0.3-10 keV 0.15 6 x 1012 10 1-2 hours [1]
Fermi - GBM 8keV —40 MeV 30000 4x1078 - Coincident Observation  [2]
Fermi - LATY 0.02-300 GeV 8000 1.4 x 10~7 100s 30s post GBM trigger (2]

CTA b 0.03 — 100 TeV 6 — 8deg? 6 x 1072Q 25GeV 1000s 20-60secs 3]
CTA (Survey mode) i  0.03 — 100 TeV ~ ~1000 deg? 6 x 1078@ 25GeV 1000s 20-60secs 3]
H.E.S.S. b 0.05 — 20 TeV 15 ~6x 1078 @ 25GeV 1000s 30s [3]
SVOM - ECLAIRS 4-250 keV 89 7.2 x 1010 1000s ~ 1-2 hours [4]
SVOM - MXT 0.2-10 keV 64 arcmin 5.6 x 10711 10s ~ 1-2 hours [4]
A\ —
- B
Telescope FoV Limiting Magnitude  Exposure Ref
[deg?] R-band
TAROT 3.5 18 60 [1]
SkyMapper 5.7 21 110s 2]
Zadko 0.15 21 180s (3]
Pan-STARRS 7.0 24 30s [4]
GOTO 18.0-36.0 21 5m (5]
BlackGEM 40.0 22 5m 6]
Zwicky Transient Facility (ZTF) 47 20.5-21 30s [7]
Ground based Wide-Angle Camera (GWAC) 8000 16 10s 8]
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Im ﬁ EE ]‘Z—E_ ,'E% ﬁ):l: ?’E Chu, Howell, Rowlinson, Gao et al., 2016, MINRAS
U F B A

Name Frequency Range FOV (sqg-degs) limiting flux density Response Time  Ref
[sq-degs|
MWA 80-300 MHz 610 deg?@150 MHz 20mJy < 10s of secs (1]
ASKAP 700 MHz-1.8 GHz 30deg?@1.4 GHz 640uJy beam! (10s int) < mins 2] t
LOFAR LBA (Inner) 10-90 MHz 450 deg?@60 MHz 5 mJy @60 MHz < min (3]
LOFAR HBA (Core) 110-250 MHz 48 deg?@180 MHz 0.6 mJy @180 MHz < min (3]
APERTIF 1-1.7 GHz 8 deg?@1 GHz (>100 deg?)f 0.1 uJy 4]

NEEEE / RNEE TR v ek (WRAERTE) it aEmHE 53wl

‘ TARGET TIME RANGE Gamma X-ray Optical/IR Radio

(s)
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Other Signals FRB (early) -5-10
FRB (late) 10-10000

Response fast enough
FoV within range
Response too sl

Fast response
FoV too small
Response too slow Predicted

+ FoV too small ) /

Observed

N
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FIG. 1. Examples of the evolution of neutrino energy €, and
neutrino fluence f, for different dynamics: Case I (dash-dot),
Case II (solid) and Case III (dash). Blue lines represent ¢,
and green lines show f,. Model parameters: ng = 1,5 = 0.1,
oo = 107 and Ry = 10”. Assuming the NS+NS merger event
happens at 300Mpc.

Gao+, 2013, PRD, 88, 043010

E?QI‘,(\‘)(GeV cm™?)

E? ¢,(v)[GeV cm?]

R A FE300Mpe Ak P B FE S
E ~PeV
£,~10” GeV cm™
=) N._~10"/event
300 Mpc LA B F: 0.1~10° yr!

— o o e

— oy,

104k

GRB: (300Mpc)
107" GeV ecm™

GRBEH %
~10 yr‘1

L !
10 10° 10°

E, [GeV]

He-1|0-5, 2012 /




