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Vision Document: Purpose
Clearly state the science questions that ET, for that matter any 3G 
detector, should address

The era of GW Astronomy is firmly in 3G

2G detectors could do some ground breaking science but will have 
limited event rates

Identify problems that must be explored in more detail during the 
design study

Mass function of

Identify computational and data analysis challenges

Inspiral signals could be in band for periods up to a day - data sets 
of order N ~ 109, millions of templates 

Prioritize the science to help with trade-studies
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Vision Document
Some 74 pages long

Executive summary (1 page)

Science Requirements (3 pages)

Sources (20 pages)

Four science Sections 

Fundamental Physics (9 pages)

Astrophysics (15 pages)

Cosmology (6 pages)

Data Analysis and Computational Challenges (6 pages)

An Appendix on ET sensitivity curve (5 pages)

More than 200 references (7 pages)
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Future of the Vision Document
Many interesting problems in fundamental physics, 
astrophysics and cosmology

However, we need more quantitative evaluation of 
the science ET can do

The document lacks clarity on prioritization of 
science and what theoretical progress is necessary to 
take advantage of ET

Should probably aim at producing a glossy, shorter 
version that could be used for outreach and lobbying?

Exploring the Extremes of Physics with ET

4

Wednesday, 14 October 2009



Summary of ET Science
Fundamental physics

Upper limits on the graviton mass, dark energy 
equation of state, polarization states of GW, black hole 
no-hair theorem, signature of string theory

Astrophysics

GRB progenitors, mass function of NS, history of star 
formation rate, NS normal modes (glitching pulsars, 
flaring magnetars), NS equation-of-state from mergers

Cosmology

Cosmological parameters, seed black holes, 
intermediate-mass black holes, 
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Gamma-ray bursts
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FIG. 15: 90%-confidence lower limit on distance for GRB burst sources assuming a GRB energy
emission of Eiso

GW = 0.05M!c2 ! 9 " 1052ergs. The solid horizontal black line near the top of the
figure shows a redshift z = 1.

From gravitational wave searches using coherent analysis techniques [147] we find that in
general the 90%-confidence upper limit on hrss gravitational wave amplitude is around an
order of magnitude above the amplitude spectrum of the interferometer, i.e., ! 10"Sh(f)0.5.
For narrow-band burst signals we can use the following approximation

Eiso
GW # !2c3

G
D2f 2

0 h2
rss (4.1)

where Eiso
GW is the isotropic energy emission in gravitational waves, D is the distance of

the source, f0 is the central frequency, and hrss is the root-sum-square amplitude of the
gravitational wave:

hrss =

!"
(|h+(t)|2 + |h"(t)|2) dt . (4.2)

From Eqn. 4.2 we can calculate a lower limit on source distance from our amplitude upper
limit for a given assumption of Eiso

GW. For long GRBs the energy of emission in gravitational
waves is not well known but has been estimated to be as high as 0.2M!c2 in the LIGO-
Virgo frequency band of good sensitivity [148]. In Fig. 15 we estimate the distance to
which various detectors are sensitive to a narrow-band burst of gravitational waves assuming
Eiso

GW = 0.05M!c2.

Soft Gamma Repeater Flares

Clark
As described in section IV C, a significant fraction, up to 15%, of short, hard "-ray bursts

may be associated with flaring activity in soft "-repeaters (SGRs). These sources often
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Double Neutron Star Mergers
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Astrophysical Backgrounds
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FIG. 10: Energy density of the di!erent contributions to the astrophysical background discussed in
the text: magnetars (minimal detectable prediction in continuous red and model when the spindown
is purely gravitational in dashed red), binary neutron stars in blue and r-modes assuming that 1%
of newborn neutron stars cross the instability window, core collapse to black holes assuming an
e"ciency of 1%, a mass fraction of the progenitor of 10% and an angular parameter of 0.6.

of the l = m = 2 dominant quasi normal mode. The frequency !! of this mode is given by
[? ]:

!! !
c3

2"G
(1" 0.63(1" a)0.3)

1

M(M")
(2.21)

where the mass of the BH is a fraction # of the mass of the progenitor and where a is the
dimensionless spin factor ranging from 0 for a Schwarzschild BH to 1 in the extreme Kerr
limit. The spectral energy distribution can be written as:

dEgw

d!
= $Mbhc

2%(! " !!(M)) (2.22)

where $ is the e!ciency coe!cient. Using numerical simulations [? ] found $ # 7 $ 10#4

for an axisymmetric collapse but it is likely that less symmetric situations result in a more
e!cient production of gravitational waves. Assuming that stars in the range 30" 100 M"
can produce a BH, taking # = 10%, and a = 0.6 we find that the energy density ranges
between 0.25" 5.6 kHz, with a maximum of "gw # $$ 10#8 around 1650 Hz, which means
that an e!ciency > 2 $ 10#3 would give a signal detectable with a signal to noise ratio of
3 after one year of observation. Taking # = 20%, we find that the signal is detectable for
e!ciencies as small as 0.01%.

E. Burst sources

Christian Ott,Chassand-Mottin
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Accreting Neutron Stars
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FIG. 9: Sensitivity and the spin-balance limit for the accreting neutron stars.

