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The University of Rome in collaboration with the Consiglio Nazionale delle Ricerche 
(C.N.R.) has started a program aiming to the detection of gravitat ional  waves (1.4). 
The final goal is the construction of a 5 ton aluminium antenna cooled to less than 
10 -2 K and operated in coincidence with similar antennae located at Louisiana State 
University and Stanford University.  

In  Rome we have planned to reach the final goal by successive steps, consisting in 
the construction and operation of two low-temperature antennae of smaller mass: an 
intermediate 400 kg antenna  operated at 10 -8 K and a small test an tenna  of 20 kg 
also operated at low temperature.  

The test antenna has been already extensively used for designing the magnetic 
suspension (5) and for measuring the Q-value of the bar  at low temperature (8). 

(i) E.  2kMALDI and  G. PIZZELLA: The gravitational-wave experiment in Rome: progress report, Not~  
I n t e r n a ,  No. 654 (Novembre  1975), I s t i t u t o  d i  F i s i ca  de l l 'Un ive r s i tk ,  R o m a .  
(2) P. CARELLI, M. CERDONIO, U. GIOVANARDI, G. LUCANO and  I .  MODEN)L: Low-temperature gravita- 
tional-radiation antenna: a progress report, i n  Ondes et radiation gravitationslle (Par i s ,  1973). 
(3) G. PIZZELLA: Riv. Nuovo Cimento, $, 369 (1975). 
(4) G. PIZZELLX: Estimated sensitivity of the low-temperature gravitational-wave antenna in  Rome, i n  
Proceedings o/ the International School ob Gravitational HZaves, Erice, March 1975. 
(5) P.  CARELLt, Ao FOCO, U. GIOVANARDI a n d  I .  !V[ODENA: Magr~etic levitation o! a gravitational antenna 
at low temperature, i n  Cryogenics ( F e b r u a r y  1976), p. 77. 
(6) P.  CARELLI, A. FOCO, U. GIOVANARDI, I .  ~ODENA, D. BRA.MANTI a n d  G. PIZZELLA: A measurement 
down to liquid helium temperatures /or a gravitational.wave aluminium bar antenna, i n  Cryogenics 
( J u l y  1975), p. 406. 
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In  this paper we report on measurements made with the 20 kg antenna at 4.2 K 
for testing the behaviour of the piezoelectric ceramics at low temperature, their mounting 
on the bar, as well as the electronic chain and the data analysis algorithm. We have 
found that  the overall system operates very satisfactorily and that  the data recorded, 
although for a small number  of hours, allow us to give an upper limit for the gravita- 
t ional radiation at the not-yet-explored frequency v = 8580 Hz. 

A detailed description of the small antenna is given elsewere (7). Here we shall 
l imit ourselves to point out the main features of the experimental set-up and the most 
interesting results of the measurements performed so far. 

The antenna  is an aluminium cylinder 30 cm long, 20 kg heavy, suspended with a wire 
through its centre-of-mass cross-section and cooled at 4.2 K. The dewar is acoustically 
isolated from the laboratory by means of metalhc springs and layers of wood and rubber. 

The vibrations are detected by means of a piezoelectric ceramic, Gulton G-1408- 
Lead Zircouate Titanate,  which is located in a slot cut into the bar at the centre-of-mass 
cross-section. The slot has a width which, at room temperature,  is 0.06 mm wider than 
tha t  of the ceramic. By cooling to 4.2 K, the aluminium contracts more than the 
ceramic, the gap closes and a perfect coupling is obtained. 

We have measured the following parameters of the equivalent electronic circuit 
at  4.2 K:  

C1 = 0 . 4 9 2 p F ,  

C~ = 6 7 0  p F ,  

t g ~ = 0 . 0 0 8 4 ,  

vo = 8576.23 Hz,  

= 4 4 0 0 0 .  

The voltage signal given by the piezoelectric ceramic is amplified by the ampli- 
fication factor 

A ~ 3.89.10~ 

and sent to two-pha~ sensitive detectors (PSD), in quadrature, with integration time 
constant 

T o = 10ms 

corresponding to a frequency band width 

Av = 50 Hz.  

