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Gravitational Waves in GR
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Physical Effects of the Waves

• As gravitational waves pass, they change the distance 
between neighboring bodies

• GR predicts two polarizations

• Fractional change in distance is the strain given by h 
= δL / L

t = 0 (period)/4 (period)/2 3(period)/4 (period)

L L+δL

Animations: Warren Anderson
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Schematic Detector
As a wave passes,  one arm stretches 

and the other shrinks …. 

…causing the interference pattern to change at the photodiode 

Text

As gravitational waves pass, they change the distance between 
neighboring bodies…
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Global Network of Gravitational-wave 
DetectorsLIGO Hanford

LIGO Livingston Virgo

GE600
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Space-Based Detectors

DECIGO & LISA
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Pulsar Timing

International Pulsar Timing Array (IPTA) 
includes NANOGrav, EPTA, ....
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Gravitational-Wave Spectrum

LIGO-G1100073-v1! GWPAW  January 26, 2011" 18!

The Big Picture!

                  P. Demorest 
 

f ~ 1/weeks to 1/years  
       (10-6 – 10-9 Hz) 
   
h ~ σrms/Τ  
   ~ 100 ns/5 years ~ 10-15 
 

Δt ~ h/2πf ~ tens of ns 
 

 

Maura McLaughlin !

TextThree complementary 
approaches to detection
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Motivation
• To test relativistic gravity and to develop gravitational wave 

detection as an astronomical probe

• Anticipated gravitational-wave signals

• Transient signals: compact binary coalescence, 
supernovae, cosmic string kinks, black-hole ringdown.

• Continuous signals: spinning neutron stars in isolation & 
in binaries.

• Stochastic signals from cosmological sources.

• Serendipitous signals: unanticipated sources in all these 
categories

• Gravitational waves carry information about the structure 
and dynamics of the sources
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LIGO & Virgo Observing Runs

Inauguration
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First Lock

Full Lock
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S5/VSR1 Sensitivity
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Compact Binaries
• Pairs of black holes, neutron 

stars, or a black hole and 
neutron star

• As they orbit one another, they 
emit gravitational waves causing 
the objects to get closer 
together, eventually merging 
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S6/VSR2 Compact Binary Foreground
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FIG. 3: The cumulative rate of events with chirp mass
3.48 ⇥ M/M� < 7.40 coincident in the H1 and L1 detec-
tors, seen in four months of data around the 16 September
candidate, as a function of the threshold ranking statistic �c.
The blue triangles show coincident events. Black dots show
the background estimated from 100 time-shifts. Black crosses
show the extended background estimation from all possible
5-second shifts on this data restricted, for computational rea-
sons, to only the tail of loudest events. The gray dots and
crosses show the corresponding background estimates when 8
seconds of data around the time of the candidate are excluded.
Gray shaded contours show the 1 � 5⇥ (dark to light) con-
sistency of coincident events with the estimated background
including the extended background estimate, for the events
and analysis time shown, including the candidate time. This
event was later revealed to have been a blind injection.

of this event in this analysis, over the 0.47 yr of coinci-
dent time remaining after all vetoes were applied, was
7� 10�5.

The detectors’ environmental monitoring channels
record data from seismometers, accelerometers, micro-
phones, magnetometers, radio receivers, weather sensors,
and a cosmic ray detector. Injections of environmen-
tal signals and other tests indicate that these channels
are much more sensitive to environmental signals than
the gravitational wave readout channels are. Arrays of
these detectors were operating and providing full cover-
age at the time of the event, and did not record envi-
ronmental signals that could account for the event. En-
vironmental signal levels at our observatories and at ex-
ternal electromagnetic weather observatories were typi-
cal of quiet times. Mechanisms that could cause coinci-
dent signals among widely separated detectors — such
as earthquakes, microseismic noise due to large weather
systems, and electromagnetic disturbances in the iono-
sphere [25, 26] — were therefore ruled out.

