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What we found established when we entered in 
the GW business in 1982 and afterword?
1) Indirect Evidence of GW existence by Taylor 
and Hulse started in 1973

• PSR1913+16: 2 Pulsar system, 7 kpc from Earth

2

Orbital Period decrease 
changes Periaster time



2) Bar Detectors: JosephWeber was the first one 
to apply GR formalism for building GW-
detector interaction:
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Caltec 40 m 

In 1985 Interferometers  did not have any  low 
frequency operation

Max Planck 30 m 

3) Two Interferometric Detectors
Caltec 40 m Fabry-Perot
Max Planck- Garching 30 m Delay line



Even the more advanced Bar Detectors were

missing low frequency

100 Hz
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OUR TARGET WAS THEN THE CONSTRUCTION 
OF A VERY LARGE INTERFEROMETRIC 

DETECTOR SENSITIVE DOWN TO 10 Hz. Why?

2) Coalescing 
Binaries 
Detection
NS-NS  NS-BH

BH-BH

1000 Hz

10 Hz 900 Hz

1) Large Bandwidth makes larger detection 
probability



3) PERIODIC SOURCES : Pulsar

1980 Original
Trasparency 

Galactic Neutron 
stars emit

GW >10Hz



But Going down to 10
Hz means that we had to
suppress seismic noise in
the mirror suspensions
by at least 15 orders of
magnitude.

Dick Manchester 
Pulsar data taken 
at Marrabra (AU) 
Radiotelescope

SEISMIC NOISE



1984 First Attempt
Ron Drever (Caltec) and Jim Hough (Glasgow) were 
attempting to create active inertial references. We 
started an experiment called IRAS (Interferometer for 
Seismic Noise Active Reduction)



With such a lowattenuation the only chance was
to put many IRASin cascade, thing Impossible.
But this experiment was very important because
showed thata different method for killing
Seismic noise had to be found.

Pub.1985



Our basic idea

M

n=7



Toward a Solution
In 1985 we discovered that high seismic
isolation requires a cascade of filters isolating,
each, in the 6 DOFof the rigid body.

X

Z

Y

X,Y isolation Z isolation

100 kg- 60 cm diam.



1987 Second Attempt and Steel Creep Problem
For Vertical attenuation Steel spring have Creep.i.e: 
Sliding of molecular structure. Creep produces Noise. 
Since Gas Spring are not affected by Creep, we created 
a gas spring mechanical filter attenuating in the 6 DOF 
of the rigid body and we built two chains of 7 filters 
under vacuum for measuring attenuation.

AIR



Pub. 1988



THIS FIRST SUCCESS 
JOINED UP WITH THE 

PARTICIPATION OF ALAIN 
BRILLET , TOP CNRS 
OPTICS EXPERT, TO 

VIRGO.
IN 1987 FRANCE AND 

ITALY  JOINED TOGETHER 
FOR THE BIRTH OF VIRGO



The Discovery of NO CREEP Steel

After long studies of different  kinds of Steel  
(R. De Salvo), we pointed toward cannon steel. 
Cannons mouth dilate but after explosion 
recover primitive diameter. This is

MARAGING STEEL

This discovery brought us toward the good 
solution



4) High momentum of inertia 
according to the three rotation axis
5) Extremely low vertical 
frequency,  down to 100 mHz, by 
using magnetic antispring

Gas Springs were too 
unstable under 
temperature variations.  
For this reason we 
created a mechanical 
filter satisfying the 
following requirements:
1)Mechanical restoring 
force in place of gas
2) No Creep with     
MARAGING STEEL 
3) Almost insensitive to 
temperature variations

Third Attempt: The use of MARAGING STEEL
About 1992



N       S

S       N150 mm

50Kg

K=3000 N/m
1,5 Hz

With Magnetic   
Antispring  
K=30 N/m 
0,15 Hz

How to make vertical springs softer?        
TUNABLE MAGNETIC ANTISPRING



Vert. n=6 ,   Hor. n=8 

PASSIVE 
SUPERAT-
TENUATORS 
are today 
ADOPTED 
by KAGRA
(3Km)
and 
EINSTEIN 
TELESCOPE 
(10 Km)            
(in design)

~10 m



MARAGING 
STEEL



Superattenuatore: Filtro 7-Marionetta-Specchio



Inertial 
Damping

Inverted 
Pendulum
νRES=40 mHz

Mechanical 
Filters

Marionette
Mirror

INVERTED PENDULUM (40 mHz)

Overall height 10 m

The idea was to inject Control 

Signals in 3 points:

1) Low frequency on top

2) Medium frequencies to 

Marionetta

3) High Frequencies to Mirrors

A Further Unknown : THE CONTROL OF 
VIRGO



1994 With SA we can make suspensions 
Hierarchical + Inertial Controls

Accelerometers for 
Inertial control





Superattenuator: La Piattforma Inerziale

Accelerometri
3H, 2V

Bobine di
Helmolz

H

V

1994, the low frequency problem, at least as far 
as seismic noise is concerned, was solved.



CONSEQUENTLY IN 1994, FRANCE AND ITALY 
APPROVED VIRGO CONSTRUCTION 





ROBUSTNESS
• Excellent robustness (and very good duty cycles) 

obtained by 1st generation detectors

• Not just sensitive instruments, but reliable ones!

28

Science time: 85.85%

Locked time:  92.42%

Nov 2007 – Jun 2009 

VIRGO VSR2



LIGO

4 km

LIGO

4 km & 2 km

VIRGO

3 km

KAGRA

3 KmGEO

600m

•Sky location
•Detection confidence
•Source polarization
•Duty cycle
•Waveform extraction

LIGO INDIA
4km

NETWORK OF INTERFEROMETERS



NETWORK

LIGO, 
Virgo, GEO 
exchanging
data since 
2007.
MoU being 
renewed. 



OBSERVATIONAL RESULTS

O(100) PAPERS ON ASTROPHYSICS/COSMOLOGY/ ASTROPARTICLE PHYSICS

The Astrophysical Journal. 736:93 2011 August 20
BEATING THE SPIN-DOWN LIMIT ON GRAVITATIONAL WAVE 
EMISSION FROM THE VELA PULSAR
THE UPPER LIMIT SET ON THE PULSAR EMISSION ALLOWS TO LIMIT THE 
ELLIPTICITY TO O(10-8): WE ARE MEASURING THE STAR RADIUS 
ASYMMETRY  WITH AN ACCURACY OF ~0.7 mm

But No Detection Of Gravitational Waves



LIGO

VIRGO

Sensitivity of LIGO-Virgo Runs 2005-2009



GW151226

GW150914


