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Sensitive in the mHz frequency range which
Is anticipated to be the richest frequency
band in terms of GW sources

e

Galactic Backgronnd -i
j MBHBs at = =3
#  Veriflcation Binaries
= EMRI Harmonics
= LIGO-type BHB=
3 satellites trailing the bl
Earth connected

through laser links

Cal. Bin. |SNE

Proposed baseline:
2.5M km armlength

6 laser links
4 yr of science data

Characteristic Strain

Frequeney (Hz)



- Now a thriving community: 1300+ among full and associate members

- Several working groups connecting to the community: astrophysics,
fundamental physics, cosmology, waveforms

- Several working packages defining deliverables

- 2 consortium meetingslyr, LISA symposium every 2 years dedlcated WG
meetings every year :

LISA Consortium User Guide

t\f’."/’ LISA Consortium User Guide

LISA Consortium User Guide

Key information
tium websit 0\. Mailing lists

« Consortium

Management

s " — ~ th an + Consortium Lead : consortium

[need to be logged to the wiki - sea i
s Exec Board : exec_board@lisamission.org
e Board Member : board@lisamission.org
e Coordinator ord@lisamission
+ Coordination Group : coordination@lisamission.org
e Publication Committee : pubcom@lisamission.org
# Publication Committee Chairs : pubc

Collaborative tools <form workng Groups Full Member Groups

LISA Instrument Group

s LISA Instrument Group : lig@lisamission.org

s LIG Core: j-core@lisa

e LIG Performance Modelling WG : 1ig-pmwg@lisan

s LIG-OB:lig-ob@lisamission.org

* LIG-PMS: 1ig-f 3 on .o
Development tools and guidelines v LGRS

e LIG-OMS : lig-oms@lisamission.org

® LIG-Chairs: lig-chairs@lisamission.org

e LIG SLWG Chairs : 1ig-slwg-chairs@l

e LIG Performance Modelling WG Chai



https://www.lisamission.org/

Massive objects inspiralling and merging: fregeuncy set by the
Most massive object so we have:
1-massive black hole binaries (MBHBS)
2-extreme mass ratio inspirals (EMRIs)

—

o
2y
o~

Galactic Background
I MBHBs at z = 3
3¢ Verification Binaries
EMRI Harmonics
- LIGO-type BHBs
GW150914
Gal. Bin. (SNR > 7)
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Observatory
Characteristic Strain
= Total

107 107
Frequency (Hz)

Light objects far from coalescence:
monochromatic or slowly inspiralling
1-Galactic binaries (all flavours, most prominent WD-WD)
2-Extragalactic stellar BHBs (multiband astronomy)



lookback time (Gyr)
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(Menou et al 2001, Volonteri et al. 2003)

* Stars/Early-type BCG

* Stars/Early-type non-BCG
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lookback time (Gyr)

lasag o >

(Ferrarese & Merritt 2000, Gebhardt et al. 2000)

*Where and when do the first
MBH seeds form?

7 - *
Binaries How do they grow along the
cosmic history?

ine\[itably *What is their role in galaxy

evolution?

*What is their merger rate?
*How do they pair together and
dynamically evolve?

(Menou et al 2001, Volonteri et al. 2003)
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(Kahn+11,
Preto+11,
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. black hole - black hole mergers
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Semianalytic models for galaxy and MBH formation and evolution
(Barausse).

The explored scenarios cover a wide range of merger histories:
-Heavy seeds no time delays

-Heavy seeds time delays
-Poplll seeds time delays

poplll
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LISA is anticipated to detect:

~100+ detections

~100+ systems with sky localization to 10 deg2

~100+ systems with individual masses determined to 1%
~50 systems with primary spin determined to 0.01

~50 systems with secondary spin determined to 0.1

~50 systems with spin direction determined within 10deg

~30 events with final spin determined to 0.1



Astrophysical unknowns in MBH formation scenarios

1- MBH seeding mechanism (heavy vs light seeds)
2- Metallicity feedback (metal free vs all metalliticies)
3- Accretion efficiency (Eddington?)

4- Accretion geometry (coherent vs. chaotic)

CRUCIAL QUESTION:

Given a set of LISA observation of
coalescing MBH binaries, what
astrophysical information about the

underlying population can we
recover?

Create catalogues of observed
binaries including errors from eLISA
observations and compare
observations with theoretical Y N
models o] e | N N
(see also Toubiana+ 2021) R

nhde Lonlicence |p]

AS et al. 2011, see also Plowman et al 2011
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(Mangiagli+ 2020, Piro+ in prep.)

