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ESA Gravitational Wave Observatory

Earth

ESA L3 mission
(launch 2030-2034)

1 AU (150 million km) 1
Sun

launch of LISA Pathfinder on

Dec 3, 2015 /
performing exceptionally well * .
GOAT committee appointed by ESA to study the science return of
several mission designs: results provided last March

last week: XI LISA symposium in Zurich: exciting news!

ESA call for mission will be next October

the name goes back to LISA and NASA will actively participate



LISA observatory

www.elisascience.org

LISA mission design study for ESA GOAT committee:

number of laser links: 4 or 6?7 =S  Solved: 6 links
noise level: two possibilities sl Solved: pathfinder has flown!

length of the arms: 1, 2, 5 million km? =g Still open

duration: 2 or 5 years?  ssssslgp-  Still open

working groups of the LISA consortium studied the science
return of different designs
result of the LISA cosmology working group


http://www.elisascience.org

LISA observatory: sensitivity to compact binaries

targeted detection: MBH binaries with masses of order 103" Mg

frequency range of detection:
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A. Klein et al, arXivl1511.05581: MBH binaries



Late-time cosmology with the LISA observatory

probing the universe acceleration?

dL(z):(lJrz)Q(/OZ;(i,))
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Late-time cosmology with the LISA observatory

probing the universe acceleration?

dr(z)=(1+2)G (/O HCZ,Q

Betoule et al 2014
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Late-time cosmology with the LISA observatory

probing the universe acceleration?

dL(z):(lJrz)Q(/OZ;(i,))

Tamanini et al 2015, simulated
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standard sirens

GW emission by compact binaries
can be used to measure the luminosity distance
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standard sirens

GW emission by compact binaries
can be used to measure the luminosity distance

e (t) = — ! ) (GMCf (Wf)gcosz sin[®(1)

M. = (14 z)M.

redshifted chirp mass

Wl

N

Analogous to SNIa, but :

(=

® direct measurement of dip up to large redshift without calibration

~ =

® need an independent (optical) measurement of the redshift =



standard sirens

what can we do with LISA?

e LISA can measure merging MBH binaries of 1037 Mo up to redshift
z ~ 10 : for these we have access to dL.

e to get the redshift of these sources one needs
ELECTROMAGNETIC COUNTERPARTS
(typically a jet produced at or after the merger)

e the EM counterpart is detected by a telescope pointing in the
merging MBH binary direction

¢ how many standard sirens (MBH binary + EM counterpart) will
LISA be able to detect, supplemented by some telescope?



how we tackled the problem for LISA

N. Tamanini et al, arXivl601.07112 : standard sirens

e the rate and redshift distribution of MBH binary events are
obtained from numerical simulations
(three different models - Poplll, heavy seeds with delay, heavy seeds
without delay)
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 Fisher matrix code to calculate SNR, the error on di and on sky
localisation from inspiral (conservative) or inspiral+merger and
ringdown (optimistic) for every LISA configuration
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e Select events with SNR > 8 and sky localisation < 10 deg?



how we tackled the problem for LISA

N. Tamanini et al, arXivl601.07112 : standard sirens

the rate and redshift distribution of MBH binary events are
obtained from numerical simulations

(three different models - Poplll, heavy seeds with delay, heavy seeds
without delay)

Fisher matrix code to calculate SNR, the error on di. and on sky
localisation from inspiral (conservative) or inspiral+merger and
ringdown (optimistic) for every LISA configuration

Select events with SNR > 8 and sky localisation < 10 deg?

