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Cryogenic Bar Detectors Sensitivity&Stability
AURIGA (INFN LNL)NAUTILUS (INFN LNF)

EXPLORER (INFN CERN)ALLEGRO (LSU)

IGEC-1 (1997-2000)

IGEC-2 (2005--)



Exсess of coincidences in the Galactic Disc
Explorer-Nautilus, data 2001 year.  
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Coherent Analysis: why?

-Sensitivity increase 

-Source direction 
determination from time of 
flight differences                       

-Polarizations measurement

-Test of GW Theory and 
GW Physical properties

Astrophysical targets

- Far   Universe expansion 
rate Measurement

-GW energy density in the    
Universe

-Knowledge of Universe at 
times close to Planck’s time

TAMA 300

Nautilus                        
Auriga                      

Explorer



Ligo interferometrs
Hanford 4km+2km







TAMA 300

AURIGA, 
NAUTILUS, 
EXPLORER

GEO600

LIGO

Virgo

GW DETECTORS SENSITIVITY



Frequency Range:      (50 – 1500) Hz
Blind All Sky Searching

Sources:  
- compact binary systems evolution   

(inspiral, merging, ring down)

- supernova collapse events       
- continuous GW radiation (Pulsars)

- stochastic GW background

- Triggered Search ( Astro-gravity associations)
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Coalescing Binaries
• Source: coalescence of compact 

binary stars (BNS, BBH, NS/BH) ‏
–Waveform accurately modeled in the first 

and last phase
• Allows matched filtering 

– Less known in the “merger” phase
• Interesting physics here, for instance for BNS

–Rate very uncertain
• A few events/year could be accessible to the LSC-Virgo network

chirp
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Bursts
• Classical sources: supernovae

– Waveform poorly known
– Several events/year in the Virgo cluster

• Possibly detectable only within our Galaxy
• Generally, whatever can cause short ( < 1s ) GW impulses 

– Include exotic things (strings) or classical things (NS, BH ringdowns)

GW emitted
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Pulsars
• Distorted NS, emitting “lines” of GW radiation

– Things greatly complicated by the Doppler effect
• Contrary to intuition, by the far the most computing intensive 

search
– Thousands of known potential sources in our Galaxy

• Most probably below detection threshold
– Many more yet unknown NS could generate a detectable signal
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Cosmological Stochastic Background
• Potential access to very early Universe

Relic gravitons
Relic neutrinos

CMBR



LIGO Scientific Runs    (2000 – 2007)

S1 – (08-09)  2000 y.  ( noise 100 times projected level)

S2 , S3  - during 2003 y  (bad seismic isolation)

S4 - (02-03)  2005 y  ( duty cycle 70%,  but selected  15,5        
days data !)

joint operation of 3 interferometers

S5 - (06. 2006  - 10.2007)    results are published partly



Non modeled  Bursts Search

outputs of two GW detectors:         vectors   a , b 

total energy : E =

normalized and integrated at the    it is reduced to variables:

Burst’s Excess Power: 

Burst’s Cross Power:
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Methods of data analysis



Sine-gaussian waveform



Wavelet transform





Cross-Power statistic:  Г~ mean “r” of 3 detectors   H1,H2 →R<0   rejected

(time shifted triggers)

H, L →Г < 12  rejected

Excess power  or  Wave Burst algorithm :  

Zg → geometrical mean of 3 detector excess powers

(time shifted triggers)

Zg > 6.7  !
Zg > 20 ,    Г< 12  

are artifacts























ellipticity

↑

If the spindown produced by GW

↑

,

Pulsars





Results  S4 , S5  ( preliminary)

Unmodeled bursts :    upper limit  → < 0.15 day -1 ,  h rss < 10-20 Hz – ½

Inspiral Bursts :             upper limit  → Event Rate:  R

1 event  per 20-300 years  for NS binary

for  dH ~ 60 Mpc 1 event per 20-2000 years  for binary ~ 5 M0

1 event per 3 – 30 years  for binary  ~ 10 M0

Pulsars :   f ~ 150 Hz  ,    h ~ 10-25 ,  ε < 10-5   

R = (Number of events/ year. galaxy) 

Stochastic background:     f ~(50 – 100) Hz,           Ω < 6.5 10^{-5}

result of S4



LIGO remarkable results

1. Limit on GW counterpart of GRB 070201

mono  Gamma burst 0.1 sec,  location ~ 700 kps (M31) (or ?)

no accompanied GW-signal at E <  10 ^{-4} mc2

2. Beating the spin-down limit on GW from Crab pulsar

after S5 observable GW from PRS JO534-2200 is evaluated

as h < 3.4 10^{-25} in 4 times less then the prior estimate -
“spin-down limit” – h < 1.4 10^{-24}

3. Experimental upper limit to a stochastic GW background

new limit  Ωgw ,< 7 10-6 is less the 
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Sensitivity to the Relic Background

squeezing was not considered



Grishchuk’s estimate of the relic graviton spectrum.



Grishchuk’s cosmological gravitons

very early Universe evolution: ])()[( 22 dxdxhdadS i
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Future development plans

green - comm & oper. 2d-detector generation

white - upgrade periods



•

• 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



• Thanks for attention !
but 

sorry for a taking your time





start 2005 - OGRAN project  as a collaboration:

INR RAS,  ILP SB RAS,  SAI MSU

“room temperature opto-acoustical GW detector”

installation in the deep BNO INR underground

Treaties with INFN Tor Vergata and LNGS

Program: 

Search for “rare 
events” in the 
Galaxy and close 
environment

~ 100 Kpc

h ~ 10^{-18}



Argumentation of the OGRAN sensitivity
and a perspective of improvement

• Main issues:

• Due to the optical readout with small back action 
noise it is possible to achieve the sensitivity level 
h~ 10-19 ÷10-20 Hz-1/2 without cooling the bar.

• With the bar cooled up to T=10 mK one can 
reach the sensitivity h~10-23 Hz-1/2 in the 
bandwidth Δf ~ 100 Hz 
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Principal scheme of the OGRAN setup



Composition of the OGRAN setup



OGRAN bar (2,3 T) at the anti seismic suspension 



OGRAN chamber general view  



Pilot setup 



General view of the pilot model



BNO RAS: underground chamber for OGRAN install



Noise spectral density:
1 - free laser noise;  2 – expected locked laser noise (theory)

3 – locked reference cavity noise;  4. locked detector cavity noise;

5. thermal noise;  6. optical shot noise

>0.01 →
Hz / Hz^1/2

←

10^{-14}
cm / Hz^{1/2}



Pilot model sensitivity  
reduced  to the large detector parameters (2.5 T, 2,3 m)

10^{-18} →



OGRAN underground Lab disposition

(mark 1400 m along the tunnel)