The two PSD's provide, as customary, the quantities x(t) and y(t). The amplifier has 
a voltage noise 

nV 
= 0 . 7  

(7) E. AMALDI et al.: The gravitational-wave experiment in Rome: Progress report, 15 September 1976, 
Nota In terna ,  No. 672 (O~tobre 1975), I s t i tu to  di Fisica dell 'Universitk,  Roma, presented at  the Experi- 
mental Gravitation, l~avia, September 17-20, 1976. 
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and a current noise 

fA 
I~ ~ 2 3 . 9 - - -  

and an input  capacity of 30 pF. 
The quantit ies x(t) and y(t)  are sampled at time intervals of l0 ms and recorded 

on magnetic tape in 8-bit words. From these two we can construct the stochastic variable 

r2(t) = x~(t) + y2(t) , 

which, in the absence of nonthermal  signals, has the distribution 

1 r r" l  

where the parameter a~ is the sum of three quantities 

~ = V~ + V ~ R~ + V . ,  

which have the following meaning: 

a) V~ = A2KT C1 
el 

is due to the brownian noise of the an tenna ;  

b) 2 I ~  C1 ~ Vo = A 2 I ~ C ~ Q  

is the resonan t  noise  due to the contr ibution of the current noise of the amplifier to the 
fundamental  normal mode of the antenna.. This noise cannot be distinguished from the 
Brownian noise V~ since it has the same spectral behaviom'. The only way to decrease 
its contribution is to have I N as small as possible; 

4 
c) V~ = A  ~ V~-+ ~ ' ~ A v  

is the wide-band noise due to the voltage and current noise of the amplifier integrated 
over the frequency band Av. 

The experimental frequency distribution for measurements taken during the period 
19.40 h to 23.54 h of the 22nd July 1976 is shown in fig, 1. From these data we derive 
the experimental value 

(1) a~(exp) = 0.371 V 2 

which must be compared to that  computed from the measured parameters of the 
equivalent circuit and from the voltage and current noise of the amplifier. 
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W e  o b t a i n  : 

(2)  

w h i c h  a d d  to  g ive  

(3) 

/ V~ = 0 . 0 9 6 V  2, 

V" = 0.212 V 2, RN 

v~e = 0 . 0 7 0  v ~ , 

a~(theor)  = 0.378 V 2 , 

wh ich  is in  v e r y  good a g r e e m e n t  w i t h  t h e  e x p e r i m e n t a ]  value .  
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Fig. 1. - Hystogram of the observed frequency distribution of the wtriable r 2 = x 2 + yL ao ~ = 0.371 V% 
a) exp [-- r2/(2q0m)]. 

W e  conc lude  t h a t  ou r  smal l  c r iogenic  a n t e n n a  is i n d e e d  o b s e r v i n g  t h e  ef fec t ive  
B r o w n i a n  noise  a t  4.2 K.  F u r t h e r m o r e  we no t e  f r o m  fig. 1 t h a t  no  e x t r a  pulses  a re  
p r e s e n t ,  a t  l eas t  w i t h i n  t h e  s t a t i s t i c a l  f luc tua t ions ,  w h i c h  m e a n s  t h a t  t h e  m e c h a n i c a l  
a n d  e lec t r i ca l  f i l ters  we h a v e  u sed  a re  suff icient  to  al low us  to  use  t h i s  t e s t  a n t e n n a  
also for  t h e  s ea rch  of g r a v i t a t i o n a l  waves ,  a l t h o u g h  i ts  s e n s i t i v i t y  is r a t h e r  poor  because  

of i t s  sma l l  mass .  
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The va lue  (2) of V~Rn is large since its effect is equ iva len t  to an increase of the  bar  
t e m p e r a t u r e  of about  7 K. Such a large va lue  der ives  f rom the  use in our  preampli f ier  
of the  F E T  use most  groups working  in this  field (i.e. F E T  c 413 N). 

I t  is possible, however ,  to use the  F E T  B F  817 which  has  a smal ler  cur ren t  noise, 
a l though ~ ,  is s l ight ly  larger .  Therefore  we can re ly  for the  near  fu ture  on the  possi- 
b i l i ty  to cons t ruc t  an amplif ier  which  will  produce  a resonan t  noise corresponding to an 
increase in t e m p e r a t u r e  not  la rger  t h a n  1 K. 

Only if a new F E T  wi th  lower cur ren t  noise will  be rea l ized  or  if  a different  k ind  of 
t r ansducer  (i.e. a S Q U I D  t ransducer )  is used i t  migh t  be conven ien t  to go to lower bar  
t empera tu res .  

