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Latest on the 3G design performances
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_The Inspiral _

Inspiral tests of gravity are the most easy/commony/safe tool used so far

easiest implementation of the two flavours

US.

agnostic <+

O changes into binary’s binding energy/flux

—»  GW signal modification

accumulate with many cycles

perturbatively included within pN

h(f) = A(f)e"*)

¥ wpe

o(f) — o(f) + B(Mm f)E=D)/3

amplitude ﬂ-—-—J

>

theory specific

(7, B)

Abbott +, PRL 2112.06861 (2021)

can be potentially
mapped to “specific” theories
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Constraints from 3G detectors S. Perkins+, PRD 103, 044024 (2021)
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Map to specific theories of gravity 6(f) —> S(f) + B(Maf) 2153
|
Theory or Physical PN Theory
physieal proceas modification G/P order B parameter 27 =9
Gencric dipole Dipolc / :
radiation radiation G = (B2) 0& 7
Einstein- dilaton Dipole Ty e
Gauss-Bonnet radiation G 1 (B3) v&raasa 7
Black Hole Extra I .
Evaporation dimensions G -4 (B6) M -13
Time varying G LPI G 4 (BT) G 13
.V.asefwe Npr.zero P 1 (B11) My 3
Graviton graviton mass :
dynamical Parity _ , JE—
Chern-Simons violation G 2 (BS) v Sace -1
Noncommurtative Lorentz / <
2 §
gravivy violation G - (B10) VA 1
O same type may correspond to different physical effect when mapped to a given theory
beyond GR
coupling’s theory can depend on the source’s properties
u [ . [
| O actual constraints can change due to scalings and/or correlations
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Gauss Bonnet Chern Simons Massive graviton
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More on agnostic-to-specific deviations
O generic deviations from the Kerr multipolar structure ~ M;®™ + iS5 = M*T1(ix)*

Moo = —/{:MSXQ —_— k = k(couplings, M, x)
Msy = —M>x?[(1 + 0.061618¢Eap + - - -)
— x*(24cp(0.0308519 + .. )]

A. M. + PRD 92, 083014 (2015)
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M. Branchesi + arXiv gr-qc: 2303.15923

O More sophisticate models with broken equatorial symmetry and non-axisymmetric
N. Loutrel+, PRD 105, 124050 (2022)
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F i — —‘n
O Tidal Love numbers
tidal parameters for Kerr BHs vanish | i
scalar tidal love numbers N g
L. Bernard + PRD 101, 021501 (2020) "
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O Frequency dependent Love numbers of dressed BHs
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1 paved for multi-band analysis LISA-ET exploiting different frequency regimes
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O Frequency dependent Love numbers of dressed BHs
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O Varying multiple parameters each time

improvement from multi-band observations

O Precessing ppE formalism

O Dynamical scalarization

M. Khalil +, PRD 100, 124013 (2019)

O Inspiral Merger Ringdown tests

— —‘ﬂ
100
1 O
[(RL 1 |
w Q =
By ¢ | V
2 C s x
A. Gupta +, PRL 125, 201101 (2020) - 1! q &
Perkins & Yunes, PRD 105, 124047 (2022) 1077 o T " + ® b °
IR
10-% < . l.;:t o spur D
N. Loutrel + PRD 107, 044046 (2023) _ .| " dpr |
IV T O T A P X PR
Z. Carson & K. Yagi + PRD 101, 084050 (2020)
- Coherent waveform models encoding multiple effects/coefficients
O Less number of parameters to constrain, possibly alleviate degeneracies
|
lesson learnt from other sources (and phenomena) !
M. Vaglio +, gr-qc: 2302.13954 (2023)
C. Pacilio +, PRL 122, 101101 (2022)
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Modelling frequencies and damping times beyond Kerr

Within GR extension QNMs can be written in terms of Kerr shifts

-[ — (M, x) + ]
ST dw < whter
W — wKen + 5(.0 = 7_Kerr 4+ ST
57_ < 7_Kerr
generic J
deviation

In GR the full QNM spectrum is specified by the mass and the spin of Kerr BHs

O Measuring one mode allows to determine mass and spin

Multiple modes provide independent null-hypothesis tests of GR

C. Pacilio, S. Bhagwat PRD 107, 083021, (2021)

O Deviations proportional to the fundamental coupling constants of the theory
Are QNMs competitive with other diagnostics?

