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GWs excite those vibrational modes of a resonant body
that have a mass quadrupole moment, such as
the fundamental longitudinal mode of a cylindrical antenna.

X(1) + T7X(t) + wix(t) = ! h(t)
2 Thermal noise
Sr=MkTw/Q

N\

Antenna
M

The displacement
of the secondary oscillator
modulates a dc electric field

Electronic noise
VI T=V22/k

[
HE =

v(t) o (1) + n(t)






Detectable signalstoday

BURSTS: Black Hole (M ~1OMo) formation, 10-4Mo into GW
—44
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SPINNING NEUTRON STARS: Non axisymmetric (e~10-6)
pulsar, M~1.4Mqo

a0 (7 ) T

COALESCING BINARIES: Inspiraling NS-NS system,
M~1.4Mqg
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STOCHASTIC BACKGROUND: 2 detectors, at distance
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ON times of detectors Jan 1997-May,21, 2002

IGEC 1997-2000
Yl IGEC 1997- 1998

i|||mn '

AURIGA

I|I‘I ALLEGRO
H Nl IIIIIHHIH\II

R o
0 [ 1 |

0 200 4l]|3| 600 BE}D 1000 1200 1400 1600 1800
[Days from Jan,1,1997 up to May,21,2002

8
T
B
= 9
4
3
2
1

200 d

221 d

852 d

766d

896 d




| . —
1000 = |

1 1 | EXPLORER
90 days of coincident ™ [tl |

_ 800 ]

Operat|0n 400 { |
]
A L.

II
'|||'||I:-|'|J.'.|'J.‘n'.h|"'|" . J "".l.JJ_.Hl‘u.

at unprecedented _—
L . g 0005001 0018 002 0,025 003 0038 6.04 0.0458 0.08
SenSItIVIty laff{kelyin)

non [

for the detection o |-

fon HALITILUS
of short bursts 0 |

o | IH‘

100 -[ LT

|
h < 4 X 10-19 8] |"1|||..H|l||l:':I'.'|u|'|..'r|'La.||._|.1.Hq.|um_..l...|J_,, ...... J
0 Q000 000 0015 0.02 0025 0.03 0.038 0,04 0,045 0,05

Fig. 2: The distributions of the hourly avarages of T, In kelvin unlts for EXPLORER and NAUTILUS, We aceept only the
fime periods with hourly u'lrtrux:i:ﬁ“ < limk,



Real data: the arrival of a cosmic ray shower on NAUTILUS
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Definition of event
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Distribution of the event energies



*Because of the inherent weakness of GW signals,

and the difficulty in distinguishing them from a myriad of

noise sources, the direct detection of a gw burst require
coincident detection by multiple detectors with uncorrelated noise.

n. << N;,N,

*Background: expected number of coincidences <n>,
during the observation time T

 N,NAt

m) -

This background can be measured: one shifts the time of occurrence
of the events of one of the two detectors for a number of times, and
takes the average




Time coincidence
+ energy filter (G. Pizzella)
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RESULTS

Sidereal time Solar time
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Fig. 7: Result with events in time periods > 1 Jamer of continuous operation. As in fig.5.
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RESULTS

“12 hours continuous operation”
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Poisson probabilities

s [ e [ e TP
2 7 1.69 0.18
4 8 3.45 2.5
6 10 5.01 3.2
8 13 6.2 1.1




“a posteriori” threshold
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After the energy filter Before the energy filter
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Fig. 7: Result with events in time periods > 1 Jamer of continuous operation. As in fig. 5.



Energy correlation (no energy filter)

» Events of the sidereal peak (hours 3-5) strongly correlated
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Fig. 8: Correlation between the event energies of NAUTILUS with those of EXPLORER far the eight coineidences occurred in

the sidereal hourinterval 3 to 5, in time periods > 1 Joner. The correlation coefficient is 0.96. No energy filter was applied.



The cross section of a bar detector depends on the
wave propagation direction and polarization
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G. Paturel, Yu.V. Barishev Astro-ph/0211604v1, A&A in press
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Indication:

 Hundreds events/year
* E;~100 mK; hyps ~2x1018; M,,,~0.004 M,

e From galactic disc



Question:

the amplitudes and rate of the ROG candidate events are compatible
with upper limits on GW strengths based on our knowledge of the
astrophysical structure of the Galaxy and on theoretical beliefs about the
physical laws governing gravitational radiation?

About 1 solar mass per year converted in GW

In 1019y, about 10%° solar masses ~ few % of the mass of the Galaxy



A/ MASS o SUN

CIRCUMFERENCE, in KILOMETERS



<Eg>~100 mK; <r>~10 kpc

Possible source:
inspiral and coalescence of double
compact objects

ES o M05/3r_2
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Is there an enormous number of compact objects
of solar mass size in the Galaxy ?



The abundance of compact objects in our Galaxy is largely unknown
because they emit little radiation unless they happen to be accreting
material from a companion star, or, for NS, if they happen to emit pulsar
radiation in our direction.

Gravitational microlensing surveys have the potential to detect
completely dark object, and for most microlensing events, the mass can
be estimated (crudely) based upon the observed Einstein ring diameter
crossing time.

A recent analysis of the microlensing events by the MACHO and MPS
Collaborations [Bennet et al. 2002] show that several of these events
may be explained as microlensing by BHs of mass > 1Mo and
suggests that a BH mass fraction as high as ~10% of the Milky Way’s
stellar mass might be possible.

These results appear to indicate that most stellar mass BHs do not
reside in X-ray binary systems where they are most easily observed.
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Conclusions

e The sensitivity of modern resonant-mass detectors is such
that the strongest plausible astrophysical sources could be
detected.

 The reported indications by the ROG group cross the
benchmark of “nihil obstat” upper limit on the strength of the
wave, being within the reported experimental upper limits
and do not overturning cherished beliefs about the structure
of the Galaxy or the physical laws governing gravitational
radiation.

* More data are needed for any further consideration.