-Athena pre-pointing only possible for very low z sources
-LSST/Rubin more suitable for tracking inspiral periodicity (but optical)




L =Llggq; Ny=10ecm—2; [0.5-2] keV
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L =Legs; Nu=10*cm=2; [2-10] keV as L =0.1Lgya; Ny =10*'cm=2; [0.5-2] keV
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(McGee+ 2020)




- Cosmology and cosmography at high z

- Study of accretion on MBHs with known mass
and spins

- Study of the interplay between MBHs and gas
(torques, disk structure, disk models)

- Host galaxy, Jet launches, AGN lightup...
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Courtesy of N. Tamanini
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- 1-1000 detectionslyr

- sky localization <10 deg2

- distance to better than 10%

- MBH mass to better than 0.01%

- CO mass to better than 0.01%

- MBH spin to better than 0.001

- plunge eccentricity <0.0001

- deviation from Kerr quadrupole
moment to <0.001

o

precession of orbital plane

log (M /M)

horizontal direction

New tool for astrophysics (Gair et al 2010)
cosmology (McLeod & Hogan 2008, Laghi+ 2021),
and fundamental physics (Gair et al 2013) ...

to be further explored

modulation due to precession of orbital plane
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(Babak et al, 2017)
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eSS Astrophysical uncertainties are huge:

-MBH mass function unknown below 106
solar masses

0.01

-distribution of compact objects (CO)
around MBH (Preto & Amaro-Seoane 2010)?

dn/dlogM [Mpec-3]
o

-are COs inspiralling (thus producing
EMRIs) or plunging (Merritt 2015)?
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104 108 108 107 108 100
Mass [M]

-Scaling with mass too naive! (Babak+17)
Using astrophysically motivated prescriptions we generated 12 models:

Mass MBH Cusp M- CO EMRI rate [yr ']

Model function spin erosion relation Np mass [Mqo] Total Detected (AKK) Detected (AKS)
M1 Baraussel2 ads ves Gultekin(9 10 10 1600 294 189
M2 Baraussel?2 a98 Ves KormendvHol3 10 10 1400 220 146
M3 Baraussel?2 a9s8 ves GrahamScottl3 10 10 2770 =09 440
M4 Baraussel?2 ads ves Gultekin09 10 30 520 (620) 260 221
M5 Gairl0 a9 no Gultekin09 10 10 140 47 15
M6 Baraussel2 ads no Gultekin09 10 10 2080 479 261
M7 Baraussel?2 a9s Vves Gultekin09 0 10 15800 2712 1765
NS Baraussel?2 a9s ves Gultekin09 100 10 180 35 24
MY Baraussel2  aflat ves Gultekin(09 10 10 1530 217 177
NM10 Baraussel?2 al Ves Gultekin(9 10 10 1520 188 188
MI11 Gairl( al no Gultekin(9 100 10 13 1 1
M12 Baraussel2 a9l Gultekin09 0 10 20000 4219




ACDM, 10yr DE, 10yr
Model M1 (fiducial) Model M1 (fiducial)

Example of possible eLISA cosmological data _ +0.052
h =0.72213-913 | | Wo = —1.04975 025

100+

|
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w, = 0.286+3:263

Laghi+21
> Independent measurement of Ho at 1.5% level (Laghi+21)

> Independent measurement of wo at 5% level (assuming Ho known)




There are WD binaries for which we know period masses and distance
(to some extent): verification binaries.

These systems are known to produce a high S/IN signal in LISA.
Many more expected to come with GAIA

SDSS J0935 st v
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The signal looks like a ‘forest’ of lines piling up

Rates?
Eccentricity?
Triplets?
Type la?

log f (Hz)




(AS 2016, PRL 116, 1102)
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BHB will be detected by LISA and cross to the LIGO/Virgo band,
assuming a 5 year operation of LISA.




Implied BHB mass
distributions and merger
rates higher than previously
thought and BHs are more
massive

Flat
Event Based

FPower Law
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eLISA will detect up to
thousands of BHBs with S/IN>8
up to few hundreds crossing to
the aLIGO band in 5yr




>Detector cross-band calibration and validation (LISA - L-V-K)

>Multiband GW astronomy:
LISA - L-V-K: *alert L-V-K to ensure GW detectors are on
*Inform L-V-K with source parameters: makes
detection easier
L-V-K - LISA: *identify sub-threshold source that can be dug
out of the LISA data streams

>Multimessenger astronomy:
-point EM probes at the right location before the
merger

>Enhanced tests of GR: e.g. strongest limits on deviations from GR
>Astrophysics:

-independent measure of spins

-measure of eccentricity

>Cosmology:
-new population of standard sirens?



cosmic reionization

cosmic high noon

106 107




SEEDS SMBHs
*----------------*
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characteristic amplitude
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characteristic amplitude
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(Ricarte & Natarajan 2018) (Sesana+ 2011)

-LISA can see BH seeds up to z~10-15,
down to ~1000 solar masses
-LISA can distinguish among a set of defined seed
models (Sesana+ 2011) but:
- highly idealized
- did not consider ‘other BH populations’
-LISA cannot see the first poplll seed mergers
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redshift

-ET is in principle almost perfectly
Complementary to LISA

-can see the first mergers of poplll seeds
up to high z

-it reaches deeper than EM probes

However:
-can we pin down the poplll nature of
the detecte sources?
-can we connect poplll with SMBHs?

vf (erg/s/cm?)
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(AS 2016, PRL 116, 1102)
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BHB will be detected by LISA and cross to the LIGO/Virgo band,
assuming a 5 year operation of LISA.
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redshift

108 107 108
Mgy [Ma]

-How to connect seeds to SMBHs?

-statistical consistence between LISA and ET
detection?

-combination with high z X-ray LF?

[ Archeology:
Stellar Black ] Intermediate mass
Holes /

ecico -identification of separate subclusters in the
b ‘ (very dense

i1 envonmns oo ET detected sources?
10_1 J_ ‘\.‘ otential wells
10*

Intermediate Mass
Ration Inspirals

-Combining MBHs and SOBHs in SAMs?
What’s the way to go?
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