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Era of gravitational wave astronomy begun on September 14,
2015 when gravitational wave detectors observed the first

signal from the Universe

LVC, PRL 116,061102 (2016)



GWi150914 T

Collision of two stellar mass BHs into a kerr BH
Signal to Noise Ratio : 24 in two LIGO detectors ' [ ﬁ 1
Peak strain produced roe-21. | N 1

Signal duration 200 msec from 30 Hz L /\/\N-

Masses: 29 Msun + 36 Msun | ! U U
Distance: 1.33 Billion Light Years (450 Mpc)
Power radiated: Equivalent to 3 Msun e e | |

— Numerical relativity

Final black bole mass: 62 Msun . |[— Black hole separation
andl b[d(fk ]ya[e spm 0 67 L === Black hole relative velocity
)

Highly relativistic 0.30 0.35 0.40 045 |
Time (s) ‘

LVC,PRL 116,061102 (2016)
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Nobel Prize in Physics for the year 2017
. e sy et s dilad s l * For the decisive contributions to

2017 NOBEL PRIZE IN PHYSICS the LIGO detector and the

observation of gravitational

‘wdaoes

+ Uniqueness of the discovery:
First direct observation of GW,
First direct probe to binary BH,
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Barry C BarlSh BHs above 20 Msun.
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LIGO-Livingston | Laser {nte.rjérometric
Gravitational Wave
Observatories (LIGO)
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A third LIGO
detector in India
(2025/2026)

Global network of ground based laser

interferometric gravitational wave observatories
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Sensitivity of Advanced LIGO-Virgo during second
observing run O2(Nov2016-Augzo17)
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GW transient searches-modeled

3
e mormee | $Matched filiring:
added with higher convergence : Cross-correlation oftbe data
- - [x1,2/ <0.05 - . with the GR templdte
- - |X1’2| < 0.999 ;
102 H = - [xi] <0999, [xa] <0.05 oo SO
/?D — - O1l-stellar mass search : Ut *’Iémp ld.tesﬁ om gener. dl }
= |- - O1l-Intermediate mass search 7 eldtZ’UZt)/ ‘Z@d‘UQfOr ms with BH
= - spins aligned with the orbital
= TTs Ll £ ' angular momentum
4 GstLAL (M: 2-400 Msun)
S ‘ , o - { Messik etal. PRD 2017]
100 | o . | I PyCBC (M:2-500 Msun)
10V 101 (L) 10? 103 [Canton etal, PRD 2014}
M (Mg
LVC, GWTCI,PRX 2019
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GW transient searches-unmodeled

example of CBC chirp

O S e -------------------- {  * Coberent Wave-Burst: Project the data on the
RWARAWS VAVAVAVAVAVAVATATATA 1 | wavelet domain cbdmcterz'sedby (tz'meﬁeq,scale).
= . . s s ¥ Combine the time-frequency energy from detectors
tme (s , imcorporating possible delays) and obtain pixel
medium short S 8P > P
! energy for each scale.

* Obtain energetic pixels.

* Clustering scheme combines the TF pixels from
different scales which constructs clusters.

+ Maximum likelibood ratio statistic is used for each

cluster to obtain multi-detector statistic.
% 01 Tinefu) 02 03
/ [Klimenko etal PRD 2016] 3
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Significance of the GW triggers

Modeled Un-Modeled

Expected Background Expected Background
—— Foreground —— Foreground
e GW Events y e  GW Events
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LVC, GWTCI, PRX 2019

Foreground trigger with (FAR below 1 in 30 days) and probability
of astrophysical origin > 50% is termed as GW event
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Result of first two observing runs of LIGO-Virgo detectors
O1(Septzo15-fanzo16) Oz2(Novzo16-Augz017)
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Masses in the Stellar Graveyard
in Solar Masses
LIGO-Virgo Black Holes
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What did we learn from

compact binary mergers?



