
DIVISION 5 
SYNERGIES OF EINSTEIN TELESCOPE  

WITH OTHER GW DETECTORS

Figure 5.1: The GW landscape — a schematic representation of synergistic sources in the
GW frequency-amplitude plane. The figure shows the sensitivities for ET and CE (including
the current LVK detectors) at higher frequencies, and for LISA, Taiji, Tian Qin, DECIGO
and LGWA at lower frequencies (sensitivities for the latter are from [293, 2335, 2337, 2339,
2355, 2356]). Tracks (left to right) represent: an equal mass black hole binary merger (labelled
SMBH) of 106 M� at z ⇠ 6; an equal-mass intermediate mass black hole merger (IMBHB)
of 105M� at z = 1.5; a multi-band source hosting an inspiralling equal-mass stellar black
hole binary (BBH) of 60M� at z ⇠ 0.1 merging in the ET bandwidth; an intermediate
mass ratio inspiral (IMRI) hosting a stellar black of 30 M� orbiting around a black hole of
5 ⇥ 103 M� at z = 1. The “BBH@z=10” track denote mergers at z = 10 of equal-mass black
hole binaries forming in metal poor early galaxies, with a total mass, from bottom to top,
of 20, 60, 100 M�. Squares, pentagons and diamonds refer to Galactic compact binaries
detected by LISA, millions to billions of years away from merging. DLS indicates a dual
line system. Each section of this chapter presents each of these sources and their scientific
opportunities in detail.

of some of the GW observatories mentioned above, along with the frequency tracks of few
example GW sources.

In section 5.2 we quantify the scientific gains from combining observations of merging
binary neutron star (BNS) systems and stellar-mass binary black holes (BBHs) from a net-
work of 3G Earth-based observatories, including ET. These joint observations will deepen our
understanding of the properties and evolution of BNSs and stellar-mass BBHs across cosmic
epochs and will provide insights into the equation of state of nuclear matter, the dynamics
of the Universe on large scales, and the possible existence of exotic compact objects. While
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• How do joint observations with ground-based 
detectors increase the science reach of ET? 

• How do complementary observations over a wide 
GW spectrum increase our knowledge of the 
Universe offering immense potential for 
breakthroughs  across all fields?
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mass ratio inspiral (IMRI) hosting a stellar black of 30 M� orbiting around a black hole of
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detected by LISA, millions to billions of years away from merging. DLS indicates a dual
line system. Each section of this chapter presents each of these sources and their scientific
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understanding of the properties and evolution of BNSs and stellar-mass BBHs across cosmic
epochs and will provide insights into the equation of state of nuclear matter, the dynamics
of the Universe on large scales, and the possible existence of exotic compact objects. While
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• Division 5 is committed to building stronger 
connections across all its areas of interest by 
promoting cross-pollination among diverse 
communities 

• Possible path are now being identified  

• Plan a workshop on this theme PTA

CE



• ET - COSMIC EXPLORER - the “network “ to observe the entire universe
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Figure 5.2: Detector horizons for the two baseline configurations of ET, alone and in con-
junction with a network of two CE as described in the legend. The shaded bands, reported
only for the combinations with CE, denote the range within which 50% of the sources are
detected, when averaging over sky location. Known classes of target sources are reported
for illustration: stellar-mass black holes (SOBBH) and double neutron star systems (catalogs
from [16]), neutron star-black hole binaries (catalogs from [1098] based on [1293, 1297, 2357]),
Population III stars [1602, 1603], and intermediate mass black holes (IMBH) [293]. The or-
ange band is representative of a population of high–redshift primordial black holes (PBHs)
[1113, 1666]. Triangles show the events detected by the LVK collaboration [6].

advances in our understanding of the population and origin of compact object binaries. How-
ever, in synergy with other GW detectors, several additional science results are expected,
which are highlighted here. We discuss both synergy with high-frequency detectors and with
mid-frequency detectors.

5.2.1 Synergy with ground-based detectors

There are several other detectors in the frequency range of ET, from a few Hz to a few
kHz, that could provide synergy with ET. The most important one is Cosmic Explorer (CE)
[14], a US project for a third generation detector. Einstein Telescope and Cosmic Explorer
strengthen and complement each other in important ways. An important di↵erence is that
CE is expected to be slightly more sensitive in the 10–100 Hz range which will complement
the ET sensitivity curve [14], whereas ET is expected to have better sensitivity compared to
CE at lower frequencies as a result from ET’s underground location that suppresses seismic
disturbances, reducing the Newtonian noise that limits CE at low frequencies. To highlight
this synergy, figure 5.2 shows the detection horizons for equal–mass, non–spinning binaries,
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• Deeper (z) 
• Wider (M) 
• Sharper (PE)

• Tracing star formation across comic 
epochs 

• Discover IMBH 
• Fundamental physics and cosmology 

-nuclear physics (with EM counterparts) 
• Sky Localisation

• Discuss: Virgo Next - ET 
transition from a scientific 
perspective in a more 
quantitative way 



• Revisit estimates on multi-band observations if nearby massive BHB mergers in light 
of the new discoveries during run O4 is of common interest 

• This will spark new (short author list) papers - a white paper ?

