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Resonant Mass Gravitational Wave

Detectors

International Gravitational Events Collaboration

4K Al bar ALLEGRO LSU Hamilton/Johnson

2K Al bar EXPLORER Rome group  Coccia/Pizzella
4K Nb bar NIOBE UWA Blair/Tobar/Ivanov
100mK Al bar NAUTILUS Rome Group Coccia/Pizzella

100mK Al bar AURIGA INFN Legnaro Cerdonio

Spherical Detector Development

Rome Group Coccia
Leiden Frossati

Sao Paulo Aguiar



HISTORY OF RESONANT BAR
DETECTORS

1969 Weber announces coincidences. T, ~ 100K.

1970-71 Weber type detectors at Munich, Glasgow, Paris,
IBM#®, BTL, Moscow, Rome. T, ~ 10K.

1970 Cryogenic bar projects begin at LSU, Stanford,
Rome, Perth (1976).

1972 Improved Weber bars give null results.

1973-76 Understanding of the Quantum Limit.

1976 Bar project begins: Perth.

1980 First cryogenic bar operates: Stanford.

1980°’s Transducers, antenna patterns, isolators, filters.

~ 6mK.
1990°s Ultra cryogenic bars, Nautilus, Auriga.

1988-90 Coincidence experiments, T

1995 Massive spherical detectors proposed. Leiden,
Rome, Sao Paulo.

1997 Three antennas in operation.
1998 Deep cross correlation demonstrations: Nautilus -
Explorer.

1997-99 Multiple antenna coincidence analysis.
1998 Deep pulsar search, 47 Tuc.

1999 New low limits to burst signals.
2000°s Advanced transducer systems.

Prototype spheres. Massive (International?)
Spherical Antenna.



International Gravitational EVent Collaboration

03 Nov. 1999 Latest News
02:41:44 UTC
The Agreement »
Thakit ot sgnplt st CE The Rome group has posted data for the
About the IGEC Agreement June-December 1998 period, IGEC compliant
Motivations [Read more...]
Members PO
Information and Links status
Detectors' Status A new section has been added to the IGEC Web site, to
Present on/off status of each detector monitor and log each detector's operating status. Please
" . read inside this news for more details and how to
& § Password protected area d

515 hits since January 15, 1999 NIOBE

plying
the IGEC protocol, in particular START/STOP are shown.
[Read more...
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Parametric Transducers

Patch Antennas Re-entrant




re-entrant
cavity
transducer
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Bar antenna transducer readout systems. a) Bending flap; b)mushroom; ¢)diaphragm;
d) multi-mode transducer.
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Spectral Strain Sensitivity [1/VHz]

(Acoustic Nyquist Noise Component)
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my = 0.035 kg
Model Parameters B:3-Mode m;=42-103kg
mp =38 kg
T=15mK m3 = 0.035 kg
Qcual = 1.6:107
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VSx = 0 mHz m3 = 3.7 kg
my = 0.035 kg
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m3 = 38 kg
Dr. Michael Tobar myg = 1.2 kg
University of Western Australia

ms = 0.035 kg



Number of samples
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Strain per root Hz

905 910 915
frequency (Hz)

i i
895 900 920 925 930

Measured strain noise spectral density of ALLEGRO and the various noise
contributions which are predicted from the noise model of the detector.

— Measured total noise, — antenna brownian, — transducer brownian,
— transducer electrical loss, — SQUID white noise, — SQUID back action.
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Histograms of All Unvetoed Samples in DAY202 99
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unvetoed for 99.93% of 24.00 hours

Fitted Noise Temperatures :

Minus Mode = 36.6 mK -
Plus Mode = 17.0 mK -
Weighted Average = 11.6 mK ;
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Burst energy (K)
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Nautilus (Cosmic Kags
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FIG. 2. The weighted average energy over 46 (for M:-

versus time. A large signal appears at the cosmic ray arri



Antenna SNR
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[Nucl. Phys. B49, 104 (1996)]
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Plus mode data from day 228
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w-av. burst energy (mK)
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SQUID low frequency behavior ——— SHOW_LOWF
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Fraction of events
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Cross-correlation measurement of

g.w. stochastic background
(Astron. Astrophys. 1999 in press)

EXPLORER and NAUTILUS
tuned at f- = 907.2 Hz

tm = 12.57 hours of data (february 97)
At =0.1 Hz, between 907.15 and 907.25 Hz

Qew <6 - 10
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International Gravitational Event Collaboration
INTERNAL USE ONLY - NOT FOR CIRCULATION

SUMMARY of ALL EXCHANGED DATA

cmgffflm CANDIDATE | CANDIDATE
DETECTOR ™ EVENTS EVENTS
1.1997-98 [h NUMBER RATE [/d]
ALLEGRO 9079.82 42839 11323
AURIGA 3671.29 26817 17531
EXPLORER 3299.32 20711 150.66
NAUTILUS 2604.17 8764 80.77
NIOBE 4460.84 2600 13.99

COINCIDENCES: PRELIMINARY RESULTS

COMMON
FOUR OBSERVATION m
DETECTORS TIME o
v.1997-98 [h]
ALL-AUREXPNIO| 18150 0
ALLAUREXP-NAU| 19002 0
COMMON
THREE OBSERVATION m
DETECTORS TIME gy
y.1997-98 [h] -
ALL-AUR-EXP 829.92 0
ALL-AUR-NAU 40924 0
ALL-AUR-NIO 42424 0
ALL EXP-NAU 840,04 0
ALL-EXP-NIO 280.68 0
AUR-EXP-NAU 206.02 0
AUR-EXP-NIO 27630 0
TOTAL 2151.88 0
OOMEN Number o f Nurrber o f NUMBER OF i
TWO OBSERVATION COINC.
DETECTORS TIME S St | own fads | CECHEERE! s
v.1997-98 [h] first detector | second detector | Swithin+1s 15
ALL AUR 2437.89 11246 18000 0 46.13
ALL EXP 2415.96 11320 11887 2 3090
ALLNAU 237358 11364 7910 17 2104
ALL.NIO 65100 3013 403 1 1.04
AUR-EXP 1057.50 7254 5063 14 192
AUR-NAU 43991 3571 %) 4 416
AUR-NIO 887.91 6002 559 1 210
EXP-NAU 89931 4126 34 5 569
EXP-NIO 45341 3585 217 ] 095
TOTAL 6198.15 61481 47195 112 13123
IGEC http://axIn01.Inl.infn.it/igec Nl AURIGA, 11/05/99
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E 1997 Operatging Point 3
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[h(f)#Hz]

strain noise for ALLEGRO : present status vs. 3-mode system
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SCHEMATIC DRAWING OF GRAIL
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vibration isolation




Spectral Strain Sensitivity [1/VHz]
(With Sapphire Transducer)
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QSpph = 109
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SF = 3.65*10-30 N2/Hz s I i
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m3 =3.7 kg
Input Power = 22.5 uW my = 0.035 kg
D: 5-Mode =42-103k
E: Sphere Acoustic $; =1.3.103 kgg
Nyquist Noise m; = 38 kg
Dr. Michael Tobar g s
University of Western Australia ms = 0.035 kg
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