Observed component masses

50
+ Comparable masses ,
q
40 4| 1/2 - Component mass
1/4
Py / range 570 Msun,
‘ ‘ above the 2-s Msun
= 20 - \‘ mass gap.
10 7 '\Sﬂ@;:dssz‘ve system
0 | | | s GW70729 with
0 20 40 60 30 mass ratio q - 0.3-0.8
mi(Me)
GW170817 GW151226 GW170104  mmmmm GW170809 GW150914 GW170729
GW170608 GW151012 GW170814 GW170818 GW170823 LVC GWTC I PRX 20 I 9
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Xeff

Spin components

0.5
0.0 qLow
mdass
—0.5 1BBH : : : :
0.5 7
. s
0.0 1 High Q. <
7‘-%
mdass
—0.5 7 SENEnet 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0
q
GW170817 GW151226 memmm GW170104 wemmm GW170809 memmm GW150914 GW170729
GW170608 GW151012 GW170814 GW170818 GW170823
( 1 2+3q/2 ;) \ll my + xYam2
\p aLx . \ ! s " \ :‘ \ (/‘, .
' \ q- J My + Ty

T S RN, O, Y,
..........

*+ No correlation between
the effective spin and the
mass ratio (comparable

mass binaries)

* Measures moderate spins

centred around zero.

*+ Massive systems

estimate mass ratio

better due to high SNR.

LVC, GWTCI,PRX 2019
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Spin precession

1.00 - m ﬂ ﬂ * Isolated binaries gets aligned
P ' /\ ' with the angular momentum
0.75 -
/ * Binaries formed in the dense
5 0.50 - o | 3 - \ | L environment can have
g i - - I 1sotropic spin distributions

0.25 qF
) \&7} \v} *+ Observations show no
0.00 - precession so far and less
& extreme spins (Vanilla BBH)

LHF LIS LLL L *+ Consistent with the prior
distribution

GW170817 GW151226  mmmmm GW170104  mmmmm GW170809 mmmmm GW150914 GW170729
GW170608 GW151012 GW170814 GW170818 GW170823

LVC, GWTCI,PRX 2019
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Distance and Inclination

10 - 5 *+ Strong correlation
: between inclination
and distance
B
O — == -+ Identification of the
~ </ -
5 - EM counterpart
0.1 3 = eg GWT170817 reduces
this correlation
| | A | |
y /4 3m/4 ™ 4 More detectors will
(rad) :
improve the accuracy
GW170817 GW151226 s GW 104 s GIV170809 s GW150914 GW170729
GW170608 GW151012 G 70814 G'W170818 GW170823 LVC’ GWTC I ; PRX 20 I 9
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Light travel time
between
the two sites
LLO-LIO bas

longest baseline
of 39 msec




Sky Localization

60° + Best sky localization

30°

GWi170817 (165quare
degrees)

13h

+ Best binary BH localised
GW170818 (39 square

degrees)

\> % Both LHYV events

12h
+ Longer separation, better
sky localisation
GNITIS mm GWISOI  mE G mm Gwsls R Gwies LVC, GWTCI,PRX 2019
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Mass and spin of the final BH

1.0 + For non-spinning equal mass
systems, the spin of the final
BH -o0.7
0.8 -
* All the observed BBH systems
show the median final BH
0.6 - spin value close to 0.7 or
consistent with 0.7 @ the 90%
CI
0.4 | | | | ;
20 40 60 80 100 e ,
M;(My) * Distribution of mass and spin
of BH shine light on the
VIO mm WSO mm GWISL  mm Gwhoss  mm Gwie stellar evolutionary pathways

LVC, GWTCI,PRX 2019
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LVC, GWTCI,PRX 2019 Prope rties

Event D Me  Mi a
|Mpc]| we we

GW150914°  430*130  66.2+37 63.1733 0.69+0%

GW151012° 10607320 37.3*1%°¢ 35.7+3%7 0.67+0

C 180 6.2 6.4 0.07
GW151226° 4407 9 21'53.5 20.5775 0'74io.05

GW170104  960%}) 51.375 49.173% 0.667%

GW170608 320-!-120 | ] 6131 l7.8+3'2 0.69+O'04

—110 —0.7 —0.7 —0.04
GW170729¢ 276071350 85.2+1>¢ 80.3%155 0.817%%
GW170809 990732 59.275 56.4932 0.70790%5
GW170814  580%3% 56.1%39 53.4%2 0.72400"
GW170818 1020730 62.5*>1 59.8*3% 0.67700
GW170823 1850310 68.97 65.6%0¢ 0.71+)%

Black Hole binary source properties



Fermi @
Reported 16 seconds
after detection

LIGO-Virgo

Reported 27 minutes after detection

INTEGRAL

Reported 66 minutes

after detection {
s\ ” "‘q{r =

Counts per second

Frequency (Hz)

Counts per second

Gamma rays, 50 to 300 keV

GRB 170817A
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GW170817 : First binary NS merger

Furst joint observation in GW+EM window




Short Gamma ray burst puzzle
solved!!

