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((@);% Einstein’s Theory of Gravitation

' 0
Saetl el tells-matter how to move; matter | | |
tells'sgacetime how to curve” A4
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Light deflection
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Posizione vera della stella

Eddington
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LIGHTS ALL ASKEW
IN THE HEAVENS

Men of Science More or Less
Agog Over Results of Eclipse
Observations.

EINSTEIN THEORY TRIUMPHS

Stars Not Where They Seemed
or Were Calculated to be,
but Nobody Need Worry.

A BOOK FOR 12 WISE MEN

No More in All the World Could
Comprehend It, Sald Einsteln When
His Daring Publishers Accepted It.



Harvard

Redshift
Pound and Rebka
1959
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BLACK HOLE




KINETIC Energy POTENTIAL Energy

2GM .
Vv, = [—— scape velocity
"V R

The escape velocity is equal to the speed of light
if matter in squeezed into a sphere of radius

_2GM

s 2
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Schwarzschild radius

R=R










Time traveling




Spaghettification!
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To Black Hole







Life Cycle of a Star

Planetary Nebula
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Neutron Star
Stelar Nebula . . I \
Massive Star 3\

Supernova Black Hole




Gravitational Waves




Possible Waveform from:
Formation of a1 O—MOBK-).: k Hole
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SUPERNOVAE.
If the collapse core is non-symmetrical,

the event can give off considerable
radiation in a millisecond timescale.

SPINNING NEUTRON STARS.
Pulsars are rapidly spinning neutron
stars. If they have an irregular shape,
they give off a signal at constant
frequency (prec./Dpl.)

COALESCING BINARIES.

Two compact objects (NS or BH)
spiraling together from a binary orbit
give a chirp signal, whose shape
identifies the masses and the distance

STOCHASTIC BACKGROUND.
Random background, relic of the early
universe and depending on unknown
particle physics. It will look like noise
in any one detector, but two detectors
will be correlated.

Information
Inner detailed dynamics of supernova
See NS and BH being formed

Nuclear physics at high density

Information
Neutron star locations near the Earth

Neutron star Physics
Pulsar evolution

Information

Masses of the objects

BH identification

Distance to the system

Hubble constant

Test of strong-field general relativity

Information

Confirmation of Big Bang, and inflation
Unique probe to the Planck epoch
Existence of cosmic strings



((@)% Astrophysical sources of

gravitational waves

Compact

o Supernovae
Binaries
Cosmic Spinning neutron

stars

" Gravitational-wave
: Background

NASA/WMAP Science Team
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Explorer
CERN
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Roma 1988



Some perspective: 50 years of attempts at detection:

S T Since the pioneering work of Joseph
{ L Weber in the ‘60, the search for
S Gravitational Waves has never
stopped, with an increasing effort of
manpower and ingenuity:

360’: Joe Weber -
pioneering work = ~ el
90’: Cryogenic Bars

1997: GWIC was formed 2000’ - : Large Interferometers
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Hanford :
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((@)},;;g Virgo Collaboration

- 5 European countries, 19 labs, ~250 members

- Scientists from Italy and France (former founders of Virgo), The
Netherlands, Poland and Hungary

APC Paris

ARTEMIS Nice

EGO Cascina

INFN Firenze-Urbino
- INFN Genova

o e i 2T INFN Napoli

e

INFN Perugia

INFN Pisa

INFN Roma La Sapienza
INFN Roma Tor Vergata
INFN Trento-Padova
LAL Orsay — ESPCI Paris
LAPP Annecy

LKB Paris

LMA Lyon

NIKHEF Amsterdam
POLGRAW(Poland)
RADBOUD Uni. Nijmegen
RMKI Budapest




((@)% GW150914: the signal

Top row left — Hanford

 Top row right — Livingston
. . Hanford, Washington (H1) Livingston, Louisiana (L1)
* Time difference ~ 6.9 ms r - - \ , , :

September 14th, 2015 at 09:50:45 UTC

with Livingston first 4| (l q k | | P
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((@))% GW150914: Estimated Strain Amplitude

irgo
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Inspiral Merger Ring-
« Numerical relativity models i
of black hole horizons f (. 0 .
during coalescence J J
« Effective black hole s
separation in units of - : ”
Schwarzschild radius :3 0,3 i
(R=2GM,,,/c?=210km); =i p \l\'“‘—
and effective relative £-0.5 | -
veIouhgs given by post- 1.0 F—omercarestviy -
Newtonian parameter v/c = = Reconstructed (template) | .
(GM,_ztf -\ /c3)1/3 ] : >
tot" V' GW 30,6- I I I '-45
Binary Black Hole System 2 0.5 = Black hole separation -3 _5
« M1=236+5/-4 M, 8 0.4 || == Black hole relative velocity -2 ‘é
.« M2=29+-4M,, e 18
- Final Mass = 62 +/- 4 M__, =03 L o @
. distance=410 +160/-180 MPc 0= 035 D4l 0-42
(redshift z = 0.09) Time (s)
















((@)i:;: Source Parameters for GW150914 £

Use numerical simulations fits of black hole merger to determine parameters, we
determine total energy radiated in gravitational waves is 3.0+0.5 M, c?. The
system reached a peak ~3.6 x10°6 erg, and the spin of the final black hole < 0.7

Primary black hole mass 36*_‘3 Mg
Secondary black hole mass 2973 Mg
Final black hole mass 6213 Mg
Final black hole spin ().Gng:gg
Luminosity distance 4105150 Mpe
Source redshift, = 0.0979-03
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E. Coccia - New Results on GW Search



From LISA to eLISA

relotive orbits
_ jof spacecroft

eLISA

Savings mainly in weight, launch cost.

Two active arms, not three;

Smaller arms (1Gm, not 5Gm);

Re-use LISA Pathfinder hardware; 2030
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Il vero viaggio di scoperta non consiste nel vedere

nuovi paesaggi ma nell’avere nuovi occhi
.

Marcel Proust




