
GW-experiment:
current situation at Jan.2006



Gravitational Waves (GW) 

Gravitational waves give fundamental informations on the 
Universe.  

The four fundamental interactions coupling constants are: 
Strong E.M.          Weak Gravitational
αs=1    e2=1/137    GFM2=10-5 GM2=10-39

Some consequences of G smallness:
1)In stellar collapses Neutrinos undergo ~103interactions 

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 (10-43s) . 

3) It is extremely difficult to detect them.



Linearization of Einstein equations
When gravity is “small” we may write gμν= ημν+ hμν , where hμν is 
infinitesimal; to first order in hμν Riemann tensor and Einstein’s 
equations become:

and τμν is Tμν expanded 
to first order in hμν .

Considering that                      , where ρ is the matter density, 

it follows                                                      R0 is the source distance 
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In the limit of weak gravity, GW amplitude is 
proportional  to the second time derivative of the mass 

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

Rate: 1~2/year 
in a 50Mpc 

sphere.

Explosions Rate:
Virgo Cluster  (h~10-23) 1~2/year
Galassia (h~10-20) 1/30 years

2) Supernovae Explosions               Symmetrical: h=0

3) Periodic Sources: 109 Galactic rotating Neutron Stars emitting in the Hz region 

h< 10-25Earth Doppler shift 
n is the SN direction
R the Earth radius
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4) Cosmological BKG: Perhaps the most important signal: can 
give informations on Big–Bang at times close to Planck’s time.
⇒Coincidence of two close detectors extremely sensitive.



THE GW RECEIVER

Where τ is the proper time

A particle moving freely under the action of a gravitational field 
has its xμ coordinate satisfying the geodesic equation:
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It is always possible to find a space-time trajectory in which Γμ
νλ=0 

at any time; along this trajectory a particle is freely falling.
Let’s consider two freely falling particles A and B, their separation 
ξα=(xA-xB)α satisfies the geodesic deviation equation:
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Where D2 is the second covariant derivative:



Gravitational Waves create tidal forces on the masses

Effect of 2 
Polarizations

GW
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GW Existance demonstration

Neutron Star System

PSR 1913+16

GW

Taylor and Hulse
(Nobel 1993)

M
M

GENERAL
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Orbital period decreasing changes periaster passage 
time in total agreement with GRT
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Experiment



RESONANT DETECTORS: 

TomorrowYesterday:   J.Weber



Spherical Detectors

Have the advantage of 
giving information on 
GW direction by
measuring the amplitude
of the 5 quadrupole
sphere modes. The first 
working prototype is
Minigrail in Leiden
(G. Frossati et al.)

MINIGRAIL



MINIGRAIL MINIGRAIL –– NEW RUN November 2004NEW RUN November 2004

New cryogenic run with 3 
capacitive transducers and 
SQUID read-out.

Ø 68 cm - 1.4 ton 3kHz

T=72mK



Bandwidth

Cryogenic Bar Detectors
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Resonant Bar Detectors:
Allegro, Auriga, Explorer and Nautilus





Laser 

LA

LB

INTERFEROMETRIC DETECTORS
Large L       High sensitivity

Very Large Bandwidth 10-10000 Hz

Mirrors
Beam Splitter

Signal
∆L =LA-LB

Displacement sensitivity can reach ~10-19-10-20 m, then, for 
measuring ∆L/L~10-22 LA and LB should be km long. 



LIGO
Hanford 4km+2km Livingstone 4km





Detector Network and the birth of GW Astronomy

Coerent Analysis: why?
1)S/N increase
2)Source direction 
determination from time 
of flight differences
3)GW speed from time of 
flight differences
4)GW Polarization 
measurement
5)GW Tensorial character 
Determination

Nautilus
Auriga
Explorer
Allegro



SA                                                 meter

11 m

Inertial
damping

Inverted 
pendulum
fo=40 mHz

Mechanical 
filters

Steering stage
(marionette)
test mass

A =10−14

@10Hz

detection

injection

PD

Nd:YAG

Power Recycling: F=150

Reference Cavity: 
 F=35000, L=0.3 m

input MC:
F=1000 L=144 m

FP:
F=50, L=3000 m

12

1
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∆L=0.8 m

output MC:
F=50, l=0.03 m

20 kW 1 kW

1.064 µm 20 W

alignment 
local controls

The test masses
are optical parts
of the ITF !!
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The Virgo Central Area
Power
Recycling

West input
Nord input

Beam Splitter

Signal Recycling



Superattenuator 
Mechanical Filters



coil

marionette

recoil mass

Mirror



NORTH terminal building



Detection Bench before being 
suspended to a Superattenuator



Interferometer Noises
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Virgo 28-3-2001
http://www.virgo.infn.it/
michele.punturo@pg.infn.it
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Sensitivity Comparison: Virgo-Bar-Tama-Geo600-Ligo

VIRGO

LIGO

GEO600

TAMA
AURIGA, NAUTILUS, 
ALLEGRO, EXPLORER



•

• Letter 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 Intents is 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 a discussion at European level. 



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 appears to be 
complementary making triple coincidences less probable.



GW-experiment: News

Fig. 1. Advanced Virgo sensitivity curve compared with Virgo 
and LIGO design and current bar sensitivity. Violin modes are 
not displayed for clarity



Future development plans

green - comm & oper. 2d-detector generation

white - upgrade periods



Explorer-Nautilus coincidences
in 1998 during activity

BH-candidate XTE J1550-564
and

Magnetar SGR 1900+14

I.Modena , G.Pizzella



Eхсess of coincidences in the Galactic Disc
Explorer-Nautilus, data 2001 year.  
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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



Exp.-Naut.

SGR1900+14

gaint flare

Aug. 27  1998



The Universe knowledge is lacking a lot: GW astronomy


