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Plan

A Basic GW: GR

A Principle of detection: GW interferometers
A Astrophysical sources

A GW from compact binaries

A GW astronomy: first results and prospects
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Nobel Prize in physic8017




Very short history

A 1916,A. Einstein

A 19205 (Einstein9 RRAY Ji2y T X

A 1962 M.E Gertsenstein& V.l.Pustovoitc laser
Interferometers as GW detectors

A 1970, R&D(R. Weiss, Prever K. Thorne, \BraginskiX)
A End of the 1980s: start of LIGO project

A 2002-2010,initial LIGO operation

A 20102015,LIGO modernization

A September 142015 first detection of binary BH coalescence
(GW 150914)

A August 172017 first detection of binary NS coalescence
(GW 170817), start ohultmessengenstronomy
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Main results2015-2020

A 10reliably detected BH+BH with NI8-50 MW
from distance$00-1000Mpc

A Merging rate~12213Gpc3 yr

A Measured properties consistent with GR up to
a few %

A One reliable NS+N8Berging (GW170818@nd
observations of gammeay to radio afterglow
from relativistic jet andkilonova
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General Relativity
A A. Einstein 1915
A Gravitation=

curvature of space
time
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GW as & ripplen of spacetime
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Linearized gravity
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Gravitational waves

- ) C AN N P
(‘gj.l..l..f —_ dj_l&f! —I_ d 1 l.E i — ] v () pt&f

A Does not change linearized equaticarsi
harmonic (Lorentz) gaugm

A 4 arbitrary functionsv can be used to vanish

4 components to leavenly 2 independent
components (polarizations)
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-gauge (transversdraceless)
1)Vanish trace x,( ¥: =0 Y p =h

2)Make transversex ( x h=0: f;h




Transition to T¥gauge
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TTGW acting on two test masses
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Simple argument byR.Feynmann
(1957, Chapel Hill conferenqge

AGL oI & &dzNLIND
that a whole day of the
conference was spent on
this issue and that
WSELISNIaQ ¢S
CKFEOQa oKIF O F
when one Is considering
energy conservation
tensors, etc. instead of
guestioning, can waves
do workk €

O FUSNI CO t ANI, YA
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Energy flux in GW
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A Energy density (022
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dt 167
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CALA /dSZ <h;)r + D).

A GW carries energy and momentum that can
act on test masses
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GW sources

WGV hy iy~ 1021 Lhan
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GE creates tidal acceleration field in a fredfing
(local Lorentz) reference frame
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GW amplitudeh =relative
expansion/compression
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Tidal acceleration field

X Polarization

T,

T ¥
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sical GW sources
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Coalescing compact binaries
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Epur siexistaré

Line of Zero Orbital Decay A 1974, blnary puISaIPSR
- 1913+16(Hulse Taylor,
Nobel Prize 1993

General Relativity Prediction —
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Orb|tal pel’iOd decay directions of gravity waves
in agreement with GIR-0.1%)
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EM vs GW
I R A

Charge q m
Size R

Dipole radiation A~ AR
"

Quadrupoleradiation Dipolex (v/c)

Energy flux 2 152
F ~wa 9%

I,2

Power
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A Waveform from two coalescing poitike
masses Is determined by a combination of
component masses (the chirp mass)

A C blackboard
Mch — (n,;»M 2)1/5
h~ M 5/3.|: 2/3/r
ch

3 3/5

(m,m,)*5 ¢ ( 5
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_ _ - (2 —8/3p-11/3¢
(m;, + m,)/s G m f)
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Chlrp signal from a coalescmg binary
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Signal from binary rotating BHs is much more complicated

06.03.2020 ITEP School L4 26



