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RN Scientific Motivations e

The NAUTILUS Gravitational Wave Antenna has recently
recorded signals due fo the passage of cosmic rays.
Large signals at higher rate than expected has been observed
in the superconductive state of the antenna.

Thermo-acoustic model

Q
CR crossing the antenna loss energy

0
>
(48]

P Warming up of the material

m—l local thermal expansion

— mechanical vibrations

Carlo Ligi SIF 2003 - Parma, 20 settembre 2003



RN Scientific Motivations e

Thermo-acoustic model

The energy deposited by a particle is
converted in a local increase of temperature

E
" 83T =38E/pCyV
SP=y3E/V
y =BV /x1Cy isthe Grineisen parameter
5 5 5 The Thermo-acoustic Model
E n XV (dE/dx) F . predicts very small signal for
present resonant gravitational
thermal and mechanical \ wave detector sensitivity.
Geometric factor It has been proven effective at

room temperature by previous
experiments (Rev. Sci. Instrum. 71
(2000) 1345-1354 and previous papers)

energy loss
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RN NAUTILUS Results G
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In order to understand:

E, o y? (dE/dx)’ F

* enhancement of ¥ Grineisen factor
in super-conducting state

* enhancement of energy conversion (dE/dx)
in super-conducting state

» exotic component of cosmic rays in (dE/dx)
(nuclearites, monopoles)

gl

GEANT simulation
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YN GrUneisen Parameter N

y =BV /%:Cy

Mechanical and thermal properties of the detector
are contfained in the Grineisen parameter, commonly
assumed almost constant with the temperature.

The extrapolated value at zero Kelvin from
measurements done down to 4 K, gives: y =1.6

B cannot be directly measured at temperatures below T..
Recent evaluation based on critical magnetic field H_(P,T)
measurements and specific heat gives a different value of
the GrUneisen parameter in the super-conducting state. In
particular af T =Te:

7~ -10

Carlo Ligi SIF 2003 - Parma, 20 settembre 2003



)

EUNE DADNE Beam Test Facility

e /et
Naverage = 1 — 1019 particles

Energy: 20 — 800 MeV
Repetition rate: 50 Hz —

Pulse Duration: 1 =10 ns #
1% energy selection —o .

100 m? Experimental Hall

H

FINUDA \
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FUNE - Experimental Setup s
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KADEL Liquid Helium
Cryostat + Dilution

Refrigerator
Working Temp: 100 mK

Suspension:

1 OFCH copper tube with

7 OFCH copper masses
Attenuation: -200db @ BKHz

Antenna: Al 5056 bar
50x18 cm, 35 Kg
Res. Freq: 5096 Hz @ 300 K

Read-out: 2 piezo-electric
ceramics + JFET amplifier
1nVHzY2@ 5 KHz
bandwidth 25 KHz
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LN-JFET-AMP
1 nNVHz 2@ 5KHz
bandwidth 25 KHz

oar —’I_’

)

Data Acquisition N
Ao~ 0
.
STANFORD 01/44 N LINUX VME
SR560 amplifier C5,794 5,5C controller
4NV Hz 172 2 e K&p VMIC 7740
100 KHz \ v
. synthesizer n s
0.3 Mb/s

;

fo fsms77 fom |Em
o jom Jom |=Es

Carlo Ligi

LabView™ run
| controller & monitor beam trigger

auxiliary channels —
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Carlo Ligi

Expected Signal
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RN From 300 K to 100 mK N

Phase 1: installation a

suspension, electroe”’ ?,
0\4

\ of full apparata at room femperature,
, mechanical structure ready,

first measureme Temperofure
\/ 9.4 107 electrons @ 510 MeV
Energy released in the bar=1.8 103 J
Expected vibration in the 1L mode = 4.99 1013 m
Reconstructed signal Aatie of Amplitudes (Beam enBeam off) @ 18t langitudinal mode
l:”:” L, L [ T ) L L ! 35
o R ............. .............. .............
acos | : o — o e, — _f
_ o] S ............. .............. .............
= o o i : ! i ! -
.
- o com— S
A O0E = ! : .
5 L
BT Y UMY ORI DATET a AR, ... .
(=H) e =H ) 100 110 000 SO0 H400 S50 A0
 §:9)] f{Hz)

Carlo Ligi SIF 2003 - Parma, 20 settembre 2003



/NP

Carlo Ligi

From 300 K to 100 mK SN

Phase 2:

e cCryogenic fest
e Jow temperature measurementin
normal-conducting state (4.2 K)
(end 2003)

Phase 3:

e dilution refrigerator installation
e measurement in super-conducting state
(2004)
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PN RAP on the WEB o
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