140 W e e e e e e e )
—1966 BATSE GRBs |

120’_ : 1366 BATSE LGRBs
100}
80}
Eichler etal 1989 — Binary NS as progenitors of a S ol
subclass of bursts o

Numerical simulations indicated binary NS as the 405-
progenitor for ShortGRB

[Aloy et al. 2005; Rezzolla et al. 2011; Kiuchi et al. 2015; Baiotti &
Rezzolla 2017; Kawamura et al. 2016; Ruiz et al. 2016}

20}

o " DR 7 _
20 -15 1.0 05 00 05 1.0 15 20 25 30
Observed Duration: Log(Tg( [s])

Joint observation of GW170817-GRB170817.A
confirmed bmdry NS merger as a progenztor of ShortGR Bs
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500 ~
400 LIGO Vlrgo Fermi/GBM

frequency (Hz
normalized F,

counts/s (arb. scale)

6 400 600 1000 2000
wavelength (nm)

GW-—e

LIGO, Virgo

y-ray

Fermi, INTEGRAL, Astrosat, IPN, Insight-HXMT, Swift, AGILE, CALET, H.E.S.S., HAWC, Konus-Wind

X-ray

Swift, MAXI/GSC, NuSTAR, Chandra, INTEGRAL

uv *—e—

Swift, HST

Swope, DECam, DLT40, REM-ROS2, HST, Las Cumbres, SkyMapper, VISTA, MASTER, Magellan, Subaru, Pan-STARI . .
HCT, TZAC, LSGT, T17, Gemini-South, NTT, GROND, SOAR, ESO-VLT, KMTNet, ESO-VST, VIRT, SALT, CHILES! , TOROS,
BOOTES-5, Zadko, iTelescope.Net, AAT, Pi of the Sky, AST3-2, ATLAS, Danish Tel, DFN, T80S, EABA I I II I | I I I | I

IR - o
REM-ROS2, VISTA, Gemini-South, 2MASS, Spitzer, NTT, GROND, SOAR, NOT, ESO-VL¥-Kanata Telescope, HST
I\II pannm il

Radio L
ATCA, VLA, ASKAP, VLBA, GMRT, MWA, LOFAR, LW, MA, OVRO, EVN, e-MERLIN, MeerKAT, Parkes, SRT, Effelsberg / ‘.
IR AN W]
/ |

-100 -50 50 102 10" 0° 100
¢ (s) t-t, (days) ‘

1M2H Swope DLT40 VISTA Chandra

. . .
10.86h /[11.24h YJK, od X-ray

MASTER Las Cumbres /J VLA

11.31h. iz/[11.57h w/ 16.4d Radio
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Follow-up with - 70
EM

Observatories

Gamma 1o Radio

Biggest 100 campaign

NGC 4993 - SSS17a

% .
April 28, 2017 August 17,2017
Hubble Space Telescope Swope & Magellan Telescopes

Galaxy identification by
NGC4993 - 40 Mpc

Coulter etal Science 2017
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log(Eiso -erq)

Peculiarity of the GRB170817

Redshift
1055 001 0.03 0.1 0.3 1 3
sa] O Long GRBs GRB 130427A O o
10> o o8B
{ A Short GRBs
W N
o A
10°! A A O ﬁ
A" " ?
10°° o .
A
104° .:-__________________________O_ _________________
f Subluminous GRBs
1048 { O GRB 980425 ?
1047 4 '
1 A GRB170817A
1046' . g ey g o —p—— oy —————Y———————y—
1074 103 10°%¢ 1071 100 10! 10?2 103

log(Comoving volume - Gpc3)

Lacombe étal Exp Astro (2019)

+ Few orders of magnitude fainter than
classical Short GR Bs

*+ Closest ShortGRB - 40 Mpc (fainter)

*+ GRB170817.A was after 9 days in X-
rays and 16 days in radio window.

