
RRivelazione Acustica 
PParticelle

A bassa temperatura e in 
Superconduttori

• Modello termo-acustico ed esperimenti 
precedenti

• Raggi Cosmici con rilascio di energia 
anomalo nell’antenna Gravitazionale 
Nautilus 

• La  proposta al DA? NE Beam Test 
Facility







Cosmic ray in the bar:
Thermo Acoustical Conversion
Pioneer work : Beron Hofstander piezoelectric disk 

on electron beam  (Ph.Rev.Let. 23 184 (1969)

Sulak beam on water; of interest for neutrino 
astronomy (NIM 161 1979)

The model with the bar has been roughly checked 
in 3 experiments on a beam 

1)Grassi Strini Tagliaferri ( J. Appl Phys 51 1980)

2)Jona Oberski et al (Nikehf, Rev Sci Instr 2000) 
measured conversion factor    7.4 ±1.4(nm/J)                
theoretical                      10.0

3)Bressi Carugno Conti Onofrio : no signal 

Open question:  is the Grunesein "constant" really 
constant ? (C==>>0) in superconductor Al

Local heating due to the ionization? Transition 
superconductor Al to normal?



Thermo Acoustical Conversion:

The Nikhef experiment

• 0.76 GeV electron beam 0.01 Joules/burst





Evidenze della rottura  delle 
coppie di Cooper a causa di 

particelle ionizzanti

1) Switching di Granuli di Indio in stato 
metastabile a temperatura superiore a 
quella di transizione

(rivelatori studiati per la rivelazione dei 
neutrini solari)

2) Rivelatori a strip superconduttrici. La 
rottura delle coppie di Cooper produce una 
variazione della resistenza locale. Ciò può 
essere usato  per la rivelazione di un 
segnale elettrico. 

Rivelatori studiati a suo tempo per SSC

Nel caso dell’alluminio di Nautilus la 
rottura delle coppie di Cooper potrebbe 
eccitare il reticolo (gap dell’ordine di 1 
meV) ma a frequenze molto piu’ alte di 
quelle di risonanza (1 KhZ). 





With the current antenna performances we 
expect to have a few “events”/year 
surviving the analysis cuts



Nautilus the first successful 
detection of cosmic ray 

showers with a gravitational 
bar detector

Detection of the “normal”  (a few mKelvin) 
events 

˜  80% of the events







Then : the detection of 
several unexpected very 
large amplitude events

The largest : 58 Kelvin ˜  80 TeV 





Hadrons as measured in the 
Cascade experiment

Calculation 
(Corsika +Geant)

 Nautilus data

Integral Distribution as function of energy 
calculated with the themo-acustical model 



A Big Event  ( 9 Kelvin)
The time is in agreement with the expectations



Possibilities to explain data

1)  Something wrong in the calculations, but we are 
confident no mistake at a level of 2 order of 
magnitude

2) Something strange in the cosmic rays at the energy 
of interest (energies in the region of the knee of the 
cosmic ray)

3) Something strange in the Nautilus detector:

a)the cosmic rays could trigger a release of non 
elastic audiofrequency modes (creep..)

b) effects related to the superconductivity:
the normal assumption is that at the passage of a 
particle breaks the Cooper electrons and therefore 
in the thermo-acustical model is assumed normal 
Alluminium, but there are no experimental data 
for this model

or
the cosmic rays trigger some sort of metastable 
state due to the superconductivity (magnetic vortex 
...)



Possibilities to explain data 
(con’t)

c) charge effects if the bar has a residual 
charge. If mbare electron=0 divergence (?).

O’ Connel Phys Lett A 281 (2001)

Unlikely: Nautilus is grounded !



The 2000-2001 Nautilus data

• Nautilus was a bit more noisy than in 1998 
data

• search for coincidences using criteria similar 
to the 1998 data  (SNR>19.5, Tnoise<10 
mKelvin,Particle Density >300/m2 )

After August 2000 run at a temperature 
T>1.1 Kelvin (Non Superconductor 
Aluminum)

Coincidences Accidentals Days
Sep-Dec1998 18 2 83.4
Mar-Jul 2000 13 2.3 31.8

Total Superc Alluminium 31 4.3 115.2

Aug 2000 Aug 2001 6 3.4 65.7
(non Superc Alluminium)

˜  3 sigma effect



The Superconductivity is 
now the preferred origin 
of the anomalous events

•After August 2000 Nautilus is running at 1.1 
Kelvin
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RAP: Study of this effect in 
a controlled environment

• of interest to understand the limitations in the 
sensitivity of the gravitational bar detector (not 
a problem for the current sensitivity)

• may be useful for the future generations of 
interferometers

• of general interest to understand the effect of 
particles on a supercondutor material

• we plan to repeat the NIKHEF experiment 
at temperature < 1 Kelvin, using the Dafne 
Linac ( 800 MeV electron beam)  in Frascati 

Device:
• small cylindrical antenna with piezoelectric 
readout in a cryostat with a dilution 
refrigerator

sensitivity < 1 Kelvin (˜  TeV in the bar)



Criostato : 4 schermi di alluminio 1+5+5+6 mm

Sbarra alluminio 10 cm raggio 58 cm lunghezza

Simulazione
fascio criostato sbarra 

Calorimetro 
Kloe per 
controllo energia
(15 X0)



Simulazione effetto del 
criostato  sul fascio 



Distribuzioni in energia 
rilasciata (1000 elettroni)



Scintillatore sottile o 
camera proporzionale

Calorimetro a fibre 
scintillanti (Kloe)

Cilindro di alluminio

Schema acquisizione
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