A loud transient occurred in L1 9 seconds before the
coalescence time of the signal. That transient belonged to
a known family of sharp (⇤ 10ms) and loud (SNR ⌅ 200-
80000) glitches that appear 10–30 times per day in the

output optical sensing system of this detector. Since the
candidate signal swept through the sensitive band of the
detector, from 40Hz to coalescence, in less than 4 sec-
onds, it did not overlap the loud transient. Studies, in-
cluding re-analysis of the data with the glitch removed,
indicated that the signal was not related to the earlier
instrumental glitch. No evidence was found that the ob-
served signal was associated with, or corrupted by, any
instrumental e�ect.
Following the completion of this analysis, the event

was revealed to be a blind injection. While the analy-
sis groups did not know the event was an injection prior
to its unblinding, they did know that one or more blind
injections may be performed during the analysis period.
Such blind injections have been carried out before: see [4]
for the results of a blind injection performed in a previ-
ous run. This event was the only coherent CBC blind
injection performed during S6 and VSR2 and 3. The in-
jection was identified as a gravitational-wave candidate
with high probability, and the blind injection challenge
was considered to be successful [3].
In order to more accurately determine the parameters

of the event prior to the unblinding, we performed coher-
ent Bayesian analyses of the data using models of both
spinning and non-spinning compact binary objects [27–
31]. These analyses showed evidence for the presence of
a weak signal in Virgo, consistent with the signal seen
by the two LIGO detectors. The strength of a signal
in Virgo is an important input to the localization of a
source in the sky. Parameter estimates varied signifi-
cantly depending on the exact model used for the grav-
itational waveform, particularly when we included spin
e�ects. However, conservative unions of the confidence
intervals from the di�erent waveform models were con-
sistent with most injected parameters, including chirp
mass, time of coalescence, and sky location. In addi-
tion, the signal was correctly identified as having at least
one highly-spinning component with the spin misaligned
with the angular orbital momentum. We will describe the
details of parameter estimation on this and other CBC
injections in a future paper (in preparation).

V. SEARCH RESULTS

After the event was revealed to be a blind injection the
data containing it was removed from the analysis. With
the injection excluded, there were no gravitational-wave
candidates observed in the data. Indeed the search re-
sult was consistent with the background estimated from
time-shifting the data. The most significant event was an
L1V1 coincidence in L1V1 time with a combined FAR of
1.2 yr�1. The second and third most significant events
had combined FARs of 2.2 yr�1 and 5.6 yr�1, respec-
tively. All of these events were consistent with back-
ground: having analyzed ⇤ 0.5 yr of data, we would ex-
pect the loudest event to have a FAR of 2± 2 yr�1. Al-
though no detection candidates were found, a detailed
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FIG. 3: The cumulative rate of events with chirp mass
3.48 ⇥ M/M� < 7.40 coincident in the H1 and L1 detec-
tors, seen in four months of data around the 16 September
candidate, as a function of the threshold ranking statistic �c.
The blue triangles show coincident events. Black dots show
the background estimated from 100 time-shifts. Black crosses
show the extended background estimation from all possible
5-second shifts on this data restricted, for computational rea-
sons, to only the tail of loudest events. The gray dots and
crosses show the corresponding background estimates when 8
seconds of data around the time of the candidate are excluded.
Gray shaded contours show the 1 � 5⇥ (dark to light) con-
sistency of coincident events with the estimated background
including the extended background estimate, for the events
and analysis time shown, including the candidate time. This
event was later revealed to have been a blind injection.

of this event in this analysis, over the 0.47 yr of coinci-
dent time remaining after all vetoes were applied, was
7� 10�5.

The detectors’ environmental monitoring channels
record data from seismometers, accelerometers, micro-
phones, magnetometers, radio receivers, weather sensors,
and a cosmic ray detector. Injections of environmen-
tal signals and other tests indicate that these channels
are much more sensitive to environmental signals than
the gravitational wave readout channels are. Arrays of
these detectors were operating and providing full cover-
age at the time of the event, and did not record envi-
ronmental signals that could account for the event. En-
vironmental signal levels at our observatories and at ex-
ternal electromagnetic weather observatories were typi-
cal of quiet times. Mechanisms that could cause coinci-
dent signals among widely separated detectors — such
as earthquakes, microseismic noise due to large weather
systems, and electromagnetic disturbances in the iono-
sphere [25, 26] — were therefore ruled out.

