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California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
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. Motivated by Dyson's suggestion, Wiggins and Press3

. announcement by Sadeh, Ben-Menahem, and ,Mei_da_,v%

-waves from the pulsar CP1133.

“displacement of 10
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SEARCH FOR SEISMIC SIGNALS FROM GRAVITATIONAL RADIATION
OF PULSAR CP1133

Theo:etical estimates of the seismic response of the earth to
gravitational radiation near 1 Hz have been made by Weber (1968)1 and
Dyson (1969).2 Their estimates indicate__th,at.the surface displacement
of the earth should be about 1077 crn in response to a source of gravi-
tational waves wit'h. eriergy flux equal to that of a star of bolometric
magnitude zero. Since microseisms at aﬁ optimally quiet seismic
station Will,produ_ce ground motions of 10-8 cm or more (for a 10 Hz
bandwidth) th_é noise is nine orders of magnitude greater.than the ex- .
pected signal. Nonetheless Dyson suggested that a search for such-
signals would be worthwhile since the estimates involved several

assumptions that could be wrong by several orders of magnitude.

analyzed 20.5

" hours of data from a large seismic array in Montana, U.S.A. They

searched for signals from four nearby pulsars and concluded that if
such signals exist the earth's response must be less than 10-9 cm in
amplitude. '

A great deal of excitement has been ggherated recently by the
regardin‘g_ the’
possible detection of a seismic response of the earth to gr#vitational
Using an autocorrelation analysis of
about five months of seismic data, they conclude that they have observed
sigﬁals emanating from a position in the sky that agrees with the kﬁown
position of CP1133.

-10 cm. They also performed a signal-average at

‘They estimate the signal to correspond to a ground
the known pulsar period of 1.18791 seconds; they interpret the appear-
ance in a 2048 period signal-average curve of peaks at half the pulsar

period to be a verification that the signal they observe is synchronous
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with the pulsar to four decimal places.
We report here on an .analysis of seismic signals from a seismo-
meter located near Jamestown, California. Motivated by the work of |

Sadeh ét al., we have limited our initial effort to a search for CP1133.

We used a 14 kg Bénioff vertical seismometer Geotech model 4681)

» located in a tunnel in the foothill; of the Sierra Nevada mountains. The

signai was amplifie& af the site with a>photo-tube amplifier (10 Hz
bandpass), f_requéncy modulated, and sent over: telephone lines to our .
analysis s@ation in Berkéley, California. There the signal was de-
modulated, amplified, and filtered, reducing the bandwidth to approxi-
mately 5 Hz. Figure 1 shows the relative gain of the entire system as
a func,tiqn va frequenqy. The seismomefer calibration was checked
several times each day with a magnetically induced impulse to the
inertial section; no cﬁange in calibration was observed during the running
period.

Thrqughout our analysis we have used signai-averaging to searchfor
Signal-gvéraging isa

signals at the apparent frequency of the pulsar.

sensitive technique for extracting fromnoise a signal of arbitrary shape

) bqt_known-perio'd. The averaging was done witha 1024 <'_:hanrie1 _m‘ulti_'-

scaler (Hewiet_t—Packara 540:1A modified). Its sweepwastriggeredby
afrequency synthesizer (Hewlett-Packard _5103A) set at half the pulsar
frequéncy_.‘ Tﬁe multi-scaler adds the records of consecutive sweeps:
signals at the pulsar frequency apd ité harmonics add coherently while
signals at other frequencies add incoherently. Thus the signal-to-noise
ratioinc r_eaﬁes in proportiontothe square root of the number of sweeps.
Because <;f the quadrupole nature of gravitational radiation,the period ob-

served should be halfthat seenin the electromagnetic spectrum, i.e., about

0.59 seconds. Each sweep of the multi-scaler was 2 seconds in duration.
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(At the end of a sweep there was a dead-time of approxima.tely 0.38

seconds before the next trigger pulse arrived.) One would expect the

pulsar signal to repeat itself about 3.4 times within one sweep. The pulsar

frequency used was calculated fromthe intrinsic pulsar frequency by

correcting for the Doppler shift due to the motion of the seismic station

relative to the center of mass of the solar system.? The average earth

noise was méasured befére, during, and after signal-averaging runs,
ﬁsing a pulse Height analyzer. The earth noise was approxirhatély
Gaussian with a half-width at half-maximum that varied frorn.