* Challenges for the model development.

" * Current understanding:

Earlier emission: Cholked fet+Cocoon
Late time Afterglow: Successful jet

[Kasliwal + Science 2017, Troja + Nature 2017, Mooley + Nature 2018, Nakkar, Piran,....}

More details in Saleem’ talk
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VR, O OV TOr v e v ey Sondice) S sligy
Syntbhesi. fb er el 4
Sy . . 2000 5000 10000 20000
e Nucleosynthesis, neutrinoburstsandy- A — ——rr—— "1 wond o
o . _1s. ¥ >
= rays from coalescing neutron stars SOf 110000k, & davs to 8.5days
£ : { +0.7d e
. ; David Eichler, Mario Livio, Tsvi Piran & David N. Schramm ’ 7600K after the mer ger : -q\
e ~ =155 +1.0d Uv -
e Nature 340, 126-128(1989) | Cite this article T ! { 6600K near to IR
’ﬁ;s ; Such collisions will produce a characteristic burst of gravitational ': 1 +1 .5d Clear indication of
i~ radiation, which may be the most promising source of a detectable signal 35 ; 5100K presence o fhe avy
,ﬁf‘ : for proposed gravity-wave detectors!. Such signals are sufficiently unique S -16.0 | + 25d -,
7 T 3700K elements <
)’;:,;;;g and robust for them to have been proposed as a means of determiningthe ® +3.5d
; R w 4 .
Hubble constant?. However, the rate of these neutron-star collisions is o 16.5 : 1 3300K
- highly uncertain3. Here we note that such events should also synthesize ‘% ! | 9*84% E Lanthanides have 53,
e neutron-rich heavy elements, thought to be formed by rapid neutron o 1° y hlgh op acity Oy -
Z capture (the r-process)*. Furthermore, these collisions should produce 8> 17.0 I lone duration 4
neutrino bursts’ and resultant bursts of y-rays; the latter should comprise =~ Tt +7.5d di g b [ &
: asubclass of observable v-ray bursts. We argue that observed r-process 3“8022 iffusion time, ong X
S} J ‘ : 2 5 3
23 e - ] 2500k | duration optical 4
| 4 b £ w2m2wi uUBgV r iz YJ H K curves )
Direct proof of synthesis of PP T T e eon %
* /96 avier L) | ) \ \ L A ] YSHIRIRIR toward§ req spectra
' . : 2000 5000 10000 20000 with time g
"Wl clements via r-process during Rest wavelength (A) 3
o binary NS merger
"( - - \,

Kasen et al Nature 2017, Drout et al Science 2017
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Measurement of Hubble constant from GW observations

= p(Ho | GW170817)
Planck
SHoOES

2000

Redshift (km/s)
)
b1

Optical counterpart from Swope
NGC4993 — redshift, distance
Include in the Bayesian
inference of GW170817 and
obtain Hubbles constant

~70 km/sec/Mpc
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Tests of GR with GW events

* Parametrized post-newtonian tests [LvC, PRL 2019
+ Inspiral-Merger-Ringdown consistency test |Lvc, PRL 2019

* Polarisation test with GW170814: tensor mode vs scalar mode and tensor

mode vs vector mode GW models are tested. Tensor mode was favoured.
[LVC, PRL 2017]

+ Dispersion relation and bound on the graviton mass < 7.7 *10N-23 eV/c"2
from GW170104 [Lvc, PRL 2017]

+Gw speed measurement with GW170817: Arrival time difference between the

GW and ShortGRB in gamma rays is 1.7 sec. Distance to the source 40Mpc.
[LVC, ApdJ Lett. 2017]
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More details in Chandra Kant Mishra’s talk
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Updates from the Third observing run
of Advanced LIGO and Virgo
detectors
April 1, 2019 —



frequency(Hz)