A loud transient occurred in L1 9 seconds before the
coalescence time of the signal. That transient belonged to
a known family of sharp (⇤ 10ms) and loud (SNR ⌅ 200-
80000) glitches that appear 10–30 times per day in the

output optical sensing system of this detector. Since the
candidate signal swept through the sensitive band of the
detector, from 40Hz to coalescence, in less than 4 sec-
onds, it did not overlap the loud transient. Studies, in-
cluding re-analysis of the data with the glitch removed,
indicated that the signal was not related to the earlier
instrumental glitch. No evidence was found that the ob-
served signal was associated with, or corrupted by, any
instrumental e�ect.
Following the completion of this analysis, the event

was revealed to be a blind injection. While the analy-
sis groups did not know the event was an injection prior
to its unblinding, they did know that one or more blind
injections may be performed during the analysis period.
Such blind injections have been carried out before: see [4]
for the results of a blind injection performed in a previ-
ous run. This event was the only coherent CBC blind
injection performed during S6 and VSR2 and 3. The in-
jection was identified as a gravitational-wave candidate
with high probability, and the blind injection challenge
was considered to be successful [3].
In order to more accurately determine the parameters

of the event prior to the unblinding, we performed coher-
ent Bayesian analyses of the data using models of both
spinning and non-spinning compact binary objects [27–
31]. These analyses showed evidence for the presence of
a weak signal in Virgo, consistent with the signal seen
by the two LIGO detectors. The strength of a signal
in Virgo is an important input to the localization of a
source in the sky. Parameter estimates varied signifi-
cantly depending on the exact model used for the grav-
itational waveform, particularly when we included spin
e�ects. However, conservative unions of the confidence
intervals from the di�erent waveform models were con-
sistent with most injected parameters, including chirp
mass, time of coalescence, and sky location. In addi-
tion, the signal was correctly identified as having at least
one highly-spinning component with the spin misaligned
with the angular orbital momentum. We will describe the
details of parameter estimation on this and other CBC
injections in a future paper (in preparation).

V. SEARCH RESULTS

After the event was revealed to be a blind injection the
data containing it was removed from the analysis. With
the injection excluded, there were no gravitational-wave
candidates observed in the data. Indeed the search re-
sult was consistent with the background estimated from
time-shifting the data. The most significant event was an
L1V1 coincidence in L1V1 time with a combined FAR of
1.2 yr�1. The second and third most significant events
had combined FARs of 2.2 yr�1 and 5.6 yr�1, respec-
tively. All of these events were consistent with back-
ground: having analyzed ⇤ 0.5 yr of data, we would ex-
pect the loudest event to have a FAR of 2± 2 yr�1. Al-
though no detection candidates were found, a detailed
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FIG. 3: The cumulative rate of events with chirp mass
3.48 ⇥ M/M� < 7.40 coincident in the H1 and L1 detec-
tors, seen in four months of data around the 16 September
candidate, as a function of the threshold ranking statistic �c.
The blue triangles show coincident events. Black dots show
the background estimated from 100 time-shifts. Black crosses
show the extended background estimation from all possible
5-second shifts on this data restricted, for computational rea-
sons, to only the tail of loudest events. The gray dots and
crosses show the corresponding background estimates when 8
seconds of data around the time of the candidate are excluded.
Gray shaded contours show the 1 � 5⇥ (dark to light) con-
sistency of coincident events with the estimated background
including the extended background estimate, for the events
and analysis time shown, including the candidate time. This
event was later revealed to have been a blind injection.

of this event in this analysis, over the 0.47 yr of coinci-
dent time remaining after all vetoes were applied, was
7� 10�5.

The detectors’ environmental monitoring channels
record data from seismometers, accelerometers, micro-
phones, magnetometers, radio receivers, weather sensors,
and a cosmic ray detector. Injections of environmen-
tal signals and other tests indicate that these channels
are much more sensitive to environmental signals than
the gravitational wave readout channels are. Arrays of
these detectors were operating and providing full cover-
age at the time of the event, and did not record envi-
ronmental signals that could account for the event. En-
vironmental signal levels at our observatories and at ex-
ternal electromagnetic weather observatories were typi-
cal of quiet times. Mechanisms that could cause coinci-
dent signals among widely separated detectors — such
as earthquakes, microseismic noise due to large weather
systems, and electromagnetic disturbances in the iono-
sphere [25, 26] — were therefore ruled out.