Parametrised Ringdown Spin Expansion Coefficients

A. M., P. Pani, L. Gualtieri, E. Berti, PRD 101, 024043, (2020)
G. Carullo, PRD 103, 124043, (2021)
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_ ParSpec. -
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Assume i = 1... N ringdown observations for which g modes are detected

— @u=

| O Parametrise QNM in terms of a double expansion of spin X' & GR deviation

spin order
k
_sz w@m)+ZXz wem /Y’L (2) ”yz%o
k1=0 ko=0 l
m — — k
M, = 30 A + 3 el gl R
kl— k2—

coefficients of the expansion for Kerr QNMs in GR

O beyond-Kerr corrections to the QNMs: universal & ~i[o7>, s <1

O dimensionless coupling constants, possibly depending on the source

L . — J
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Errors on frequencies and damping times of the fundamental mode for 2

populations of BBH
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Specific models: GB gravity _

Gauss Bonnet gravity with exponential coupling

B - B

L. Pierini & L. Gualtieri, PRD 106, 104009 (2023)
J. Salcedo +, PRD 94, 104024 (2016) |

1
Saep = /d4a:\/—g (R — 5(9“@8“@0 + QZB e“"RéB)

O (QNMs at the second order in the spin Qy,, = wWem — 1/ Tom Bscn = agp/M?
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_How much change. _

Relative change in frequencies and damping times
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_SGB + ParSpec: bounds _

Injected events in GB gravity with a3y,

reconstructed with ParSpec

| :
! O sampling on agB
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§ i i O Spin corrections seem to play a minor
3! 5! role
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L A. M., L. Pierini, V. Vellucci, L. Reali, E. Berti, L. Gualtieri + to appear
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_Summary.

3G interferometers expectations

= Full pupulaticn
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M. Branchesi + arXiv gr-qc: 2303.15923
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Accommodate multiple scenarios

_Science Cases _ _

agnostic tests the Kerr QNM spectrum

O scale free couplings ~; = const
by

m

O coupling can be re-absorbed in the shifts fyic?wéfj) > 5wé

oP

O dimensional coupling constant |o] = [mass?] ~; = o P= 4
O coupling can also be re-absorbed aéwéfrf) o 5wéf§)
QNM spectrum in specific beyond GR theories
- : agp s
O Gauss Bonnet and Chern Simons gravity i = i = g

O map frequencies/damping times to the ParSpec shifts 6w 57

Im

O sampling is on the couplings agB,cs
A. M., L. Pierini, V. Vellucci, L. Reali, E. Berti, L. Gualtieri + to appear
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_Population models. _

-

N sources drawn from binary black hole catalogues

O POWER LAW + PEAK phenomenological model (GWTC3 inspired)

R. Abbott + arXiv PRX 13, 011048 (2023)
P(ml) X [(1 - A)Haw(mllf}/la mmax)

P(q) < q¢"S(m1q|mmin, Om
1+ AG(m1 |y 7)] S (M [T O (@) o g™ S(mag )

O BBH sampled up to z=10, with z-distribution following a Madau-Dickinson curve
for the SFR

O 2 spin assumptions

model I X1,2 € S-distribution (., 8) = (2,5)

model II X1,2 € uniform [-1,1]

O 3G detectors: 2 x Einstein Telescope & Cosmic Explorer

M. Branchesi + arXiv gr-qc: 2303.15923 (2023)
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_(sub)Population models _ _

Mass-spin distributions for the selected BH remnants
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_Spin-less corrections (again)_

P — —‘ﬂ
6 4
m _ k 1) (0) (0) em 1) (0) (0) o
= > X @ + D Vi6w /M, = Z XEFED) 20 5 (0 Y=
k1=0 k1=0 ) |
2D posteriors stacking all set of events
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O bounds insensitive to spin models, strongly dependent on BH mass
posteriors dominated by O(100) events with low masses
0
O projected bound on the coupling o ~ [&u( )]1/ 4 ~ O(10km) #
O Adding spin terms does makes the posteriors uninformative