E v e u  in the  p resen t  condi t ions  i t  is possible to improve  the  an tenna  sensibi l i ty by  
using, as cus tomary ,  an o p t i n m m  fil ter for the  signal. The  s imples t  f i l ter consists in 
t ak ing  the  var iab le  (7,s) 

e2(t, At) = [x(t  + A t ) -  x ( t ) R ~ ( A t ) ]  2 § [y(t + A t ) -  y ( t ) R ~ ( A t ) ]  2 , 

where  Rx:(At ) and R~y(At) are  the  normal ized  au tocor re la t ion  funct ions  for the  var iables  
x(t)  and y(t)  c o m p u t e d  at  the  t ime  difference At. At is chosen in such a w a y  to min imize  
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Fig. 2. - Normalize4 autocorrclation fuactions. 

the  s t andard  dev ia t ion  of the  s tochast ic  quant i t i es  

X = x( t  + A t ) - - x ( t ) R ~ ( A t ) ,  

Y = y( t  + A t ) - -  y ( t ) R ~ ( A t ) .  

(') J. L. LEVINE and R. L. GARWIN: Phys. Rev. Lett.,  31, 173 (1973). 
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The frequency distribution of o turns out to be 

1 
F(e ~ At) = =-= exp [-- o,2/2a 2] 

with aS(At) given approximatively (9) by 

.2(At) ( v ~ +  2 ,~t v~ V ~ . ) -  + - - .  
v o At  

The quant i ty  v o is the relaxation time of the antenna 

Q 
T O = 

2:UVo 

It  can be estimated by measuring the damping time, or the resonance frequency 
band width or the autocorrelation function. 

The measured autocorrelations R ~ ( A t ) =  Rv~(At) are shown in fig. 2. It  can be 
shown that  

R ~ ( A t ) = R ~ ( A t ) :  ( V ~ +  V ~ ) e x p  [--A~Tto] + V~exp [--A~ot ] . 

In  the figure the fast decrease for small values of At is due to the second term, i.e. to 
the electronic noise�9 From the behaviour at At >> T O one can determine v o. Further-  
more one can determine the ratio 

V~ + ~ + s" VRx Ve 

From fig. 2 we deduce for this ratio the value 0.77, while from our previously com- 
puted values of V~, V~s and V~ we find the theoretical value 0.81; the agreement is 
satisfactory�9 

The quant i ty  aS(At) is minimum for 

i TO At _~ Vo V~ + s 
VRI~* 

which, in our case, amounts to At ~ 0.12 s. 
In  fig. 3 we show the frequency distr ibution of the variable es. We note a good 

exponential  decay corresponding to a temperature of 2.1 K. All data points except 
perhaps the last three appear to be within the statistical fluctuations�9 

We consider now worthwhile to a t tempt  to give an upper limit to the flux of gravi- 
tat ional  waves at 8580 Hz, in spite of the low sensitivity due to the small mass, because 
this frequency has not yet been explored. 

(A) G. V�9 I~ and G. PIZZELLA" O~ the autocorretation and predr o/averaged sequences with 
application to gravitational data analysis, LPS 76-28 (October 1976). 
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This was done by computing, for each value of e2, the quant i ty  ~/~-(~2), which is the 
statistical deviation for the number of gravitational-wave pulses producing, in the 
antenna,  a displacement measured by e2. For pulses with energy flux per uni t  area I 
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Fig .  3 . -  H y s t o g r a m  of t he  obse rved  f r e que nc y  d i s t r ibu t ion  of t h e  w~riable Q2(t)= X~( l )+  Y~(g). 
a) exp [--  e,/(2a=(ht))], for Ag = 0.12 s, a~(ht) = 0.050 V 2, -* 2.1 K .  

and duration v much smaller than r o we have the following relationship between IT 
and e2 (7) : 

C3 ~4~~ ~2 
IT -- 32~tG A2v2cr 2 

with the following mealfing for the symbols: G = gravitational constant, C = velocity 
of light, v = velocity of sound in the aluminium bar, w o = 2nVo and ~ = (r189 1 

is the transducer coupling constant which relates the displacement in the bar to the 
ceramic output voltage. 
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Fig. 4. - Uppc r l im i t  for the  number  of possible gravitat ional  pulses observed at  v ~ 8580 Hz in 4 h 
14 rain. The two last  points correspond to 2 and 1 recorded pulses, a) exp[--At/2ve].  

T h e  q u a n t i t y  3 %/~r(~..,) v s .  I v  i s  p l o t t e d  in  fig.  4, a s  u n  u p p e r  l i m i t  w i t h  c o n f i d e n c e  

g r e a t e r  t h a n  9 9 %  fo r  t h e  n u m b e r  o f  g r a v i t a t i o n a l - w a v e  p u l s e s .  T h e  u n i t  fo r  I v  i s  

l G . P . U .  = 102 J / ( m  ~- Hz ) .  
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