1. Low-mass X-ray binaries

Watts, Krishnan
Observations of accreting neutron stars lead to perhaps the most important reason why,

irrespective of the mechanism at work, at least some neutron stars might be actally emit-
ting detectable gravitational waves. This is the observation that even the fastest accreting
neutron stars spin at rates much lower than the expected break-up frequency. The current
record is 716 Hz **cite**, while the theoretically expected upper limit is more than 1 kHz
**cites**. Following a suggestion by Bildsten [71], it is possible that this limit occurs because
of the balance between the spin-up torque due to the accreting matter, and the spindown
torque due to gravitational wave emission. A short calculation assuming a link between the
observed X-ray luminosity with the accretion rate, and taking the mountain scenario for the
emission mechanism leads to the following estimate of the GW amplitude:

h0 = 3! 10!27F 1/2
!8

!
R

10km

"3/4 !
1.4M"

M

"1/4 !
1 kHz

!s

"1/2

. (2.14)

This is seen to be depend on frequency: h0 " !!1/2
s .

Spin frequency measurement plays an important role in what follows and, as we shall see,
can [72]

D. Stochastic background

Regimbau
The superposition of a large number of unresolved sources of gravitational waves pro-

duces a stochastic background, which could be detected by cross-correlating two (or more)
detectors. We can distinguish between two contributions: a background of cosmological
origin, a memory of the early stages of the Universe (see Section V C), and a background of
astrophysical origin, a memory of the evolution of the galaxies and star formation.

The astrophysical contribution is important for at least two reasons. On the one hand,
it may mask the cosmological background in some frequency windows; on the other hand,
its detection would put strong constraints on the physical properties of compact objects
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Bounds on Graviton Mass
Bounding the mass of the graviton 4
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Figure 1. Bounds on the graviton Compton wavelength that can be deduced from
AdvLIGO, Einstein Telescope and LISA. The mass ratio is 2. The distance to the
source is assumed to be 100 Mpc for AdvLIGO and ET, and 3 Gpc for LISA.

ET and LISA are plotted as a function of the total mass of the binary for a fixed mass

ratio of m2/m1 = 2. For AdvLIGO and ET, the source is assumed to be at a luminosity

distance of 100 Mpc and for LISA the SMBH binary is assumed to be 3 Gpc away.

The bounds from the Newtonian RWF and 3PN FWF are compared. Inclusion of

amplitude corrections and the higher harmonics improve the bounds for both ground-

based configurations and at the high-mass end for LISA. The improvement is more
than an order of magnitude for heavier binaries, because higher harmonics play a more

prominent role for such systems. Typical bounds, with the use of higher harmonics,

for AdvLIGO, ET and LISA are 1012 km, 1013 km and 1016 km, respectively. The best

bound, not surprisingly, will be provided by LISA, thanks to its low frequency sensitivity,

to the high signal-to-noise ratios with which it will be observing the supermassive binary

black hole coalescences, and to the very large distances involved. Though our results
are for a specific location and orientation of the binary, we have verified that the bounds

are not significantly altered by di!erent source positions and orientations.

The remainder of the paper provides details underlying these results. In Sec. 2, we

describe the full-waveform model used, the noise curves for the various detectors, and

the technique of matched filtering. Section 3 details the bounds obtainable from the

various detectors.

Arun and Will (2009)10
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A list of WG4 problems
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Open but easy problems
A systematic and well-document study of the angular 
resolution of ET for BNS, BBH, NSBH

A systematic study of the error in luminosity distance 
with red-shift

The number of galaxies within the error box of ET on 
the sky

Trade studies with different ET designs

A single site triangle versus multiple site L-shaped 
detectors

Can ET operate usefully in coincidence with advanced 
detectors? What about BBO/DECIGO?

13
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Science with BBH mergers
ET should be able to see thousands of BBH mergers at z~1 with 
an SNR of 100 or more

Within z~5-8, ET should detect millions of these sources

Challenges:

Can we disentangle these sources from everything else 

Not looked at the science potential of such a large number of 
events

Obvious things to do

Mass function of black hole binaries, star formation rate, 
strong field tests of GR

How well can we determine cosmological parameters 
statistically?

14
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Multi-messengers and ET
What optical, radio, x-ray, gamma-ray, neutrino 
telescopes/detectors will be operating on the 2025 
time scale that are capable of good sky-coverage

If we want to follow-up ET BNS/BBH coalescences 
what sort of optical telescopes would we need, how 
many of them to cover the entire globe, etc.

Create a database of  “small” (3 m class) 
telescopes around the world

Record all the necessary information about every 
potential telescope that could be useful for us
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Wednesday, 14 October 2009



Large scale structure of the Universe

From a large sample of measurements of the 
Hubble parameter it should be possible to deduce 
large-scale anisotropy

Dipole anisotropy can be measured to an 
accuracy of fraction of a percent

Residuals can be used to test anisotropic Bianchi 
Type I models
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Sensitivity to Stochastic Background

Can ET’s sensitivity to SBG improved beyond the 
standard cross-correlation-based values

Can one construct “noise-only” channels from ET’s 
three detectors?

How well can we subtract the noise to improve 
sensitivity to SBG?

What lessons have been learned from H1-H2 common 
noise?
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