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Tidal forces

Tidal eftects can have an impact on gravitational waves emitted by binary systems
['T. Hinderer (2008); E. E. Flanagan and T. Hinderer (2008) ]
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[N. Yunes, M. Coleman Miller, K. Yagi (2022)]
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Tidal forces
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Einstein Telescope [Max Planck Institute]

The upcoming generation of gravitational waves
detectors (e.g. LISA, ET) will provide an
improved sensitivity and a wider frequency
range

LISA [Max Planck Institute]
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https://www.aei.mpg.de/einsteintelescope
https://www.aei.mpg.de/einsteintelescope

Tidal forces
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22 w Extreme mass ratio inspiral [Wikipedia]
Supernovae LISA will detect EMRIs
Jwew a0+ w0+ w0 e 1w .+ 1+ EMRIs are a probe of the surrounding
Frequency / Hz . N .
environment: accretion disks, dark matter,
[C. Moore, R. Cole, C. Berry (2013)] .
supermassive black hole
A CC e 1dal dertormations o1 a SIOWI1Y Y PILITIIT S DITALY SYSLCIT]


https://en.wikipedia.org/wiki/Extreme_mass_ratio_inspiral

Tidal forces

In my Master’s thesis, I studied:
® the effects of tidal forces

® exerted by a third supermassive

black hole
() on the EMR binary SYStem,S Extreme mass ratio inspiral [Wikipedia]
dynamics LISA will detect EMRIs

EMRIs are a probe of the surrounding
environment: accretion disks, dark matter,
supermassive black hole

1dal detormations Of a SIowly Spinning binary system U


https://en.wikipedia.org/wiki/Extreme_mass_ratio_inspiral

But how can we study all of this,
analytically?




Tidal effects on an EMR system

Hierarchical condition

my; << m,

EMR

[B. Deme (2021)]
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Tidal effects on an EMR system

Hierarchical condition

m; << m, < ni,

EMR

Small-tide approximation

[B. Deme (2021)]

» The presence of the external black hole is written through tidal forces, small
corrections to spacetime of the inner binary
My

y
> Quadrupole tidal moments ~ O <§>
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Tidal effects on an EMR system

——

» Previous analysis: m, was non-

rotating black hole
|E Camilloni, G. Grignani, T. Harmark, R.

Oliveri, M. Orselli and D. Pica (2023)]

» Now: m, is slowly rotating

» Coupling terms between the black

hole’s spin y, and the quadrupole
tidal moments
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Tidal effects on an EMR system

The particle m) moves in a metric g,
[E. Poisson (2015)] :

g,uv — g,m/ T h//w

[B. Deme (2021)]

>black hole's (m,) slow rotation « y, < 1

non-rotating black hole »presence of the external black hole m; x & _,, %,

> coupling between the spin and tidal moments « y,& ., >,
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Tidal effects on an EMR system

» We can study the dynamics of the test particle m, in the EMR system, in the metric:
g uv g Uy

T~

Radius r B QQ[ . Q[ 0

Energy E

Angular momentum L

» the ISCO, which stands for the Innermost Stable Circular Orbit (massive particles)

> the photon sphere (massless particles)
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Tidal effects on an EMR system

» We can study the dynamics of the test particle m, in the EMR system, in the metric:

g/w _ g/w 4 h/,(tl;at)

ﬁ\\\
Radius r QQ[ o ‘Q[O _|_)(2 ‘Q[I”OI

Energy E

Angular momentum L

» the ISCO, which stands for the Innermost Stable Circular Orbit (massive particles)

> the photon sphere (massless particles)
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Tidal effects on an EMR system

» We can study the dynamics of the test particle m, in the EMR system, in the metric:
= (rot) (tidal)
g,uv o g//w T h,uv T h,uv

T
Radius r QQ{ — ‘Q[O +)(2 *Q{rot T }/] ‘Q[tidal

Energy E

Angular momentum L

» the ISCO, which stands for the Innermost Stable Circular Orbit (massive particles)

> the photon sphere (massless particles)
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Tidal effects on an EMR system

» We can study the dynamics of the test particle m, in the EMR system, in the metric:
= (rot) (tidal) (coupling)
8 =8, th, +h, " +h,

/"\\
Radius r ﬂ:ﬂo —|—)(2 QQ{I,OZL'I‘}/] tQ{tia]al_l_()(2}74_}71)&[

couplin
Energy E PRES

Angular momentum L

» the ISCO, which stands for the Innermost Stable Circular Orbit (massive particles)

> the photon sphere (massless particles)
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Tidal effects on an EMR system

2 27320 /2 2
Iisco = 6my — 4 3 mycos f+n | 3072m, =y, 3 gmz cos fj m(x2) 3 gmz

[f we place the inner binary in an ISCO around a Kerr BH of mass m;:

2
ms m 1
N = SR ; [1 — 5(1 + 4 sin? y)sinzﬁ]

2 (Msco0)

m22 s

M = X2 cos p

(’ﬁ?sco)3
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Tidal effects on an EMR system

2
Iisco = Omy — 4)(2\/; m; COS fj

[f we place the inner binary in an ISCO around a Kerr BH of mass m;:

m22 s

2 (’/;?SCO):S

}7:

1 . 2 . 2
1—5(1+4s1n y)sin“ f3

In the nown-rotating case,
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Tidal effects on an EMR system

2
Iisco = Omy — 4)(2\/; My COS fj

m22 s

2 (Msco0)

1 . 2 . 2
3 1—5(1+4s1n y)sin” | ==

In the non-rotating case, there exist orbital
confiqurations in which the tidal effects
vanish
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Tidal effects on an EMR system

2
Iisco = Omy — 4)(2\/; My COS fj

m22 s

2 (’/;?SCO):S

I N\ In the rotating case, there exist orbital
= yy——— ) confiqurations in which the tidal effects
(7 vanish, but we have a residual tidal effect

thawnlkes bto the sym Cuuptiv\g)!

}7:

1 I
] — 5(1 + 4 sin“ y)sin” | == )

Marta Cocco Tidal deformationSof a slowly spinning binary system October §, 2024



7

ect have a future

®

1S proj

®

> 2
b oy — - -

Does th

life, now

o

I

My academ



PhD Program:

START: END (planned):

1/11/2023 (UNIPG) 11/2026
1/12/2023 (NBI)

Tidal deformations in hierarchical 3-body systems

Strong field spin couplings in hierarchical triples*

o OAIME scenario of my Master’s thesis, but now the
. perturbed black hole mj is slewly ROTATING!

s inear perturbations to the Kerr metric:

Teukolsky equation + metric reconstruction techniques

*work in progress |M. Cocco, G. Grignani, T. Harmark, M. van de Meent, M. Orselli, D. Perefiiguez
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Precession resonance:

excitation in the inner eccentricity
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Precession resonance:
WITH GR WE SEE (BRIG) PEAKS

excitation in the inner eccentricity ... o | AsSICAL APPROACH CANNOT REPRODUCE

*in preparation |M. Cocco, G. Grignani, T. Harmark, M. Orselli, D. Pica
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