Sensitivity improvement in O3



SEVERAL COMPACT BINARY MERGER CANDIDATES SINCE APRIL 2019 —-

GraceDB — Gravitational-Wave Candidate Event Database

| HOME | PUBLICALERTS | SEARCH | LATEST | DOCUMENTATION |

LIGO/Virgo O3 Public Alerts

Detection candidates: 46

S$190924h MassGap (>99%)

NSBH (68%), Terrestrial
(32%)

5190923y

S

S190910h BNS (61%), Terrestrial (39%)

$190910d NSBH (98%), Terres

S190901ap 36%), Terrestrial (14%)

Sept. 24, 2019
02:18:46 UTC

o™

Sept. 15, 2019
23:57:02 UTC

Sept. 10, 2018

ept. 10, 2019
01:26:19 UTC

Sept. 1, 2019
23:31:01 UTC

GCN Circulars

Notices | VOE

hg a%o

GCN Circulars

Notices | VOE

Notices | VOE

GCN Circulars

Notices | VOE

GCN Circulars

Notices | VOE

1 per
3.5493e+10

years

} per year

1 per 32.55

years

1.1312 per year

1 per 8.5248

years

1 per 4.5093

years
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GraceDB — Gravitational-Wave Candidate Event Database

| HOME | PUBLICALERTS | SEARCH | LATEST | DOCUMENTATION | | LoGIN |

- Superevent Info
fons ; uTC| | X
] Superevent FAR FAR (yr Submission

7 jows: ID Category Labels (Hz) 5) t_start t 0 t_end time Links

). 2020-01-

N7 gl DQOK ADVOK EM_READY EM_Selected 1 per 12 tare
- EMBRIGHT_READY PASTRO_READY SKYMAP_READY 1.283e- 2469.9 15:59:06

5 S200112r Production GCN_PRELIM_SENT PE_READY 11 years 1262879935.091777 1262879936.093931 1262879937.093931 UTC ata

¥ Preferred Event Info
GPS Time| v | uTC| v |

S — Group Pipeline Search Instruments Event time Submission time
o~ CBC gstlal AlISky L1,v1 1262879936.0939 2020-01-12 15:59:05 UTC

= ~ Superevent Log Messages

v Sky Localization

> cvont 1U: Lasrsd
. 5 ) M
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GW190425
Heaviest NS blnary
observed so far

*+ Trigger in LIGO-Livingston with
SNR-12.9

+ LIGO-Hanford: Not operational

*+ Virgo SNR - 2.5 not loud but useful for
significance

* Large sky map 8000sq deg-16% of the sky!L

+ No confirmed electromagnetic as well as

o I e el St R PR Pt TEE [p—— g P . . v . - -

neutrinos observed so far.
* Distance: 150 Mpc
{More distant than GW 170817/
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GW190425 FACTSHEET

observed by

source type

date

time of merger
Livingston signal-to-
noise ratio

Virgo signal-to-noise
ratio

false alarm rate
distance

redshift

total mass

primary NS mass
secondary NS mass
mass ratio

effective inspiral spin

parameter

effective precession
spin parameter

LIGO Livingston, Virgo

most likely a binary
neutron star merger

25 April 2019
08:18:05 UTC
12.9

2.5

1 in 69 000 years
287 to 744 million
light-years

0.01 to 0.04
3.3t03.7M,
1.61to 2.52 M,
1.12to 1.68 M,
0.4to01.0

0.01 to 0.17

unconstrained

N TN T SR N R S S

VIRGS

|

my (Mo)

1.0

1.50 1.75 2.00 2.25 2.50 2.75 3.00

my (M)

core density of primary NS 70 to 140 trillion

times density of lead

inferred # of GW cycles ~ 3900
from 19.4 Hz to 2048 Hz*

initial astronomer alert ~43 min
latency™**

sky areat 8284 deg?

improved binary NS merger 7 to 81 mergers per
rate year per cubic billion
light-years

cicd)

Images: GW sky map (left): initial (black contours) and
final (red and orange with grey contours) regions where
source is likely to be located. Darker shading indicates
increased likelihood source is in that region of sky.
Component mass distribution (right): darker shading
indicates an increased likelihood the pair of stars had
that set of masses. The blue and orange lines denote
90% confidence intervals for two different assumptions
—NS spins are allowed to be large (blue) and NS spins
are constrained to be small (orange). The black diagonal
line is the line m =m,,.