Add weak lensing and peculiar velocities errors to di



how we tackled the problem for LISA

N. Tamanini et al, arXivl601.07112 : standard sirens

e model of the counterparts :
- detected directly in the optical by LSST

- detected first in the radio by SKA and then in the optical by E-ELT
- add extra redshift error if photometric



how we tackled the problem for LISA

N. Tamanini et al, arXivl601.07112 : standard sirens

e model of the counterparts :
- detected directly in the optical by LSST

- detected first in the radio by SKA and then in the optical by E-ELT
- add extra redshift error if photometric
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number and redshift distribution of LISA standard sirens

Number of standard sirens (5 years mission)
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constraints on cosmological parameters with LISA

* LISA cannot constrain
simultaneously the five parameters (Q2ar; Q, oy wo, wa)

we need to choose cosmological models




constraints on cosmological parameters with LISA

* LISA cannot constrain
simultaneously the five parameters (Q2ar; Q, oy wo, wa)

( Cosmological constant + curvature]

Qpr = 0.3 £ [0.22, 0.026]
Qp = 0.7 % [0.54, 0.09]
h = 0.67 % [0.13, 0.016]




constraints on cosmological parameters with LISA

* LISA cannot constrain Orr O
simultaneously the five parameters (Q2ar; Q, oy wo, wa)

( Cosmological constant + curvaturej

h = 0.67/4[0.13, 0.016]

worst case scenario regarding best case scenario regarding
MBHB formation model and sky MBHB formation model and sky
localisation localisation



constraints on cosmological parameters with LISA

* LISA cannot constrain Orr O
simultaneously the five parameters (Q2ar; Q, oy wo, wa)

[Cosmologioal constant + curvaturej

QM =0.0x :0'227 0'026] best case scenario gives a
Qx = 0.7 4 0.54, 0.08 2% fully independent

measurement of the Hubble
h = 0.67 £ [0.13, @) parameter

2y = 0.305 +0.01

SNIa + Planck + BAO _
(Betoule et al 2014) QA = 0.693 = 0.01

h = 0.683 = 0.01
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[ ACDM |

074 v - - v ~ . 074, - v - - - 074

072 N2ASMSLS ] 072 [ N2ASMSL6 072 N2ASMSL6
Sl § Light seeds (popll) 7 F ey Heavy seeds (no delay)
0.70} 0.70F ] 070} Q
o6st - 0.68:— ] 068t - Z\/_Z — Oo3 - [0.09, 00018]
1 = ; = x .
0.66} : 066} ) 066} :
oo | h=0.67%[0.048, 0.008]
0.62} - 062f 062 -
R R R e R Y I R AT Y I R R R R Y Y
IIM ﬂ.u
T — ) 074~ | — _
072 N2A2MSLS ] 072 072 N2A2MSL4 ] .
72 bt s popm | 072 72 Feavy sood (nodlay) Planck alone :
070 ] 0.70}

0.68 < \\4 onsf-
066~ . } “ 0ss L
0.64} \\, 064f
062} 062f

| x | Qar = 0.308 £ 0.0012

062}

I S bt h = 0.678 £+ 0.009

0.60L 0.
015 020 025 030 035 040 045 0.15 020 025 030 035 040 045 0.15 020 025 030 035 040 045
0, 0, 0,

LISA fixing Qu : e fully independent constraint
e comparable with Planck in

h = 0.67 + [0.0099, 0.003] worst case scenario

* 0.4% in best case




[ Dynamical Dark Energy]
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constraints on cosmological parameters with LISA
summary of standard cosmology

LISA will help solving the tension about the measurement of Ho !

it cannot provide good constraints on dynamical dark energy
because most of standard sirens are at high redshift

maybe it can be used to probe the expansion of the universe at
z ~ 0, redshift yet unobserved?

we analyzed two examples of more exotic dark energy models
providing deviations from the ACDM expansion at high redshift

early dark energy and interacting dark energy (for which there is
some evidence in latest cosmological observations)

Salvatelli et al 2014, Murgia et al 2016
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[ Interacting Dark Energyj

@, two models for the interaction

—( Q = €1Hpdm and Q = e2H pgec
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Conclusions

we have assisted to a historical event, the LIGO /Virgo
detection, which (so far) confirms GR

this opens the era of GW astronomy and cosmology :
we have a new, independent “messenger” to be added to EM emission

LISA is now on track for launch in 2030-2034

GW are revealing to be a powerful mean to probe cosmology:
this should be fully investigated and exploited!