•ET-DECIGO-LGWA-LISA 
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TABLE I. Summary of the properties of the injected sources.
The orbital eccentricity at 10mHz is denoted e0.01.

Name m1 m2 �1 �2 e0.01 z

Light 36M� 29M� 0.13 0.14 1 ⇥ 10�4

7.70 ⇥ 10�3 0.033

Heavy 85M� 65M� 0.76 0.85 1 ⇥ 10�4

3.16 ⇥ 10�2 0.11
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FIG. 1. The multiband waveforms starting 3 years before
merger chirp through the upper end of the LISA band at
⇠ 10mHz into the ground-based band (starting at 10Hz)
where they merge. Blue (red) solid lines show the charac-
teristic strain for the light (heavy), high eccentricity sources.
The sources take several days to cross from the LISA to the
ground-based band. Black solid/dashed/dotted lines show the
design sensitivities for CE/ET/LISA whilst the dash-dotted
lines show the target O5 sensitivities of LIGO/Virgo. Higher
modes and spin precession characterize the signal modulation
for ground based detectors. In the LISA band, signal modula-
tion occurs due to spacecraft motion around the Sun and, for
these high eccentricity sources, contributions from subdomi-
nant harmonics visible at the lowest frequencies.

(“low” and “high”) in the LISA band and assume that
(due to GW emission) they have negligible eccentricity
by the time they enter the frequency band of ground-
based instruments [17]. The waveforms for these systems
are shown in Fig. 1 and the system parameters are sum-
marised in Table I (full details are given in the supple-
ment). We simulate these multiband sources consistently
across all frequencies using waveforms that include eccen-
tricity and spin-induced precession and higher multipoles
where relevant.

LISA observations – The early inspiral is well de-
scribed by post-Newtonian theory and is governed pri-
marily by the chirp mass Mc = (m1m2)3/5/(m1+m2)1/5.
The inspiralling, precessing, and eccentric signal is mod-
elled using an approach that leverages analytic solutions
of the conservative problem to e�ciently integrate the
equations of motion over radiation-reaction timescales
[18]. Following [19], we perform Bayesian inference on
the full LISA time delay interferometry outputs using
the Balrog code (for details, see the supplement).

FIG. 2. LISA posteriors (dotted blue) on the chirp mass Mc,
time to merger tm, and eccentricity e0.01 for the “light”, high-
eccentricity source. Solid/dashed blue lines show posteriors
from third generation ET/CE ground-based instruments. The
LISA measurement of Mc (and, to a lesser extent, e0.01) is
degenerate with tm which is broken when combining with
the merger time measured from any ground-based instrument
leading to significant improvements in the combined, multi-
band measurements (shown in black). Similar results for the
“heavy” source are shown in Fig. S1.

In all cases, the chirp mass is extremely well measured,
with fractional errors of ⇠ 10�4. Crucially, LISA also
makes accurate measurements of the eccentricity, e0.01
(at a reference frequency of 10 mHz), with absolute er-
rors of ⇠ 10�4

� 10�3. The other intrinsic parameters
(including the mass ratio and component spins) are not
well measured, see figures and tables in the supplement.

The LISA measurements of the chirp mass and eccen-
tricity are partially degenerate with the time of merger,
tm, which is determined to within a few hours. When the
system eventually merges in the ground-based band, tm
is determined to within ⇠ 1 ms, breaking this degener-
acy. Therefore, LISA measurements combined with just
the time of the 3G detection (and no other information)
allows a more precise determination of Mc and e0.01 (see
Fig. 2). The improved eccentricity measurements mean
that binaries with residual eccentricities ⇠ 10�3 at or-
bital periods of a few minutes can be distinguished from
circular.
Ground-based observations – It is currently uncer-
tain what ground-based instruments will be operating
when the first multiband sources merge. We consider 3
possibilities: an upgrade (target O5 sensitivity) of the
existing LIGO-Virgo network [20] (hereafter HLV+ ),
and the 3G instruments ET or CE. Adopting a conserva-



• Astrophysics 

• Inference Horizon -  Exploit uncertainties in the parameter estimation of high-
redshift signals in ET  (LISA) to study the repercussions of these uncertainties in 
interpreting  LISA (ET)  signals on merging massive black holes at comparable and 
lower redshifts.  

• Shall we really succeed in understanding the origin of seeds with ET — LISA only ?
How ET events are representative of the “seed” population? 

•  Extend Population studies to Double WDs  (present in LISA sky) using population 
synthesis models of  Double NSs, BHs discussed in the context of LVK and ET for 
Milky Way like galaxies. ?   