GW=gravitational wave, NS=neutron star,
M,=1 solar mass=2x103%° kg

Parameter ranges are 90% credible intervals.
*maximum likelihood estimate
**referenced to the time of merger
t90% credible region

The furst confirmed

detection
from O3 run

Heaviest NS binary
observed so far!

No confirmed EM

counterpart

34 times distant than
GWr170817

LVC, arXiv 2001:01761
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Probability density

Heaviest NS binary system so far

T 0.89
Nociat:
81 ===-=- Galactic BNS GW190425
GWI@817
6 Voo
; 50
21 ,’/ AN
Al .

* Primary mass: 1.6- 2.5 Msun
*+ Secondary mass: 1.12-1.68 Msun

* Primary mass is on the higher end.
Most massive pulsar is

PSRF0740-6620 with mass
2.05-2.24Msun

*+ ‘Total mass: 3.3-3.7 Msun.
Heaviest total mass binary NS.

*+ Large deviation from the

0 . . . , . .
2.00 ) 2.50 2505 3.00 3.25 3.00 Sk

Mot (Mo)

Abbott+ arXiv2oo1.01761 Under review in ApJL

YO distribution of observed total
mass of the galactic NS binaries.
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Channelr :

Isolated compact binaries -
Possibly formed from the
same cloud and evolve as two
compact objects in a binary

| O h
Main-sequence stars, both >8 Mg

- @

Primary explodes as supemova
|
L © ‘ /

——

= - | How do you get high mass

-3

e b N S :
'
Mass transfer to neutron star
from companion wind [

Common envelope: the NS spirals
nto and expels the envelope of the
secondary
o
\'- -

NS—He-star binary
Roche-Lobe overflow possible

Secondary explodes as supernova
® o

Result: double-neutron-star system

Example: PSR B1913+16

TR SO TN ST RO, A, AR T

Credits: A. Gelle

Channel 2

Dynamical binaries:
Compact object binaries form
and evolve due to dynamics
in the dense stellar
environment

Merger rates are high for
high mass compact objects
such as massive BBH

A Y R WY Y



Rates estimates

+ Binary NS merger rate density: | —oo
250-2810 per Gpc per year

power law

4+ Binary BH merger rate 0.6
density: 9.7-101 per Gpc per 0L
year

0.21
+ IMBH binary (100-100) 0-0 . P TiE
. pc y
merger rate density: 0.2 per
Gpc per year

Abbott+ arXiv2oor1.01761, GW'TCt — Abbott+ PRX 2019, O1-O2 IMBHB Abbott+ PRD 2019
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Future projections of
the observations



LIGO

O1: 80 Mpe = 02 3 Mp

02: 100 Mpe = 107 = 05 % Mpe

O Lo+ 150 Mpo m 04 912 Mp
3 H - 110 Mpe : 21 B - 06: 150-260 Mpse
O4: 160-190 Mpe ‘

1000 10 100 1000
Frequency [Hz] Frequency [Hz

KAGRA
- O3 526 Mpe
- 04 25-130 Mpe
- l‘\\. lI 0 .‘l(xi'

-
-

,-
p—

’-
p—

Strain nose [l IR,

{1
. iC A 1NN}
Abbott+ arXiv 1304.0670 Frequency [Hz]

Expected Sensitivity improvement



= O1 02 mm O3 wm O4 wm O5

80 100 105-130 160-190 Target

Mpc  Mpc Mpc Mpc 330 Mpc
LIGO i - =

30 150-260

Virgo T -

KAGRA =

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026

Timeline of distance reach for binary NS



BNS Range (Mpc) al.1GO
AdV
KAGRA

BBH Range (Mpc) al.1GO
AdV
KAGRA

NSBH Range (Mpc) alIGO

AdV
KAGRA
Burst Range (Mpc) alLIGO
Eqw = 024, AdV
KAGRA
Burst Range (kpc) al L 1GO
Eqw = 078,32 AdV
Abbott+ arXiv 1304.0670 KAGRA