A loud transient occurred in L1 9 seconds before the
coalescence time of the signal. That transient belonged to
a known family of sharp (⇤ 10ms) and loud (SNR ⌅ 200-
80000) glitches that appear 10–30 times per day in the

output optical sensing system of this detector. Since the
candidate signal swept through the sensitive band of the
detector, from 40Hz to coalescence, in less than 4 sec-
onds, it did not overlap the loud transient. Studies, in-
cluding re-analysis of the data with the glitch removed,
indicated that the signal was not related to the earlier
instrumental glitch. No evidence was found that the ob-
served signal was associated with, or corrupted by, any
instrumental e�ect.
Following the completion of this analysis, the event

was revealed to be a blind injection. While the analy-
sis groups did not know the event was an injection prior
to its unblinding, they did know that one or more blind
injections may be performed during the analysis period.
Such blind injections have been carried out before: see [4]
for the results of a blind injection performed in a previ-
ous run. This event was the only coherent CBC blind
injection performed during S6 and VSR2 and 3. The in-
jection was identified as a gravitational-wave candidate
with high probability, and the blind injection challenge
was considered to be successful [3].
In order to more accurately determine the parameters

of the event prior to the unblinding, we performed coher-
ent Bayesian analyses of the data using models of both
spinning and non-spinning compact binary objects [27–
31]. These analyses showed evidence for the presence of
a weak signal in Virgo, consistent with the signal seen
by the two LIGO detectors. The strength of a signal
in Virgo is an important input to the localization of a
source in the sky. Parameter estimates varied signifi-
cantly depending on the exact model used for the grav-
itational waveform, particularly when we included spin
e�ects. However, conservative unions of the confidence
intervals from the di�erent waveform models were con-
sistent with most injected parameters, including chirp
mass, time of coalescence, and sky location. In addi-
tion, the signal was correctly identified as having at least
one highly-spinning component with the spin misaligned
with the angular orbital momentum. We will describe the
details of parameter estimation on this and other CBC
injections in a future paper (in preparation).

V. SEARCH RESULTS

After the event was revealed to be a blind injection the
data containing it was removed from the analysis. With
the injection excluded, there were no gravitational-wave
candidates observed in the data. Indeed the search re-
sult was consistent with the background estimated from
time-shifting the data. The most significant event was an
L1V1 coincidence in L1V1 time with a combined FAR of
1.2 yr�1. The second and third most significant events
had combined FARs of 2.2 yr�1 and 5.6 yr�1, respec-
tively. All of these events were consistent with back-
ground: having analyzed ⇤ 0.5 yr of data, we would ex-
pect the loudest event to have a FAR of 2± 2 yr�1. Al-
though no detection candidates were found, a detailed
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FIG. 3: The cumulative rate of events with chirp mass
3.48 ⇥ M/M� < 7.40 coincident in the H1 and L1 detec-
tors, seen in four months of data around the 16 September
candidate, as a function of the threshold ranking statistic �c.
The blue triangles show coincident events. Black dots show
the background estimated from 100 time-shifts. Black crosses
show the extended background estimation from all possible
5-second shifts on this data restricted, for computational rea-
sons, to only the tail of loudest events. The gray dots and
crosses show the corresponding background estimates when 8
seconds of data around the time of the candidate are excluded.
Gray shaded contours show the 1 � 5⇥ (dark to light) con-
sistency of coincident events with the estimated background
including the extended background estimate, for the events
and analysis time shown, including the candidate time. This
event was later revealed to have been a blind injection.

of this event in this analysis, over the 0.47 yr of coinci-
dent time remaining after all vetoes were applied, was
7� 10�5.

The detectors’ environmental monitoring channels
record data from seismometers, accelerometers, micro-
phones, magnetometers, radio receivers, weather sensors,
and a cosmic ray detector. Injections of environmen-
tal signals and other tests indicate that these channels
are much more sensitive to environmental signals than
the gravitational wave readout channels are. Arrays of
these detectors were operating and providing full cover-
age at the time of the event, and did not record envi-
ronmental signals that could account for the event. En-
vironmental signal levels at our observatories and at ex-
ternal electromagnetic weather observatories were typi-
cal of quiet times. Mechanisms that could cause coinci-
dent signals among widely separated detectors — such
as earthquakes, microseismic noise due to large weather
systems, and electromagnetic disturbances in the iono-
sphere [25, 26] — were therefore ruled out.

