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GW standard sirens
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[ded by General Relativity

IOR IS ProV

x Calibrat
x Need

iINndependent measurement of redshift to

do cosmology”



GWs from binary systems

® Strongest harmonic (widely separated):
M

= b

» dimensionless strain /()

®x l[uminosity distance 1)

» accumulated GW phase ®(1)

x GW frequency f(t) = (1/2m)d® /dt

= position & orientation dependence F'(angles)

® (redshifted) chirp mass:
M, = (1 + 2)(m1m2)*°/(mq + m2)'/°

3

h(t)

F{angles) cos(®(t))



Two standard siren approaches

Counterpart Statistical

GW170817
DECam observation
(0.5-1.5 days post merger)

| Consider all potential host
Unigue host galaxy  galaxies within localization
region

4



LIGO

Virgo

KAGRA

= Mid = _ate

120-170
Mpc

65-115

Mpc Mpc

25-40 40-140
Mpc  Mpc

2015

2016

2017

2018 2020 2021




Rate IS somewhat uncertain (based on 1 event):

R = 1540150 Gpe P yr !

—stimated numiber of detections:

Projected Year:
2019 2022




® Absolute calibration of GW detectors: amplitude

response as a function of freguency

® |[nclination degeneracy (if not all GW sources have

assoclated EM counterparts; can be fit)

® Model selection (priors over GW populatio
final results |e.g. rate evolution, mass distr

x Galaxy mis-identification”? Redshift systematics”

x Peculiar velocities (should become negligible soon)

N Impact

lbution])

7



®x Galaxy catalog completeness

® Photo-z systematics

®x G\ selection (mass distribution, rate evolution,
etc.)

® Systematics with types of host galaxies,
correlations with metallicity, etc.”?



e GW distance measurement: 43.872¢ Mpc

e NGC 4993 iIs a member of a

group, with center-of-mass
velocity (CMB-frame): 3327 + 72 km/s

e Coherent bulk flow velocity: 310+ 150 km/s



H, = 7013 km/s/Mpc

Abbott et al. Nature 551, 85-88 (2017)

— D(Hg | GW170817)
Planck
SHoES

I I 1 I I
90 100 110 120 130
Ho (kms~tMpc™?)




0.045

+ 0.040

From GW data, 90% sky ) e

localization of 16 degz, / 0.0
-20° NGC 4993 .

90% volume of 216 Mpc?

0.025

Redshift z

-
)
o
-
ae}
-
o —
—
O
A

0.020

| Lp > 0.626L%

~ Lp>0.25L%, Lp weights
w1 Lg >0.005L%, Lk weights
o Lg > 0.005L%

0.015
0.010

0.005
200° 195°

Right Ascension
Single dominant group of
galaxies

Fishbach+ 1807.0566/,



Equal galaxy weights

Lp > 0.01L7%
Lp > 0.25L%
Lp > 0.626L%

assuming counterpart




® G\W170817 was a golden event; most events will yield
worse constraints individually

%)
Q
=
\
W
~-
=
¥4

90% localization volume (Mpc®)

® Because of non-Gaussian posteriors, convergence is still quite
fast: 15%/sgrt(N) for 3-detector network and 13%/sqgrt(N) for 5-
detector network, where N Is number of events

Chen, Fishbach & Holz, Nature in press 3



-Y BNS w/o counterpart -%¢ 30-30M, BBH w/o counterpart
10-10M,; BBH w/o counterpart == BNS with counterpart

Projected Year:

2019 2022 2023 2025 2026

N XY XY XY
AW Lst STY st A SIRY 2nd

L\’ Lnd
DGS\Q“ " DeS\gﬂ Des\g




2019 2022 2023 2025 2026

Chen, Fishbach, & Holz, Nature in press

| J ! 1 | J ]

O3 HLV Design HLV  Design HLV  Design HLVJI Design HLVJ
first year first year second vear first year second year

*convergence may be a few times slower if the merger rate is low



