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Gravitational Waves

m 1916 - Einstein proved mathematically, from his
theory of General Relativity, that gravitational
waves should exist.

m These gravitational waves, caused by the
accelerated mouvements of masses, would be
distortions of the spacetime which would be
travelling in the Universe with the speed of light.
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Gravitational Waves (GWs):
do they really exist?

m Half century of theoretical debate (1916-1965);

m A direct detection hasn’t been confirmed yet
after four decades (1965-2009) of observational
search.

m A good evidence (an indirect observation):
PSR 1913+16 (Taylor & Hulse 1974)

(Sistem of two neutron stars with periods of
7h45min, 1n which one of them 1s a Pulsar)




First verification of GWs
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Why have they not
been detected yet ?

Because they are hard
to be detected .

Why are they so hard
to be detected ?




Gravitational Waves

m Two polarizations (“+” and “x”) according to
General Relativity

m Wave frequencies: 101* Hz to 10'Y Hz
® Very tiny amplitudes: h = AL/L. < 10-P

m Energies associated to AL ~ 10" m amplitudes:
for the Schenberg detector =2 ~ 6 x 10728 Joules

or 290 gravitons !

This is 10~ times the energy of a photon of light !
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Gravitational Wave Detectors
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Quadrupole modes of the
Mario Schenberg detector’s sphere
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287 kg is the effective
mass for each sphere’s
quadrupole mode;
( 5x 287 kg = 1435 kg

> 1150 kg = M

sphere )

287 kg, 53 g and 10 mg
amplitude gain ~ 5300

J

f,~10 GHz
df/dx ~1 GHz / micron

or
non-resonant
with df/dx ~ 5 THz /| micron
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From the output of six 6 transducers
tuned to the quadrupole modes

S
LP(Ga (I)a (D) =2 ai ((D) \Pi (99 (I))

|
spherical harmonics

guv — nuv + huv v hXX + hyy + hzz =0

< compgnents




Test of
General Relativity
and other
Theories of
Gravitation

« Polarizations

« Speed

- Quantization




Mario SCHENBERG
The Gravitational Wave Detector
(Brazil)

started commissioning operation
in the 8th of September, 2006.

Itinvolves a
collaboration
between

INPE

ITA

IFSP
UNICAMP
UNIFESP

USP, among others,
and it has been
\ supported by

R FAPESP
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Strain Sensitivities for the LIGO Livingston 4km Interferometer, E7 to S1
18 May 2001 - 13 August 2002 LIGO-G020451-00-E
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h[f], 1/Sqrt[Hz]

Best Strain Sensitivities for the LIGO Interferometers
Comparisons among S1 - S5 Runs  LIGO-GO60009-02-7
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Virgo collaboration

Virgo Commissioning Runs Sensitivities
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Sensitivity of Resonant Detectors
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credit: Kostas Kokkotas
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GW sources for Interferometric and
Acoustic Detectors

Supernovae, BH/NS
formation

Black Holes : M/R=0.5

Neutron Stars : M/R~0.2
White Dwarfs : M/R~104

Spinning neutron stars
in X-ray binaries

Youna Neutron Stars

credit: Kostas Kokkotas



Slowdown of radio pulsars
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Upper limits on GW emission from triaxial NS can be used to
decide which pulsars to target

credit: Kostas Kokkotas



(contribute to a noisy background)
v Big Bang,

v'early expansion of the Universe,
v'cosmic strings,

v'unresolved sources...

credit: Kostas Kokkotas
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* The emerging picture...

Ringdown
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credit: Kostas Kokkotas



- http://lisa.jpl.nasa.gov/

Space

Interferometers; http://WWW.esa.int/esaSC/l20376_index__0;m.html |

LISA, ALIA
and BBO




http://lisa.jpl.nasa.gov/
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Superstring(?) | GUT Inflation Electro-weak | Particle |Recombination| Galaxy and Star
Era Era Era Era Ere Formation




by Robert R. Caldwell
and Marc Kamionkowski

Scientific American
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and Marc Kamionkowski

B COSMIC TIMELI by Robert R. Caldwell
1€ epoc :'.i|":. i 21T

Scientific American

COSMIC MICROWAVE -
BACKGROUND RADIATION

500,000 §
YEARS

INFLATIONARY
GRAVITATIONAL WAVES
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by Robert R. Caldwell

and Marc Kamionkowski Scientific American
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M RELIC IN THE RADIATION ARy
Inflationary gravit-aﬂt;nél-ﬁé-\;égﬁuL_J-ld--Iiave.ie.ﬁ a distinctive imprint on the CMB, The dia-
gram here depicts the simulated temperature variations and polarization patterns that
would result from the distortions shown in the bottom illustration on page 39. The red and
blue spots represent colder and hotterregions of the CMB, and the small line segments in-
dicate the orientation angle of the polarization in each region of the sky.