A loud transient occurred in L1 9 seconds before the
coalescence time of the signal. That transient belonged to
a known family of sharp (⇤ 10ms) and loud (SNR ⌅ 200-
80000) glitches that appear 10–30 times per day in the

output optical sensing system of this detector. Since the
candidate signal swept through the sensitive band of the
detector, from 40Hz to coalescence, in less than 4 sec-
onds, it did not overlap the loud transient. Studies, in-
cluding re-analysis of the data with the glitch removed,
indicated that the signal was not related to the earlier
instrumental glitch. No evidence was found that the ob-
served signal was associated with, or corrupted by, any
instrumental e�ect.
Following the completion of this analysis, the event

was revealed to be a blind injection. While the analy-
sis groups did not know the event was an injection prior
to its unblinding, they did know that one or more blind
injections may be performed during the analysis period.
Such blind injections have been carried out before: see [4]
for the results of a blind injection performed in a previ-
ous run. This event was the only coherent CBC blind
injection performed during S6 and VSR2 and 3. The in-
jection was identified as a gravitational-wave candidate
with high probability, and the blind injection challenge
was considered to be successful [3].
In order to more accurately determine the parameters

of the event prior to the unblinding, we performed coher-
ent Bayesian analyses of the data using models of both
spinning and non-spinning compact binary objects [27–
31]. These analyses showed evidence for the presence of
a weak signal in Virgo, consistent with the signal seen
by the two LIGO detectors. The strength of a signal
in Virgo is an important input to the localization of a
source in the sky. Parameter estimates varied signifi-
cantly depending on the exact model used for the grav-
itational waveform, particularly when we included spin
e�ects. However, conservative unions of the confidence
intervals from the di�erent waveform models were con-
sistent with most injected parameters, including chirp
mass, time of coalescence, and sky location. In addi-
tion, the signal was correctly identified as having at least
one highly-spinning component with the spin misaligned
with the angular orbital momentum. We will describe the
details of parameter estimation on this and other CBC
injections in a future paper (in preparation).

V. SEARCH RESULTS

After the event was revealed to be a blind injection the
data containing it was removed from the analysis. With
the injection excluded, there were no gravitational-wave
candidates observed in the data. Indeed the search re-
sult was consistent with the background estimated from
time-shifting the data. The most significant event was an
L1V1 coincidence in L1V1 time with a combined FAR of
1.2 yr�1. The second and third most significant events
had combined FARs of 2.2 yr�1 and 5.6 yr�1, respec-
tively. All of these events were consistent with back-
ground: having analyzed ⇤ 0.5 yr of data, we would ex-
pect the loudest event to have a FAR of 2± 2 yr�1. Al-
though no detection candidates were found, a detailed
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Searches for compact binaries

• Reasonable rate estimate 
for binary neutron stars is 
~ 1x10-6 / yr / Mpc3  

• Neutron star black hole 
rates are ~3x10-8 / yr / 
Mpc3

• Black hole binaries are ~ 
5x10-9 / yr / Mpc3

No plausible gravitational 
waves found

LIGO-Virgo, Phys Rev D85 (2012) 082002 
[arXiv:1111.7314]
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FIG. 4: The marginalized upper limits as a function of mass.
The top plot shows the limit as a function of total mass M ,
using a distribution uniform in m1 for a given M . The lower
plot shows the limit as a function of the black hole mass, with
the neutron star mass restricted to the range 1� 3M�. The
light bars indicate upper limits from previous searches. The
dark bars indicate the combined upper limits including the
results of this search.

spinning. Signals from spinning systems are recovered
with a worse match to our templates since we use a non-
spinning template bank.

While the rates presented here represent an improve-
ment over the previously published results from ear-
lier LIGO and Virgo science runs, they are still above
the astrophysically predicted rates of binary coalescence.
There are numerous uncertainties involved in estimat-
ing astrophysical rates, including limited numbers of
observations and unknown model parameters; conse-
quently the rate estimates are rather uncertain. For
BNS systems the estimated rates vary between 1� 10�8

and 1 � 10�5 Mpc�3yr�1, with a “realistic” estimate
of 1 � 10�6 Mpc�3yr�1. For BBH and NSBH, realis-
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with the dashed-black lines showing the “realistic” estimates
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3� 10�8 Mpc�3yr�1 with at least an order of magnitude
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limits derived here are two to three orders of magnitude
above the “realistic” estimated rates, and about a fac-
tor of ten above the most optimistic predictions. These
results are summarized in Figure 5.

