MASSIMO BASSAN
Universita “Tor Vergata” and |
and




CAPP2003 ...

BAR DETECTORS: WHY ?
Bar Detectors: how do they work ?

SENSITIVITY and BANDWIDTH: WHERE WE
STAND and where can we go ?

Some data from our detectors...

New detectors for the future:



Bars with respect to Interferometers :

* Technology :
different principles and instrumentation

« Complementary Frequency Band
HF signals allow to study unique features
of compact objects

e Symmetry properties
discriminating the signal quadrupole character

» Detectors presently in reliable operation
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NS and BH XRBs sometimes exhibit QPOs

2
3
:
]
s
]
;

Frequencies are high (kHz QPOs), so the

oscillations occur deep in the potential well

Relativistic effects are likely to be important
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From dr. Narayan’s talk
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EXPLORER 03
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V. Ferrari et al. (2002)
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Each data point in either plot is a
Iminute average of the data
filtered at ~200 Hz

Burst energy sensitivity:
I mK =85 neV
in a 2300 kg resonator !
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EXPLORER

Bar Al 5056 M =2270 kg
L=297m D=0.6m
v,i=915Hz @ T=25K

Cosmic ray veto (recently completed)
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NAUTILUS

e 935 Hz (recently tuned)
Al 5056 bar M = 2270 kg
L=292m D=0.6m

Cooled by a dilution fridge T=130 mK

Cosmic ray telescope veto
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GRAVITATIONAL WAVE DETECTORS

AL
h="0
L
Mechanical Electrical
GW vibration signal
—p»1 TRANSDUCER AMPLIFIER

Seismic noise
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small gap (10um) capacitive pick
up, d.c. biased with E ~ 107 V/m

Superconducting matching

transformer(Lp =2 H, Ls =2 uH)

High sensitivity d.c. SQUID (JJ

technology) ¢,... =2 puo, /NHz

min
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PRECISION MECHANICS:
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Quantum at work

Josephson
junction
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S, (f) = Spectrum of a g.w. excitation that would

appear equal to the noise in the antenna (SNR=L)
The peak sensitivity

i W e T Thermodynamic Ten
Do = z
Boie = (5g) [/vHZ] M Mass T depends on T/MQ

- G Capacitive transducer efficiency
AF = [ ] [Hz] Tn Electronic temperature noise

The bandwidth depends on the
transducer (3) and amplifier (T ) ®
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Search for relic background of g.w.
Search for periodic sources (and SN1987a remnant)

Search for burst:

Detection of cosmic rays 1n Nautilus
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Crosscorrelation of EXPLORER
and data

12 hours of data
Af =0.1 Hz
S,;,<1x1044 Hz?

C Hy () HS (F)df!
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Limits of Q,,, < 1 achievable cross-correlating data from a bar-bar couple or
from a bar-interferometer couple:

The cross-correlation of 4 months of NAUTILUS and AURIGA data, at the
sensitivity expected in the next run, would put the limitat @ ,,, = 0.1

Joint analyses with VIRGO, NAUTILUS and AURIGA may put limits at the
level Q,,<3-5 10~ (1y integration time, NAUTILUS upgraded and AURIGA
phase 2, and VIRGO at 1022 Hz"2 @900 Hz
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SEARCH FOR BURST SIG J\J\ S

The search for burst signals with a single detector is meaningless.
It 1s almost impossible to distinguish the candidate events from the
back-ground of noise. The “coincidence analysis” between the ¢
candidates of different detectors strongly decrease the fz
probability.

Number of
events

Coincidence
window

umber of Common
detectors observation
time
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IGEC

International Gravitational Event Collaboration

EXPLORER
: AURIGA
Ty
NAUTILUS

NIOBE

* Collaboration for data exchange between the five resonant detector
operating world wide
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The AIP Bulletin of Physics News

Subscribe to Physics

Mews Update

Archives
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1995 1995 1994 1993
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| Latest Physics Mews Graphics ;I ILatest Fhysics Mews Llpdate j

Number 514 {Story 1), 29 MNovember 2000 by Fhillip F. Schewe and
Ben Stein

MNew Upper Limit on Gravity Wave Events in Our Galaxy

The International Gravitational Event Collaboration (IGEC) is the first
ever netwark of cryogenic resonant-cylinder gravity wave detectors. |t
consists of five widely spaced detectars: one in the LIS (Baton
Fouge), two in ltaly (Legnaro and Frascatil, ane in Switzerland (at
CERM), and one in Australia (Ferth).

=earching far passing gravity waves i a delicate art since it involves
sensing defarmations much smaller than the size of an atomic
nucleus in huge detectors meters or kilometers in size. In the
resonant detector approach this means watching far longitudinal
vibrations in chilled automaobile-sized metal cylinders. In the
interferameter approach (used at LIGO; see, for example, Update
442 the defarmation is the change in the separation of distant
mirrors attached to test masses. Gravity waves strong enough to be
detected will most likely come from events such as the coalescence
of black holes or neutron stars, and these are rare. IGEC reports now
that in its first operational period it has observed no gravity waves.
From this they calculate an upper limit of the arder of one per year in
the rate at which such gravity wave events occur in our galaxy.