ru - Gabriele Veneziano, 2004
DUAS vISﬂ ES BU PH!NCI PiD : Scientific American Brasil
Em nosso Universo em expansan, as galdxias se afastam rapldamente umas das outras, a uma velocidade proporcional & disténcla entre elas: duas
galéxias separadas por uma distancla de 500 milhdes de anos-luz se afastam a uma velocidade duas vezes malor do que duas galdxias separadas por
uma distancia de 250 milhdes de anos-luz. Por isso, todas as galdxlas que vemos devem ter se oniginad em um mesme ponto & a0 Mesmo tempo —a
Big Bang. A conclusao é vlida mesma quando a expansia cdsmica passou por perfodos de aceleracdo e desaceleragin; em diagramas de espago-

tempo [abaixo), as galdxias seguem trajetdrias sinuosas que as levam para dentro e para fora da regido observével do espago [téngulo amarelo]. No
entanto, a situagac torna-se incerta o instante exato em que as trajetdrias das galdxias [ou suas predecessoras] comecaram a divergir,

- - - Atualmente = =g — -

-4

o

' Limite do
= Universo

Sl obhservavel

Y

Na cosmologia do Big Bang convencional, que se basela na teoria da relatividade - Nos modelos mals sofisticados, que incluem efeitos quinticos, qualsquer
geral de Einstein, a distancia entre quaisquer duas galdxias era zero hd um duas galdxias devern ter surgide a uma certa disténcia minima uma da
tempe finite. 0 terpo perde skgnificado antes desse instante. outra, Esses modelos abrem a possibilidade de um Unlverso pré-Big Bang,




Gabriele Veneziano, 2004
Scientific American Brasil

EFEITO DE FUNDO

Observar o Universo pré-Big Bang pode parecer uma tarefa sem futuro, mas uma forma de
radiagdo poderia sobreviver desde aquela época: a radiago gravitacional. Essas variagoes
periddicas na campo gravitacional poderiam ser detectadas indiretamente, por seu efeito na
polarizagao do fundo césmico de microondas (vista simulada, abaixo), ou diretamente, em
observatdrios terrestres. Os cenarios pré-Big Bang e ecpir6tico prevéem mais ondas |
gravitacionais de alta freqiiéncia e menos de baixa

freqliéncia do que os modelos convencionais de

inflagdo (abaixo). Medidas existentes de

varios fendmenos astrondmicos nao

conseguem fazer a distingao entre esses

modelos, mas futuras observagoes do satélite

Planck, assim como dos observatérios LIGO e

VIRGO, devem ser capazes disso.

Sensibilidade do LIGO/
VIRGO avangados

égicas)

Modelo

\ : pré Big Bang

 —

Sensibilidade do
- satélite Planck

ética de ondas gravitacionais

(unidades cosmol

Densidade energ

10® 10710 1075 1 10° 1010

Freqiiéncia das ondas gravitacionais (hertz)




Exotic events, anticipated from theory, which
may be confirmed when gravitational wave
astronomy becomes a reality:

- Binaries formed by primordial black holes
(MACHOS?),

-Cosmic strings,

- Cosmic bubbles,

- Boson stars,

- Quark stars (strange stars) (test of QCD),
- Phenomena not yet known or anticipated,
and surprises.




If nature has more dimensions than the four

of spacetime, gravity will have “transit” in
these extra dimensions, and special effects on
the intensity, propagation and polarization of
gravitational waves may occur different from

the ones anticipated by the General Relativity.
The study of these effects on the gravitational
waves would be, therefore, a tool for the
investigation of extra dimensions 1n the
Universe and to formulate an auto consistent
theory of quantum gravity.




Universal GW Radio Broadcast
(100 MHz FM)

Carrier produced by a rotating 10 solar mass
black hole and modulated by a controlled
accretion flow.




. CONCLUSIONS

/j T /
i o

Y Gravitational Wave Astronomy

e
It will open a new window to observe the Universe, which
will probably revolutionize the knowledge we have of it.



CONCLUSIONS

The sources of gravitational waves can be:
- galactic,

- extragalactic,

- cosmological,

- from previous universes.

The spectrum goes from 10-'8 Hz to 10'° Hz.

If extra-dimentions exist, gravitational wave have transit in them.
The probability of new revolutionary discoveries 1s very high.
Because spherical antennas are able to determine the origin of the

signal in the sky and its polarizations, they will probably play an
important rule on these new discoveries.




Thank you !




