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Outline

* GW17/0817 from a GW-only perspective

— Basics about the chirp and some details about its
analysis

- What can we learn from the GW signal alone?

— Next steps and prospects
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Alert timeline

t_+ 40 min: 1° LV announcement

candidate BNS in H1 associated with GRB
large glitch in L1
issue with V1 data transfert

t_+ 1h05 : Fermi report

preliminary localization = 1100 deg?

t_+ 1h30 min: LV update
H1-only loc. and distance = 37 + 12 Mpc

t_+ 5h : LIGO Virgo loc. = 30 deg?
distance = 40 + 8 Mpc

Too late for Australia and South Africa!
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Glitch rate during O1
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Source parameters (1)

GW signal is described by 15 parameters (masses and spins + time/space
location and orientation)

Parameter estimates obtained by fitting the waveform coherently in all

detectors using Bayesian sampling methods

. . (m1m2)3/5
Waveform phase determined to lowest order by chirp mass AM =

(m1 + mg)t/5
Phase matching: measurement accuracy scales with 1/N

WithN_ .= 3000 from 30 to 1000 Hz
detector-frame chirp mass M%* = 1.1977 M, £ 0.07%

cycles

... then mass ratio, spins and matter effects



Source parameters (2)

<m1m2>3/5

Maet — 11977 M £ 0.07%
(mq + mo)t/5 © i

M =

* Some of the parameters are degenerate, e.g., distance vs inclination

2
h+0<1+cgs 958 Dy = 40 Mpc + 35%
L

* Can be converted to source frame by assuming a ref. cosmology (Planck)

z = 0.008 + 37.5%

M = M* /(1 + 2) M =1.188 Mg =+ 0.33%



1.4 equal mass - 1.36 M_
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my [Mg)]
Low-spin priors (|| < 0.05) High-spin priors ([y| < 0.89)
Primary mass m, 1.36-1.60 M 1.36-2.26 M
Secondary mass 1, 1.17-1.36 M 0.86-1.36 M
Chirp mass M 1.1881 000 M, 1.188 0 0m M
Mass ratio m,/m, 0.7-1.0 0.4-1.0
Total mass ey 274790M 28205,
Radiated energy E,,q > 0.025M  ¢? > 0.025M o c?
Luminosity distance Dy 4013, Mpc 4018, Mpc
Viewing angle © < 55° < 56°
Using NGC 4993 location ) < 28° < 28°
Combined dimensionless tidal deformability A < 800 <700
Dimensionless tidal deformability A(1.4M ) < 800 < 1400

Abbott et al, Phys. Rev. Lett. 119, 161101 (2017)

Updated, more precise estimates coming soon
(better calibration, waveforms models, use of EM information)
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Tidal deformation by the gravity gradient due to companion
changes the grav. potential and thus the orbital motion/GW signal

Effect observable in the final tens of GW cycles before merger
f.,, > 400 Hz — Keplerian orbital radius ~ 60 km
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Constraints on NS deformability

and EoS of cold dense matter
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Phys. Rev. D79, 124032 (2009) and refs therein

Update coming soon
(better param estimates,
waveforms systematics,
direct constraints on EoS)
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Post-merger scenarios
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Agnostic search for GW transients (up to 4 kHz) with
short (< 1 s) and intermediate (< 500 s) durations

No evidence for a post-merger signal
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Deeper and more complete search Abbott ot
(including long duration, days) coming soon Astrophys. J. Lett. 851, L16



Implications of GW170817
(besides GRB astrophysics)

* Coincidence with GRB1/7081/A within 1.7/ s
 Very stringent constraints on the speed of gravity |c/c, - 1| < 5x 10

* |Incompatible with a large set of alt. gravity scalar-tensor theories
brought forward to explain dark energy

Horndeski

Cg =cC

Cg FC

General Relativity
quintessence/k-essence [42]
Brans-Dicke/ f(R) (43, 44|

Kinetic Gravity Braiding [46]

quartic/quintic Galileons [13, 14]
Fab Four [15, 16]
de Sitter Horndeski [45]
Gt 9" [47], Gauss-Bonnet

beyond H.

Derivative Conformal (20) [18]
Disformal Tuning (22)
DHOST with A; =0

quartic/quintic GLPV [19]
DHOST [20, 48] with A, # 0

Viable after GW170817

Non-viable after GW170817

https:/arxiv.org/abs/1710.05901
https:/arxiv.org/abs/1710.05877


https://arxiv.org/abs/1710.05901

Open data for open science
https:/www.losc.ligo.org

via 3] LIGO Open Science Center - Mozilla Firefox B

U LIGO Open Science Center - Mozilla Firefox
LIGO Open Science Ce... % | +
/ B UGO Open Science C... % | + - -
7 \ (&) ® @ | https://losc ligo.orglevents/ E1 so% | ¢ ] [Q Search l w B ¥ 4 O =
€ 9 ® 8 |https:loscligo.orgiabor EJ 90% | & | |Q Search wBa ¥ # =
)11 ] LIGO Open Science Center
LIGO Open SClence Center nd Massachusets Institute c
and Massachusetts Institute of Tech
Getting Started Data Releases for Observed Transients
Data
Events
Getting Started Bulk Data Data Releases: Compact Object Mergers
Data Click icons below for data and documentation:
Events Tuterials
Eulk Data [S)m:w?’e .
etector Status P P P P P
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Software My Sources (J. (J. (J. (J. (J.
Detector Status GFS = uTC GW150914 LVT151012 GW151226 GW170104 GW170608
Timelines About the detectors
My Sources ¥ : Projects e
LIGO Hanford Obserwatory, Vshingten LIGO Livingsten Obsermtory, Loisiana. Wirge detector, haly Acknowledge LOSC
GFS -~ UTC (image: C. Gray) (image: . Giaime) (image: Virgs Collaboration) 'r\
About the detectors (J'
Projects GW170814
Acknowledge LOSC . B " g —
The LIGO Open Science Center provides data from gravitational-wave
observatories, along with access to tutorials and software tools.

@ Get started!

(.:J See LIGO and Virgo discoveries ~1 hour abOUt
See the LIGO and Virgo detector status L each detection

E Join the email list

Open data workshop with online tutorials and videos



Concluding remarks

e Plenty of physics with the GW170817 chirp

— Binary parameters obviously but also physics of NS/EoS of dense matter
and tests of post-merger scenarios

- Tests of General Relativity (GW polarizations, dipole radiation, etc)

* Importance of seeing the same source in GW and EM for
fundamental physics

- Unanticipated implications on fundamental physics (alt. models for
gravity, limit on num of spacetime dimensions)

* Future is bright
- 1-50 BNS expected in O3 (12 months)
- 4-80 BNS/yr for 2020+ at/near design sensitivity
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1°' Fermi localization with dashed lines



Priors

« Masses (detector frame): uniform in [0.5,7.7] M_,,
and chirp mass in [1.18, 2.17] M_,

* Spins: uniform in mag up to 0.05 (low spin) and
0.89 (high spin), isotropic/uncorrelated
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