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Since 1992 NAUTILUS is equipped
with cosmic ray detectors

Streamer Tube:

® 3 layers (6x6 m?) above the cryostat (at
3.95 m from the antenna axis) and 4
layers (6x2.75 m?) at ground level

® basic unit: 8 PVC-rectangular cells with
cross section 3X3 cm? and coated with
graphite

® Cu-Be 100pm diameter anode

® tubes operated at AV=5550 V (single
streamer charge of 60 pC)

® Gas mixture:40%Ar+60 Isobuthane

Nucl.Instrum.Meth.A355:624-631,71995




Fluxes of Cosmic Rays
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Energy spectrum of primary c.r. Most of the Cosmlc rays, det'e'Cted
impinging the top of the earth én the grawtatlenal resonant bars
atmosphere . /comes from the “knee reglon”




Extensive Air Shower

From the top of atmosphere down to sea level

Top of the Atmosphere
primary cosmic ray

(essentially p)

nuclear interaction with air
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Past EXPERIMENTS

Results

Radial (40 kHz) and compressional
(158 kHz) modes of mechanical
vibration induced by a pulse of 1.0 BeV

Baron and Hofstander:

“Electron beam on piezoeletric *
Phys.Rev.Lett. 23 184 (1969)




Results: Past EXPERIMENTS o

for protons (30 MeV):
a satisfactory accord between
theory and experiment.

for electrons (500 eV):
somewhat less satisfactory but
the results confirm qualitatively
the reliability of the model

Grassi Strini Tagliaferri:
“30 GeV protons on a cylindrical bar made of
Avional 22"

(J.Appl.Phy. 51 1980)




All these experiments done
at room temperature !!

RAP : 0.1 +~ 294 K



Detection of first c.r. signals in coincidence with
Nautilus

Expected energy vs particle density
(for Nautilus detector):

A = number of particle in the bar

Average Energy over 46

stretches (M> 15-103 ) of

NAUTILUS déEita Versus
time ==
(zero @ time [rrivirg of

cosmic showe|s)

« =
Eq1) H(ZA)=kA T EAS/day

Expected EAS ) = 1.32 + 0.038InA
rate at sea level Lk — 354104

N—

Eq.(2) E=7.64 -1079W?2f

Vibrational energy . ;
— W (GeV)=particle density
@ nehilelwzRselels dissipated in the bar




Unfiltered Signal
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Hadronic component and 1.A.M

%‘g& Nautﬂus data
T
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Calculation *
(Corsika +Geant)
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_— B Comparison between
Hadrons + T.A.M unable to explain calculations and measurements
the extremely energetic C.R.
observed




Why T.A.M. doesn’t work with 2000 data®?

NAUTILUS
DATA 6001

Data collected
again in

agreement with
TM.A.

Data vs thermodynamic temperature

Feb-Jul 2000 = 308 stretches Why 2000
Mar-Sep 2001 => 968 stretches SO Specia|?

particle densi’[y>300/m2




(@ Something strange in the cosmic rays composition at the

energy of interest (exotic nuclei, monopoles, etc).

(@ Creep phenomena: impulsive release of accumulated

internal tension

(® Unexpected response of a massive superconductor to the

passage of particles:

Coefficient of Thermal expansion o (pure Al)
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In superconductive state:

Enhancement of
Griineisen factor ?
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Enhancement of energy

conversion (dE/dx)?

Specific Heat at constant volui®e (pure Al)
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Figura 1.3 - Alluminio puro nello stato

superconduttore; contributo elettronico ad

a

Figura 1.2 - AllymMlo*puro nello stato
normale; contribl elettronico e reticolare
ad a
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normale (7<4#K); c,Mpfajc
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Figura 3.3 - Alluminio puro nello stato
superconduttore (7</.1 K); c, totale




The thermo-acoustic model

Pocal Heating

Energy lost along the trajectory

ionizati iE
for ionization p—

pCv

Cocitati f Local impulse of
ccitation o oression

natural modes dE
| dp = 'y‘—/

A.De Rujula & B.Lautrup Nucl.Phys.B242 (1984)
Allega A. &Cabibbo N. Lett.Nuovo Cim (1983)

Volumetric Expansion Coefficient
olnV
7= (%)
p

The Bulk Modulus (the inverse of
compressibility)




To Measure the 1st longitudinal vibrations of a cylindrical test mass when impinged
by electron beam (DA®NE BTF) to investigate if higher efficiency mechanism for the
particle energy loss conversion takes place in superconductive state

AN

GEANT simulation

Rap suspension stages 7 a tamb
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maximum oscillation amplitude

O*u(x,t) 2 0%u(x,t)
otz 2

(®Assumption of thin cylinder: monodimensional elastic

By W

system
(®Beam spot in the middle of the cylinder
@Al the energy is transformed into thermal energy

(® The energy of the beam spreads out uniformly on the whole

cross section of the bar

(® The beam pulse length short in comparison with the period

of the harmonic of highest order examined

(® Equation of motion without damping

Brg = Bo(l + 6)