• Comparison on the predictions of intermediate mass black holes? White papers/
reviews 

•ET-DECIGO-LGWA-LISA 

Figure 5.11: Left panel: horizon redshift for IMRIs involving a stellar BH of 30M� as a function

of the mass of the more massive primary mIMBH. Detection is set at SNR=15 using the GWFish

tool [256] for ET (green straight curve), LGWA (blue dashed curve), and LISA (purple dotted curve).

Right panel: cumulative mass distribution of IMRI detection versus the IMBH mass. These systems

are dynamically formed in young, globular, and nuclear clusters and their overall population is shown

by the filled grey histogram. The detectable sub-population of IMRIs are shown for ET, LGWA

and LISA (as in the legend). Models are obtained from combined population synthesis simulations

performed with the BPop code [1452] and parameter estimation performed with GWFish. Adapted

from Arca Sedda (in prep).

LGWA. The cumulative mass distribution for this selected IMRI (right panel of figure 5.11)
shows the saturation mass in the three detectors. Finally, it is interesting to remark that
with LGWA and deci-Hz detectors we have the possibility to probe the region of the IMBH
mass spectrum that is poorly covered by ET or LISA, i.e. roughly (5 ⇥ 103 � 104) M� [1393,
2335, 2500].

Joint multi-band observations of the same event will be possible for (102 � 104)M�

binaries out to redshift z ⇠ 2 � 4, enhancing the ability to carry on precise measurements of
the source parameters at such high redshifts [2501]. Multi-band detection of distant lower
(higher) mass binaries would be instead limited by the sensitivity for LISA at frequencies
around and above 0.1 Hz (for ET/CE at frequencies around and below 3 Hz).
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Figure 5.10: The ET and LISA cosmic horizons. The figure shows contour lines of constant
signal-to-noise ratio (SNR) in the plane redshift versus total mass of the black hole binaries,
as measured in the source frame. Binaries have all mass ratio 0.5. Yellow dots denote loci of
BH mergers extracted from the semi-analytical model of [2461], which tracks the evolution of
light and heavy seeds forming in merging halos. Light seeds form at z ⇠ 20 � 30 as relics of
population III stars in molecular cooling dark matter halos of 106 M�. Heavy seeds form later
(z ⇠ 10 � 20) in atomic cooling halos of 108 M� under contrived conditions (see the review
by [2456] and references therein). The bulk of the merging black holes in LISA come from
the growing light seed population that ET can detect when seeds form in binaries. Red dots
and blue triangles denote the quasars observed at 4 < z < 11, from JWST [2446, 2450, 2465–
2467] and ALMA[2464], respectively. Green contour lines depicting the vast population of
AGN are from [2452].

ET and LISA together. In figure 5.10 we show the synergy between ET and LISA. In [2461],
a semi-analytical cosmological model was developed, aimed at reproducing typical quasars
observed at redshift 8 and 2. The seeding mechanisms include both light and heavy seeds
and merging binaries (yellow dots in the figure) form during halo-halo mergers, under the
hypothesis that dynamical interactions lead to their formation and pairing. The model shows
that most of the LISA events are rooted in the process of formation of stellar black holes
from population III stars, with only a few resulting from heavy seeds.

Comparing GW merger events of ⇠ 102 M� binaries at z ⇠ 10 � 14 detected by ET,
with events of ⇠ 104 � 105 M� at comparable or lower redshifts with LISA (just on the edge
of the left side of the LISA waterfall plot shown in figure 5.10) paves the way for identifying
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• Cosmography  -  Fundamental Physics 

• Comparison study involving all standard sirens methods based on different 
observational scenarios involving ET, CE and possibly LISA

•ET-LISA

•ET-LISA-PTAs
• Early Universe Cosmology: Stochastic GW backgrounds may extend to a wide range 

of frequencies and carry distinct signatures. Are they hidden below astrophysical 
backgrounds?  A  white paper for a “fair” comparison?

•DIVISION 5
• The Division strongly believes that establishing a connection with the Division of 

Data Analysis is of utmost importance, recognising the potential for meaningful 
collaboration and mutual enrichment



• Division 5 in Bologna- Contributions 

• Unravelling the nature of intermediate-mass black holes with ET 
and 3rd generation detectors (Arca Sedda) 

• The formation of early supermassive black holes and their GW 
signatures (Nazanin Davari) 

• Exploring High-Redshift Compact Binary Evolution with Next-
Generation GW Detectors (Divyajyoti) 

• Cosmology with GWxHI Cross-Correlation with Future 
Observatories (Matteo Shultz) 

• Concept Study of a Storage Ring Gravitational Wave 
Observatory for Earth-Based Multiband Detection and 
Terrestrial Gravity Noise Mitigation (Thorben Schmirander)


