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DELIVERING THE FIRST SCIENCE

• The experimental effort was matched by intense data 
analysis development within the LSC. Talks by Brown, 
Capano, Mandel, Bulik showed many of the results of this 
work.

• What we proved: that LIGO and its data analysis work, 
GR describes strong-field gravity well, that BHs exist, that 
BH-BH binaries exist and in large numbers.
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A COMMUNITY ACHIEVEMENT

• This could not have been done without crucial 
contributions from scientists outside the LSC and Virgo! 
Talks by Blanchet, Hannan, Nagar, Buonanno showed this 
clearly: pN theory and numerical relativity are 
indispensible. 

• Contributors outside the LSC were not authors but 
happily some were recognised by being included in the 
award of the Breakthrough Prize: Blanchet, Damour, 
Kidder, Pretorius, Scheel, Teukolsky, and Vogt (former 
LIGO director).
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BBH STUDIES

• We may be seeing BBHs once a week or more frequently soon.
• Astrophysics: population statistics, where and when they arise 

(Tauris, Berczik).
• Start to do cosmography, independently measure local H0 to <1% 

once we have >100 BBH coalescences — end of decade?
• Opportunity for better testing of GR, studies of ringdown, 

beyond-doubt demonstration that these really are BHs, alternative 
theories (van den Broeck, Damour). But recall the caveat of 
Barausse - merger/ringdown deviations will show up very late.
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• Bring Virgo online! - good positions, luminosity distances.
• Get KAGRA and LIGO-India into the network 2020+.
• Far better positions, distances, duty cycle, discrimination against 

glitches, and higher event rates. 
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• We need more extreme numerical relativity simulations to 
calibrate templates (Buonanno).

• We will be pushing on the boundaries of calibration (not 
discussed at this meeting). H0 to better than 1% needs 
calibration at that level — this is hard!
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FIRST NS-NS MERGERS!
• Finally deliver the science promised in 1991!
• Exciting follow-up observations over the whole EM spectrum from 

gamma-rays down to the radio (Nissanke, Kienlin, Piran).
• “Backgrounds” (chance coincidences) in partner observations, especially 

new transient astronomy (LSST, SKA,…), very hard to estimate.
• Inspiral waveforms will tell us about the NS population, stellar evolution, 

stronger tests of pN.
• Comparison of waveforms with NS-NS simulations is where the real 

physics will be examined: EoS, magnetic fields, neutrino transport, other 
physics? (Shibata, Kiuchi) I wonder if simulations see w-modes 
(analogues of BH QNMs) — for stiff EoS and 3 solar masses, they can 
have f ~ 5 kHz. They will be weak and compete against hydro modes.
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WHEN WILL WE SEE PULSARS?

• CW search is the hardest, but eventually we should see 
GWs from known pulsars or, even more excitingly, 
discover new ones.

• Because h ~ d2Q/dt2, fast pulsars are “better” — but 
recycled millisecond pulsars are probably “smoother”.

• Challenges: improve search efficiency, maintain computing 
resources for these searches.

• Payoff is NS physics: crust properties, B-field 
configuration, …
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STOCHASTIC SIGNAL

• Good prospects for a stochastic background from BBHs 
now. (Mandel)

• But it is likely also to cover up the primordial background! 
The only “window” above nHz frequencies might be 
above 100 Hz  — difficult to explore, very low h. New 
experimental thinking needed!
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2.5 AND 3G DETECTORS
• There is much more of the 

universe to explore than aLIGO 
and its enhancements will reach! 
(Bulik: metallicity and mergers 
out to very high z.)

• Now is not too soon to get ET 
going! It took 25 years from the 
1991 paper to the first LIGO 
announcement! 
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AND INTO SPACE!
• LISA Pathfinder will announce its first results on 7 June. Press conferences in 

Spain and here in Hannover. (Rumor: expect spectacular performance!)
• ESA’s GOAT committee strongly supported going forward to LISA using LPF 

technology ASAP.
• LPF performance and GW150914 have created a serious effort inside ESA to 

bring the launch of LISA forward, and to return to 3-arm LISA, perhaps with 2 
Gm armlengths. 

13
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(based on eLISA sensitivity)
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LISA: THEORY CHALLENGE 
REMAINS!

• Theoretical studies of waveforms for LISA are not 
advanced enough to allow ESA to detect EMRIs.

• We do not have sufficiently effective templates yet. 
• Can we do this with gravitational self-force calculations 

(GSF) and extensions of EOB: EOBSF (Damour).
• We have only about 10 years — not much time!!
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We have 10 years to deal 
with this added complexity!
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