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Outline
AGravitational waves as a testing ground for new physics

AGW from binary systems:

1 Inspiralphase: test of modified gravity; quantum spdioee

I Merger/ringdownphase: test of quantum horizons; exotic compact objects; dark
energy;superradianceand light dark matter

AGW and Higgs physics
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GW150914X

The LIGO detectors observed a binary black hole merger, with masses of
36“_LZM@ and QQiiMQ. Observed frequencies ranging from 35 to 250 Hz

and speeds of up to ~ 0.5c.
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GW150914X

Ry = 2G(36M) =~ 106 km P=3Mgy/0.1s =2 10°“ L5
(# of stars in the Universe ~%D
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GW150914X

GW detected in LIGO detectors via a subtle-t2&) change in distance
between their mirrors.
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Masses in the Stellar Graveyard

iNn Solar Masses

Known Neutron Stars
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LIGO-Virgo Neutron Stars

Credit; LIGO/VIRGO Collaboration




The Gravitational Wave Spectrum

Quantum fluctuations in early universe
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Gravitational wave basics




GW basics: Radiation frasampactobjects

Gravitational waves Electromagnetic waves
A Monopole- M A Monopole- Q
g ~ M/, M/r? E~Q/r? Qfr
(Gauge invariance.=A NJ fhéoem)Q & (Gauge invariance)
A Dipole- P =" M;s; A Dipole- P = ZQz‘Si
g~ P/r, P/r®, Pr? E~ P/i*, B/i?, BJr

b Sgi2ya@Wa o
A Quadrupole I =) M;s; ®s;

g~ I/r5, T/t T3, T2, T r
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[Phys. Rev. Lett. 116 (2016) 061102]

Alnsriral ¢ analytical (3.5PN)
AMerger¢ numerical calculation (mainly GR)
ARingdowrt analytical (quasiormal modes)
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Inspiralphaseq perturbative calculations
L. BlanchetarXiv:1310.1528

r oo

far zone (PM) >

PNexpansiort, (v/cy" PMexpansiorg G
o0 1 50
af __ T pap
h _;C”hn haﬁ _ ZGnth
o0 ’I’L:]_
(8 1 (8
0= Ohe? = AP
n=-—2

VZh,,O;B — 167TG7’,,?£34 + 63113‘?2 Dhgﬁ — Agﬁ [hla T 7hn—1]

Guadeloupe 229 June 2018 A Kobakhidze (U. Sydney) 12



Inspiralphaseq perturbativecalculations

ABHSs are considered as point masses:

v (H)of (1) 6°(x —yi(t)) + 1 ¢ 2

(Requires regularization)

AParameterization M = mq + mo
_mama
M
s mi1mo
V= -— =

M M?
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Inspiralphasecg perturbativecalculations

AEoMand Energy
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ConStra”TtS frOm GW1509 14 YunesK.YagiF. Pretorius, PRD 94 (2016) 0840
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