Constraining higher dimensions with MBHB merger events

arXiv:2004.04009 (M.Corman,C.Escamilla-Rivera, M.A.Hendry)

(K.Pardo et al.,B.P.Abbot et al.)
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EMRIs
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Extreme Mass-Ratio Inspirals

* Precision astronomical probes \
.

» Parameters measured with variance that scales N(;iles ~ 10~ = 10~

e Spin (107% — 1072), redshifted mass ( 10— — 10— %), distance and source
masses (~0.03 - 0.3)

* Environmental information (accretion disc)

e Sky location < 10 Gleg2 ‘
 Galaxy and Massive Black Hole Evolution 4 y
* EMRIs as sirens - constraining the Hubble constant
 Mapping spacetime geometry

* Deviations from GR - more orbits => tighter constraints on alternative
theories of gravity
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Einstein Field Equations:
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Perturb the background space time: \:;\
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Einstein Field Equations:

Gavlg] = 8mTabgl, m=p  Oplg] + €0Gap[h] = 8T Taplg] + O(€?)
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e Scalar Case: Q\«m,
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* Green Function decomposition:

P(x) = q/G(:I;,z)dT, = (O0-(R)G(z,2") = dmog(z, z")
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e Scalar Case:

(0= CR)® = 4+ O(e) u(x) = g / Siarydr
* Green Function decomposition:
P(x) = q/G(:I:,z)dT, = (O0-(R)G(x,x2") = 4moylz, 2")

e Retarded and advanced Green Functions:

G ret/adv)(@,2") = U(z,2")04 /(o) = V(z,2")O4/_(—
Retarded
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e Scalar Case:

(O—-CR)® = —4mp + O(?) u(zx) = q/mn“)d)

* Green Function decomposition:

P(x) = q/G(:I:,z)dT, = (O0-(R)G(z,2") = dmog(z, z")

e Retarded and advanced Green Functions:

G (ret/adv)(@,2") = U(z,2")04 /(o) = V(z,2")O4/_(
Retarded

* Look for solution of the type: Advanced

1
Gsy(z,2") = 2 [Gret(z,2") + Goav(x, 2") — H(z,2")]
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e Scalar Case: \
(O—-CR)® = —4mp + O(?) p(x) = q-' 04(Z; z)dr

* Green Function decomposition:

P(x) = q/G(:I:,z)dT, = (O0-(R)G(z,2") = dmog(z, z")

e Retarded and advanced Green Functions:

G (ret/adv)(@,2") = U(z,2")04 /(o) = V(z,2")O4/_(
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* Green Function decomposition:
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e Retarded and advanced Green Functions:
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* Mode-sum regularisation

. Barrack, Ori 2001)  Fa(Z) = F iret) (z) — F ’ =8

» Expansions of the form, F*”/(S)( ) = FY5) (3 ("1
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Mode-Sum Regularisation: Scalar Case

 Mode-sum regularisation
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* Barrack, Ori (2001) Fo(z) = Z (Fcf(ret) (Z) — Fjw) (f)) ;
¢

« Expansions of the form, FXO) () = FYO5)(z) + Ot

2—71—2

convergence

higher
order
parameters
INncrease
efficiency




Increased Efficiency

Mode-Sum Regularisation: Scalar Case

 Mode-sum regularisation
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Wet EMRIs may be more common for space-borne

gravitational wave detection

Zhen Pan, Perimeter Institute

Zhen Pan, Perimeter Institute
arXiv: 2101.09146, 2104.01208

Apr 28, 2021
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Dry EMRIs v.s. Wet EMRIs: pictures
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Figure: Dry EMRIs via loss cone Figure: Wet EMRIs in AGN disks
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Dry EMRIs v.s. Wet EMRIs: rates
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Figure: Wet EMRI rate per AGN vs Dry
per MBH: Tyet /T ary = O(10 — 103).
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AGN fraction: fagn ~ 1%
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AGN fraction: fagn ~ 1%
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Distinguishable source properties:

Figure: Wet EMRI rate per AGN vs Dry eccentricity e, inclination ¢, environmental
per MBH: fwct/fdry = 0O(10 — 103), imprints on the waveform §¢
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AGN fraction: fagn ~ 1%
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Figure: Wet EMRI rate per AGN vs Dry eccentricity e, inclination ¢, environmental
per MBH: fwct/fdry = 0O(10 — 103), imprints on the waveform §¢
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PRIMORDIAL BLACK HOLES AS DARK MATTER

LISA CAN PROBE THE REMAINING WINDOW
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Davide Racco (Perimeter Institute) Cosmological GW backgrounds: from PBHs to phase transitions
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PRIMORDIAL BLACK HOLES AS DARK MATTER

LISA CAN PROBE THE REMAINING WINDOW

Collapse from large overdensities

PRIMORDIAL BLACK HOLES [€——""" ey, [ GRAVITATIONAL WAVES

Mpgn [g] Mppg [Mo)]
10'® 102 1024 1027 10%0 107 10 107 1071 1071t 10712
I I I I | I I | \Keple%/ I T | ) | T = I | | ! ! |

10—13 10—14 10—15

(k) = A, x kyd(k — k)

| | | | | | | | | | | | | | | | | | 1 — Pe(k) = A X exp [—log(Qk/S/@f/Qa?]
107t 107 1077 10°° 1073 | e —
Mpgn (Mg

[Bartolo, De Luca, Franciolini, Peloso, Racco, Riotto 1810.12224]

Davide Racco (Perimeter Institute) Cosmological GW backgrounds: from PBHs to phase transitions



STUDY EARLY UNIVERSE WITH LOW f SPECTRUM

PHASE TRANSITIONS AND CAUSALITY

Model
dependent
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Quantum Gravity

General Relativity Quantum Mechanics

Image Credit: Time Magazine Image Archive Image Credit: Transocean Berlin http: brary.si.edu/image-gallery /73553
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Theories of Quantum Gravity

o String Theory: Strings replace point particles
@ Loop Quantum Gravity: Gives quatization of time, length, area, and volume

@ Phenomenological Models

» Doubly Special Relativity:
Dynamics with postulated Lorentz invariant length scale.

» Generalized Uncertainty Principle:

Deformation of the position-momentum commutator to accumulate minimal
uncertainty in position

Vasil Todorinov Quantum Gravity effects on Gravity Wave detection



A new window to the universe

The Gravitational Wave Spectrum

Quantum fluctuations in early universe

Binary Supermassive Black
Holes in galactic nuclei

@
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= Galaxy & beyond
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LISA as a Quantum Gravity measurement (1)

@ Noise in the detectors
P. Bosso, S. Das, R. Mann Phys. Lett. B 785 498, (2018) arXiv:1804.03620

(AZ)2 x E(o) + ﬁE(l) + “/5(2)
N— ————

GUP contribution
where v = 70/(Mp;c)? and 7o € R

@ Quasi-Normal Modes in alternative theories of Gravity
J. L. Blazquez-Salcedo et. al. Phys. J. Plus 134 (2019) 1, 46

f= ot
2 o 1 g R2 1 o
291 |VVoRE + 3] (5 (<R™) Ron+ 7 = 5V VR ) +
Ao
2R RY,, — RRY|

Vasil Todorinov Quantum Gravity effects on Gravity Wave detection



LISA as a Quantum Gravity measurement (2)

o Gravitational Wave luminosity distance: QG modifies the propagator of GW
E. Belgacem, Y. Dirian, S. Foffa, M. Maggiore Phys. Rev. D 97 (2018) 10,

104066
p _ Npp"lvo + NuoMvp — MurNpo
Hvpo k2(1+2'\/k2)
—~—
GUP

@ Quantum Gravity relics in the Primordial Gravitational Wave power spectrum
C.s Kiefer, M. Kraemer Int. J. Mod.Phys. D 21 (2012), 1241001
H. Noh, and J. Hwang Phys. Rev. D 59 (1999), 047501

Vasil Todorinov Quantum Gravity effects on Gravity Wave detection
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