03

110-130
50
8-25

990 - 1200
500
80260

190 -240
90
15-45

30 -90
35
5-25

25-30
10
0-10

04

160190
90-120
25-130

1400 - 1600
3601100
2601200

300330
170-220
45-290

110-120
65 -80
25-95

35-40
20-25

10-30

05

330
150260
130+

2500
1300-2100
1200+

590
270-430
290+

210
100155
954

70
35-50
304

Expected compact binary merger events in
the advanced GW detector era

BNS: 16(04), 75(05)  BBH: 170(04), >500 (O5)



MODEL BASED SEARCHES : CHALLENGES

. g=5

4 — eccentricity=0.4

eccentricity=0.0

Phase can be degenerate with respect to 2

Eccentricity
many parameters

Increase in waveform complexity with
spins, eccentricity, bigher modes etc

— nospin
— sx=0.5,sy=0.1,5z=0.4
— sx=0.7,sy=0.7,52=0.7

Time (s)

Increased false alarm rates
Higher computational cost Precession

Challenge: To capture effective

parameter which reduces this Y S S S S
degeneracy Noisy transient

time
Spectrogram (Normalized tile energy)

10°

Injected GW signal

Challenge: Construct methods to veto
out the noisy transients

| o

Frequency (Hz)

689.6 689.8 690 690.2 880.7 880.8 880.9
Time (sec) : GPS OFFSET = 1132545590.000 Time (sec) : GPS OFFSET = 1126599590.000




UNMODELED SEARCHES:CHALLENGES

INCREASED NUMBER OF NOISY TRANSIENTS WITH INCREASED SENSITIVITY

No of auxiliary channels - 100000
Identify the noisy features by correlation large number of unknowns

v ! J
'.
'
e
)
’1 red .‘NQ' _i'.e
whistle

Challenge: Classification of noisy features based on the type of signal




population of BH,

distributio Hs, EoS of
NS, forn?®tiog@hannel of
binaries, lmation of

SMBH;,®st of GR,
Hubble constant tension......




Thank you for your attention

Stay tuned !
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Nucleosynthesis, neutrino bursts and y-
rays from coalescing neutron stars

David Eichler, Mario Livio, Tsvi Piran & David N. Schramm

Nature 340,126-128(1989) | Cite this article

Such collisions will produce a characteristic burst of gravitational
radiation, which may be the most promising source of a detectable signal
for proposed gravity-wave detectorsl. Such signals are sufficiently unique
and robust for them to have been proposed as a means of determining the

: Hubble constant?. However, the rate of these neutron-star collisions is
highly uncertain3. Here we note that such events should also synthesize
neutron-rich heavy elements, thought to be formed by rapid neutron
capture (the r-process)*. Furthermore, these collisions should produce
neutrino bursts® and resultant bursts of y-rays; the latter should comprise

asubclass of observable y-ray bursts. We argue that observed r-process

Direct proof of synthesis of
heavier

<M clements via r-process during
¢ binary NS merger
j 0.05 Msun mass ts

log, ,[Bolometric luminosity (erg s™)]

log F;_ o (ergs s~ cm=2 A-1)

-151>:
-1515:
—160:
-1&5:
-17.0 |

4751

long duration diftfusion time, long duration optical

Progression towards red spectra with time

{ 7600K
] 6600K

1 2400K

2000 5000 1 0000 20000
1 | ot 1 I
w2m2w1 uuBgVr izYJ H K
/] % e r“rr) AN “\1 i '“-‘
[IAY, 11 |
/\x.LJ’L'\L.\lA“H 1L
2000 5000 10000 20000

Rest wavelength (A)

curves

Syntbhesis of heavier elements

+0.5d

| 10000K

+0.7d " Infrared

Spectrum at
t=45d

+1.0d
+1.5d

1 5100K

+2.5d

1 3700K

+3.5d

] 3300K

+4.5d

{ 2800K

1.5 2.0
‘avelength (um)

+7.5d’ 25

+8.5d

] 2500K

>

Kasen et al Nature 2017, Drout et al Science 2017
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Thank you for your attention

Stay tuned !
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