VII. DISCUSSION
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and 25M⇥ with the LIGO and Virgo detectors using
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No gravitational waves candidates were detected, and we
placed new upper limits on CBC rates. These new limits
are up to a factor of 1.4 improvement over those achieved
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The installation of the advanced LIGO and Virgo de-
tectors has begun. When operational, these detectors will
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3� 10�8 Mpc�3yr�1 with at least an order of magnitude
uncertainty in either direction [5]. In all cases, the upper
limits derived here are two to three orders of magnitude
above the “realistic” estimated rates, and about a fac-
tor of ten above the most optimistic predictions. These
results are summarized in Figure 5.
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We performed a search for gravitational waves from
compact binary coalescences with total mass between 2
and 25M⇥ with the LIGO and Virgo detectors using
data taken between July 7, 2009 and October 20, 2010.
No gravitational waves candidates were detected, and we
placed new upper limits on CBC rates. These new limits
are up to a factor of 1.4 improvement over those achieved
using previous LIGO and Virgo observational runs up to
S5/VSR1 [4], but remain two to three orders of magni-
tude above the astrophysically predicted rates.

The installation of the advanced LIGO and Virgo de-
tectors has begun. When operational, these detectors will
provide a factor of ten increase in sensitivity over the ini-
tial detectors, providing a factor of ⇥ 1000 increase in
the sensitive volume. At that time, we expect to observe
tens of binary coalescences per year [5].
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Continuous Signals

• Signals last as long as, or longer than, 
the observation time

• Known radio pulsars could also emit 
gravitational waves

• Unknown radio pulsars that are not 
beamed toward earth

• Signal strength is given by
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Searches for continuous waves

• Strength of gravitational 
waves depends on 
gravitational ellipticity

• Radio observations of Crab 
pulsar spindown constrain 
maximum gravitational 
ellipticity around 10-3

• LIGO-Virgo non-detection 
of gravitational waves 
constrains gravitational 
ellipticity of Crab at ~10-4 LIGO-Virgo, “Searches for gravitational waves from 

known pulsars with S5 LIGO data,” Astrophys. J. 713 
(2010) 671 [arXiv:0909.3583]

No plausible gravitational 
waves found

95% Upper limit on 
Known Pulsars
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GW Astronomy

• Soft-gamma Repeaters. LSC,  Phys. Rev. D 76 (2007) 062003 [astro-ph/
0703419]; Astrophys. J. 701 (2009) L68-L74. [arXiv:0905.0005]

• Gamma-ray Bursts. LSC, Phys. Rev. D 77 (2008) 062004 [arXiv:0709.0766];  
Astrophys. J. 681 (2008) 1419 [arXiv:0711.1163].

• Gamma-ray Bursts. LIGO-Virgo,  Astrophys. J. 715 (2010) 1438 [arXiv:
0908.3824]; Astrophys. J. 715 (2010) 1453 [arXiv:1001.0165]; Astrophys. J. 
760 (2012) 12 [arXiv:1205.2216]

Trying to add a soundtrack to astronomical events
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Example: GRB 070201
• Short gamma-ray burst

• Interplanetary Network error 
box included M31 at ~700 kpc!

• Ruled out compact binary 
progenitor in M31, but could 
not rule out SGR.
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Example: GRB 070201
• Short gamma-ray burst

• Interplanetary Network error 
box included M31 at ~700 kpc!

No plausible gravitational 
waves found

LSC. “Implications for the Origin of GRB 070201 from LIGO Observations”,  Ap. J., 681:1419–
1430 (2008). arXiv:0711.1163 
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• Ruled out compact binary 
progenitor in M31, but could 
not rule out SGR.
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Connecting GW and EM observations

Swift

• LIGO-Virgo partners for the S6/VSR2/VSR3 
science runs
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Connecting GW and EM observations

MBTA

GraCEDb
Sky Localization

and
Data Quality Check
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Sky Maps
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Sky Maps

No plausible gravitational 
waves found
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Sky Maps

No plausible gravitational 
waves found

Analysis of EM data
forthcoming
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LIGO-G1100778

Tentative Timing

S6/VSR2,3

Science Running
Engineering Runs

Possible Science Running:
to be decided as 

commissioning progresses

2010 2011 2012 2013 2014 2015 2016 2017

ER1 ER2 ER3 ER4 ER5 ER6

V1L1 H2 H1

2018

LIGO India Project
Subject to NSB approval

2019 2020

Early runs: LIGO Only?

I1??
Advanced Kagra
ImplementationK1
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• Advanced LIGO

• project in full swing

• acceptance 2014/15

• 10 x Initial LIGO

• 1000 x more sources

• 40 BNS per year
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