B € To take into account the
corrections estimated by
Monte Carlo methods due
to O [(R/L)?]+finite spread of
beam

) 1A/ Total energy released by the
particles into the bar
( Monte Carlo simulation +
Beam charge measurement)

Linear thermal expansion
coefficient
6 =3«
for aluminum and Niobium

-

1 on the contrary for g.w the
)X — oscillation amplitude of the
bar is proportional to 1/AM




Monte Carlo simulation: secondary particles for 510 MeV
primary electrons impinging on the bar

J 3 pre
] AVERAGE ENERGY
Simulation takes into account : LOSS PER ELECTRON

(®real geometry and material of the < AFE > ToAR =

cryostat and the bar

Al5056:

@realistic parametrization of the

BTF beam: spot size and : 192.5 £ 70.6MeV

divergence
Niobium:

456.5 =0 MeV
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Material

T=300 K

T=77K T=4.4 K

Al5056

1.32e+7
V/m

1.48e+7
V/m

1.32e+7
V/m

1.81e+6
V/m

1.73e+6
V/m

1.49e+6
V/m

9 . : -
Equivalent electrical circuit

and calibration scheme
RT1 -L1-C1
(dissipation,mass, elasticity)
E Vo
n VgAt’]TfO

e

C1 [02 SR CL}

C2: Pz24 capacity

Vim

B, = ="
G-\

Vm: maximum value of the
piezoelectric output signal
after excitation

G: Amplifier Gain

A: the electro-mechanical
coupling constant




The DA®NE Beam Test Facility

Linac

FINUDA
DEAR

to Main rings




flliGré8ccnte
monitor

At intensity above 3-10°

particle flux delivered in BTF

can be measured ]

by a Beam Charge Monitor iks] ¢l 1T F 4=

BTF experimental (Bergoz) positioned just beTag BESE IN el 1 s IR

the last bending magnet

hall 100 m?




The main component of the detector are:

® Mechanical structure needed to host and suspend the
cryostat

® The cryogenic and vacuum system
® The suspension system
® The cylindrical test mass

® The read-out and DAQ




Test Mass
Material
L
0]
M

f1L

/ Al 5056 bar

50 cm
18 cm
3501 kg

5096 Hz @ 300 K

KADEL Liquid Helium
Cryostat
+
Dilution Refrigerator

Working Temp: 100 mK

Suspension

7 OFHC copper masses
1 OFHC copper tube
Attenuation: —200db@ 5KHz




Data Analysis In details

Reconstructed signal

Ratio of Amplitudes (Beam onBeam offf & 151 longitudinal mode

9.4 ~1010 electrons @
MeV

Energy released in the

bar=1.7 107 J

Amplitude of 1L mode

41310 P m

110 L
T







) - ) Date Temperature
first longitudinal harmonics [HZ]

28/05/2004 300 K

5/06/2004 77 K

J0)oe4 Ajjlenp

9/6/2004 8 K
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Al5056 Measurement Results

1st longitudinal mode amplitude / released energy

® RAPAI5056 |
- m - Nikhef 1998

100

Temperature (K)
A systematic error of 7% (quadrature
beam monitor (3%) + calibration (6%)
‘ kaccuracies) affects the measurements
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Due to the delay of dilution refrigeration
delivery, we decided to use a material with
transition temperature, from normal to
superconductive greater than 9 K:

For Niobium = T.=29K
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B(th) vs B(meas) at 275 K ‘
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B(th) vs B(meas) at 225 K ‘
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Preliminary Results at 81 K, 12 K

B(th) vs B(meas) at 81 K

Again, good

y = 0.992x + 2E-13

agreement between
expected and
measured values.

B(th) vs B(meas) [11.79-12.75 k]

y = 1.0249x + 4E-13




Preliminary Results at 4 K

y = 1.707x + 2E-13




Transition Curve
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e Measured values disagree with the expectations (T.A.M) if parameters of the normal state
are used for calculations. They fairly agree taking into account the s.c parameters. It
seems that superconductivity isn’t broken locally

First time that the transition region is measured with this method

IMPORTANT: In the case of Aluminum, calculation gives Bo(SC)>Bo(NC) (an order of
magnitude) at T < T¢) according to available data of Hc vs T,p




Results
AlI5056:

® The T.A.M expectations confirmed for Al5056 in all
the investigated temperature range (from 294 to
4K).

®© Better agreement than previous experiments with

T.A.M (@room temperature)

® First measurement performed on BULK of AI5056
below 270 K, that could be of interest in several
other fields other than that of gravitational wave
detectors




Results
Nb:
® The T.A.M expectations have been preliminarly confirmed above the
transition (from > 9 to 294 K).

® Below the transition: data analysis to be finalized. A deep interpretation
to be performed

This kind of measurements could be useful for
g.w detectors that foresee to operate in
superconductive state !!




Future Plans
@ Work In
/A Progress:Nb

superconductive
Al5056

# Other Materials
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