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A new era has begun
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Consider a system with characteristic mass # |
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and si1ze L. Al

S = —WLJ'CZS

GN M ds = \/ g, dx"dx"
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free particle 1n special relativity
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| Consider a system with characteristic mass #/ |
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' and s1ze L.
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' Consider a system with characteristic mass #/

and size L.
The parameter @ is very useful in defining the’

validity of the Newtonian approximation.

Tt is not fundamental in characterizing a
gravitational hield in Einstein’s theory.
Indeed, the Einstein hield equation are written ||
in terms of the Ricai scalar and the Rica
tensor all of which measure the curvature of

the field and not its potential.
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and si1ze L.
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| Consider a system with characteristic mass #/ |
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| Consider a system with characteristic mass #/ |
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| Consider a system with characteristic mass #/ |
' and size L. v \/GNM
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| Consider a system with characteristic mass #/ |
' and size L. v \/GNM
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' and size L. v \/GNM
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| Consider a system with characteristic mass # |
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' Consider a system with characteristic mass #/
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2| From: N. Yunes, K. Yagi and F. Pretorius, a

1017 Phys. Rev. D 94, no. 8, 084002 (2016)
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Plunge & merger:
The compact

| objects are very

close to each other
and velocities
approach the speed
of light. The two

objects coalesce.
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‘ i{ingdown: The

g

highly distorted

“ remnant formed

after merger
oscillates, radiating
away any
deformations and

lrelaxes to a

stationary state.
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From: I. Bartos, P. Brady and S. Marka,
Class. Quant. Grav. 30, 123001 (2013)
[arXiv:1212.2289]

ELE A
“\
-
-
-
-~

NS ST iz

.Mas>—7

| / vl gecretion 54 kH

ins ira/ _— MNS,max < Mbinar\y j lo \\\ - Z
p Mbinary <3 M@ - k \\\
/ o ber-mass h Y

. ) O/'[‘.//' BH

' merger 2 hypermassive NS Ll .

NS

ringdown
1-3kHz 2 —4 kHz

Z
o3 A

< 1kHz 5—-6kHz 6.5—7 kHz

!




* PART I: Motwations

From: I. Bartos, P. Brady and S. Marka,
Class. Quant. Grav. 30, 123001 (2013)
[arXiv:1212.2289]
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What we can learn

-

from grav tatmnal waves !
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Black hole as “particle detector”

GW as a probe for new light and weakly-coupled
(dark) particles

The condensate 1s dissipated through the
emission of GWs (with frequency set by

: the scalar field mass) .
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Black hole s partlcle detector
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'Gravitational wave “echoes”

. GW as a probe for deformation of the black hole event horizon
compared to GR predictions




Gravitational wave “echoes”

. GW as a probe for deformation of the black hole event horizon
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'Gravitational wave “echoes”

. GW as a probe for deformation of the black hole event horizon
compared to GR predictions
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'Gravitational wave “echoes”

. GW as a probe for deformation of the black hole event horizon
compared to GR predictions
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'Neutron star EoS

The details of the
NS internal

structure (and 3.0] —\ﬁ\ﬁ\j\\\\\ Ve
hence 1its EoS)
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Scattering amplitude

' Challenge: two-body problem in General Relativity

Post-newtonian expansion: expansion 1n v/c
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What we can learn
from grav1tat10na1 Waves7

. Grav1ty 1S the Weakest

force i1n Nature.”
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(Radiation requires some

~

' @cceleratlon of the source y

Monopole

. Dipole

| Quadrupole

— — e

Expansion in multiple of the
radiation field at far distance

Gravitational radiation

x Forbidden by

CODSGI’V&tiOD Of Imass

A dipole depends on the

displacement of the center of mass

from some fixed point. The velocity
of the center of mass 1s simply given

by the total momentum divided by

the total mass.

Electromagnetic radiation | |

x Forbidden by

conservation of charge

(N.B.: unless the charge-
to-mass ratio 1s the same

for all the particles)
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Radial forces acting on the infinitesimal element
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2" equation of stellar structure
(hydrostatic equilibrium)
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|

/Consider a spacg

that consists of a

long, thin tube.
Viewed from far
distance, the tube
looks like a one- ||

@mensional linej
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/Under high \

magnification, the

cylindrical shape

Each point on the
line 1s revealed to
be a one-

dimensional circle

Qf the tube. /

becomes apparent.| |
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\ - PART III: Theory
éur world has six extra dimension)

every point of our familiar space
hides an associated tiny six-
dimensional space. The physics that
1s observed depends on the size and

Qe structure of the manifold. J
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How vast is the Landscape?

Energy scale




STRING
THEORY




STRING Outline the boundary of the Landscape
THEORY using a set of “universal prediction of

string theory” (a.k.a. swampland

conjectures) that must be respected by

low-energy EFTs

Energy scale
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Weak Gravity Conjecture

|

There must exist at least one state
with charge ge larger than i1ts mass
m n Planck units
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Weak Gravity Conjecture

|

There must exist at least one state
with charge ge larger than its mass
m n Planck units

>m
e ——
q M,

“Gravity 1s the weakest
|torce in Nature.”
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A new era has begun
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