SEC 1 not only striving to have the sensitivity to record gravity
waves from events out to distances of 100 million light years but is
alzo hoping to be able to locate the source of the waves in the sky.
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universal day of 1998




All events in coincidence within £5 s with seismometer signals
were vetoed (-8%)

All events corresponding to hourly averaged T.> 10 mK and °
>7mK in the 10 minutes before the event were eliminat
Only events belonging to working periods with d
then 12 hours are considered

peration

whitin a time coincidence (ad
s0Imcident events

with event energies
=31 coincident events



Sidereal time
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 Events of the sidereal peak (hours 3-5) strongly correlated

* Probability for Gaussian distribution <10-3

%%// Corr coeff 0.9

nautilug event in kelvin
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Fig. 8: Correlation between the event energles o/ NAUTILUS with those of EXPLORER for the eight coincidences occurred in

111 111 11 1 111 | 111 | 111 | 111 | 111 | 111 | 111 | 111 | 111
0 2 4 & B 10 12 14 16 1§ 20 22 24
sidereal hour

the sidereal hourinterval 3 to 5, in time periods > 1 Jauer, The correlation coefficient is 0.96. No energy filter was applied.
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ALLEGRO put upper limits (4 1023 over 1 Hz band) on signals from the GC and
47Tucanae using one month of data

Limit for signals in the GC, using 95 days of EXPLORER data h_.=3x10-2* (Astone et
al. PRD 65, 022201, 2002)

Overall sky search over 2 days of data is now running: limit at the level of h_=3x10-23

(1 million points, by choosing spin-down parameter and position randomly) (Astone,
Borkowsky, Jaranowsky, Krolak, PRD, 65,042003, 2002)

Collaboration with VIRGO-Rome group. Application of the strategy for the pulsar search
to the EXPLORER and NAUTILUS data
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Evidence for a triaxial faint pulsar associated with
SN1987a has been found in data taken from 5 detectors in
the optical/near-infrared bands in the years 1992-1996

(Middleditch et al., New Astronomy, 5, 243, 2000).
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1000. ;- So, we chopped the bar of
Days from Stert of 1992 Nautilus to resonate @ 935 Hz
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IGEC, Phys. Rev. Lett. 85, 5046 (2000)
Class. Quant. Grav. 18, 43 (2001)
Class. Quant. Grav. 19, 5449 (2002)

Bursts

Phys. Rev. D 65, 022001(2002)
Phys. Rev. D, 65,042003 (2002)

Continuous signals

Stochastic Background Astron. Astrophys. 351, 811 (1999)

Search for correlation with GRB'’s
Astron. Astrophys. 138, 603 (1999)
Phys. Rev. D (in press); astro-ph/0206431

Gravitational near field
Eur. J. Phys. C 5, 651 (1998)

Effect of cosmic rays

Phys. Rev. Lett. 84 , 14 (2000)
Phys. Lett. B 499, 16 (2001),
Phys. Lett. B (2002).



We need to improve the peak spectral sensitivity

We also need to increase the bandwidth Af
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New, powerful Dilution
Refrigerators

MINIGRAIL was cooled
(Jan 2003) to 80 mK

Cooling below 30 mK
appears possible

T, probably limited by ¥ SSa
ortho-para H conversion. /4 A




Need a larger mass (larger cross section, or lower
thermal noise). This can be achieved with

Besides, the resonator mass can be better exploited by
monitoring all the modes that are sensitive to g.w.

use the 5 quadrupole modes of a sphere.



e 0 L Car T N L AT

8 B ot e 3 pasi el

CAPP 2003

- P gy 4 » .4 £ " v

S A S ot ST P Rt .CERN
{ = Z R R R T CRETR &5

www.minigrail.nl

Large cross section

G, oC My~

* Due to larger mass —> 17 x

» Total




We might eventually
have an array of small
spherical resonators !

TIGA, PRL 1993
Hollow sphere, PRD 1998
Dual sphere, PRL 2001
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MINIGRAIL
Leiden (Netherlands)

MARIO SHENBERG
Sao Paulo (Brasil)

SFERA
Frascati (Italy)

CuAl(6%) sphere
Dia= 65 cm
Frequency = 3 kHz
Mass =1 ton
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Conical nut

Copper rod
l =20 mm
L =48 cm

‘ Piezo-electric

crystal
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Dual Resonator concept: e — | 2B TV

£

Transfer Function (a.u.)

GWADW 2002 Workshop — Dual Resonant Mass Detectors
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We apply the same detection principle to a toroidal detector

2

4 symmetric External torus
transducer areas —

GW direction |

N\

Internal
torus or cylinder

* Wide area transducers (not affected by the
thermal noise produced by short-wavelength
normal modes)

» Natural implementation of mode-selective
detection

GWADW 2002 Workshop — Dual Resonant Mass Detectors




There 1s still ample room for improvements in sensitivity

LIGO preliminary data shows IFOs might take longer to operate than
expected : bars are still the only sentinels

A coincident detection by two totally different instruments will be a stronger
evidence

Cross correlation [FO-Bar for stoch. bkgnd will be crucial (D <A/2r)

New, upcoming multimode resonators will exploit the technology with a
sensitivity boost + omnidirectionality
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