GW-experiment:
current situation at Jan.2006




Gravitational Waves (GW)

Gravitational waves give fundamental infor mations on the

Univer se.
Thefour fundamental interactions coupling constants are;
Strong E.M. W eak Gravitational

a~1 e’=1/137 GM2=105 GM2=1039
Some conseguences of G smallness:

1)In stellar collapses Neutrinos undergo ~103inter actions
before leaving the collapsing star, GW<<1.

2)After Big-Bang, electromagnetic waves decouple from
hot matter after 13000 years, neutrinos after 1s, GW
only after Planck’s Time (10%s) .

3) It iIsextremely difficult to detect them.



Linearization of Einstein equations

When gravity is“small” wemay writeg,,=n,,+h, ,whereh is
infinitessmal; tofirst order in h,, Riemann tensor and Einstein’s
eguations become:
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Where |Ym =Pm - Edrmh'

and t, isT , expanded
tofirst order inh
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Considering that|t ,, = r C”| , wherep isthe matter density,

it follows |Y,, =- 'R v O X, X, dV = R,isthe sourcedistance

In the limit of weak gravity, GW amplitudeis
proportional tothe second timederivative of the mass
guadrupole moment.




GW SOURCES
1) Coalescing Binary Systems: NS and Black Holes

Rate: 1~2/year o
o .\‘} oo,

sphere.

T

2) Supernovae Explosions Symmetrical: h=0

Explosions Rate:
Virgo Cluster (h~1023) 1~2/year
Galassia (h~10%°) 1/30 years

¥
3) Periodic Sour ces; 10°Galacticrotating Neutron Stars emitting in the Hz region

Earth Doppler shift h< 10

: _ r , .
wt w(t-n.R/c) nistheSNdirection
é I:) é ( R/ ) R the Earth radius

4) Cosmological BKG: Perhaps the most important signal: can
give informations on Big—Bang at times close to Planck’s time.
P Coincidence of two close detector s extremely sensitive.




THE GW RECEIVER

A particle moving freely under the action of a gravitational field
has its x* coor dinate satisfying the geodesic equation:
d*x™ dx" dx'

52 =G’ H d Wheret isthe proper time

It isalways possibleto find a space-timetrajectory in which I'* =0
at any time; along thistrajectory a particleisfredy falling.
L et’s consider two freely falling particles A and B, their separation

EU=(X,-Xp)* satisfiesthe geodesic deviation equation: X .

dx® dx® _ X,
ngd@ dt dt /

Where D?isthe second covariant derivative:
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Gravitational Waves create tidal for ces on the masses

Forceincrease
with L until L<\

1 d?
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Effect of 2
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GW Existance demonstr ation

Neutron Star System

l‘ lSR 1913+16

GW

"

‘ I:&MEAS / |&GTR =1.0023 + .0047‘

Taylor and Hulse
(Nobel 1993)
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Orbital period decreasing changes periaster passage

timein total agreement with GRT




RESONANT DETECTORS:

Yesterday: JWeber Tomorrow



MINIGRAIL

Spherical Detectors

Have the advantage of
giving information on
GW direction by
measuring the amplitude

|  of the 5 quadrupole
V.. sphere modes. The first
&2 working prototypeis

. Minigrail in Leiden
(G. Frossati et al.)



IGRAI L - NEW RUN November 2004

/JU

M I

@ 68 cm - 1.4 ton 3kHz New cryogenic run with 3
capacitive  transducers and

T=72mK SQUID read-out.



Electronic
noise
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Cryogenic Bar Detectors
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Resonant Bar Detectors:
Allegro, Auriga, Explorer and Nautilus
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— Auriga 04/05/05
— Explorer 05/05/05
— Nautilus 05/05/05




INTERFEROMETRIC DETECTORS
L arge L ®®High sensitivity
Very Large Bandwidth 10-10000 Hz




LIGO

Hanford 4km+2km

Strain Sensitivity for the LLO 4km Interferometer Best Strain Sensitivities for the LIGO Interferometers
3 Janumry 2003 LIGO-AGOA00 | £-00-E Comprisons among 81, 52, 85 LIGOGHURI2.R
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Detector Network and the birth of GW Astronomy

Coerent Analysis: why?
1)S/N increase

2)Sour ce direction
determination from time
of flight differences

3)GW speed from time of
flight differences

A)GW Polarization
measur ement

5)GW Tensorial character
Determination

Nattitus T

Auriga

Explorer

Allegro

TAMA

AlIGO

o —




alignment
local controls

Inertidl The test masses
damping :
areoptical parts P snoo
<« |nverted of thel TF !!
| pendulum
L f=40mHz A

detection

Mechanica
filters

A — 10 14
@10Hz

output MC:
F=50, 1I=0.03 m

Steer| ng Stage input MC: leec ion
(marionette) F=1000 L=144 m =

— test mass

Reference Cavity:
F=35000, L=0.3 m

Nd:YAG
1.064 mrm 20 W

v12



Power

-1 Recycling
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Super attenuator
Mechanical Filters




Mirror

recoil mass










Seismic noise

v

| nter ferometer Noises
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http://www.virgo.infn.it/
mailto:michele.punturo@pg.infn.it
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" Istituto Nazionale
di Fisica Nucleare

L etter of intent

for the construction of

A second Gravitational Wave Interferometer

In Europe

The Italian laboratories of the Virgo Collaboration.
Firenze — Urbino, Frascati, Napoli, Perugia, Pisa, Roma 1
Preamble

This Letter of Intentsis a contribution to the “Roadmap” discussion set
up by INFN as a response to a European Union invitation. It is
expected that similar discussions shall take place in other countries.
This Letter of Intents is meant to be open to interested groups, either
now or in view of adiscussion at European level.
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LIGO Livingston

Fig. 2. The detection probability as function of the sky position
when averaged over Earth daily rotation. The LIGO Hanford and
Livingston show a good overlap while Virgo appearsto be
complementary making triple coincidences less probable.



GW-experiment: News

Sensitivity curve
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Fig. 1. Advanced Virgo sensitivity curve compared with Virgo

and LIGO design and current bar sensitivity. Violin modes are
not displayed for clarity



Future devel opment plan
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Explorer-Nautilus coincidences
In 1998 during activity

BH-candidate X TE J1550-564
and
Magnetar SGR 1900+14

|.Modena , G.Pizzella




Excess of coincidences in the Galactic Disc
Explorer-Nautilus, data 2001 year.
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Exp.- Naut.
Sept. 1998

n-colncidences

P- chance
probability
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Exp-Naut.

7-17 Sept.
1998

sderia time

hye {GMST)
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Aug. 28 - 27 Sept
1998.

Exp- Naut.
coincidence excess

XTE J1550-564
X-ray light curves
2-12 keV,

20-100 keV

averaged curve

1 day step
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Exp.-Naut.

SGR1900+14
gaint flare
Aug. 27 1998
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The Universe knowledge islacking a lot: GW astronomy

Visibla