3%10°8 cm/N Hz during the déy to about 1 X140~ cm/N Hz at nvight.
and on weekends. In order to reduce fluctuations due to earthquakes,
the signal into the multi-scaler was limited at about three times the
average noise level. (Although ground motion in excess of this limit
occurs less than 1% of the time, such motion, if‘no.t limited, can greatly
increase the average noise.)

Figure 2 shows the average ground motion for 30, 333 sweeps
synchronized to half the pulsar frequency. This represents our quietest
and longest running period of approximately 16 hours (April 15 - 16)
when the earth noise was ai)prbximately 1x10°8 cm/m . Atrue
signal from CP1‘133 woul& appear in thibs signal averagé as three peaks
about 0.59 second apart. No such set of three peaks is observed. The
vertical bar indicates the expected rms deviation for the entire curve
based on the measured noise. The deviations observed are consistent
with those expected from noise; no pulsar signal is detected.

‘Figure 3 shows an average signal from 31, 850 sweeps taken during
a noisier period. Once again the observed fluctuations are no greater
than expected from earth noise. It is interesting to note that if a

signal were present, it should appear with the same shape in both

4-

Figs. 2 ana 3. No such similarity is seen.  Figure 4 shows the average
signal for 23,050 sweeps when the frequency synthesizer was set
approximately 1% different from the known pulsar frequency in order
to check our understanding of the earth noise. Again the rmé deviation
is consistent with that expected.

More than 35 signal-averaging runs have been made (most of
them for fewer sweeps tﬂa;n theAdata' in f‘igs. 2-4). ..fo-r these r.l.ms,
precedence was gix}en to those times of day ﬁvhén the signal from the
pulsar was expected to be at maximum, i.e., when the pulsar was |
on the horizon as seen from Jamestown. In all of our runs the observed
fluctuations are attributable to noise. If there is a seismic signal due
to pulsar CP1433 its rms amplitude at our seismometer must be less.
than 1010 cm.

The results of our experiment conflict with those of Sadeh et al.

We think that their signal estimate of 10-10 cm is too small to be

. consistent with their reported noise level, their technique of analysis,

. and the data shown in their figures. During a quiet period their ground

8

noise was as low as*® 10™° cm. (3 ><10-9 cm/N Hz). From this value .

 we can calculate the sensitivity of their experiment.

"In their autocorrelation runs, ‘they operated with a bandwidth of

0.2 Hz” Their earth noise in this bandwidth would be

L -
? cm/N Hz) X (0.2 Hz)? = 1.3 X10 ? em. By using the auto-

(3 X107
correlation technique, one would be able to see signals six times
smaller than thiss, “thus the minimum detectable signal (signal-to-

noise = 1:1) would be 2.2)(1040

cm. The criterionfor accepting a signal
as significant was that the amplitude inthe pulsar channel inthe Fourier
spectrum "had to be atleast twice as high as the total sum of the rest of the

channels (which corresponds to all the other periods between 0.1 sec
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4,6 . )
and 10 sec)." In the autocorrelation plot the signal stands out

strongly. Thus it must be far above their minimum detectable signal

-10 -10
c

of 2 X10 m.

c¢m, and therefore much greater than our limit of 10
From signal-averaging runs Sadeh et al. report a strong signal
after 2048 sweeps (2048 pulsar periods, since their sweep time was
1 sec, followed by 0.19 seconds dead time). Because their earth noise
may have been as low as half our earth noise’ we need approximﬁtely
four times as many sweeps for equal sensitivity. In the present experi-
ment runs with more than 30, 000 sweeps {60, 000 pulsar periods) show
no signal above noise. It is incorrect to conclude, as was done by Sadeh
et al. that the appearance of peaks in a signal-average plot, separated
by half a pulsar period, is either a verification of the detection of a
pulsar signal or an accurate measurement of the pulsar frequency. Both
figﬁres 2 and 4 in this paper have peaks separated by approximately
half the pulsar period, but in neither case may we accept these peaks as
evidence of pulsar signal. In figure 2 the expected third peak does not
appear, and all fluctuations iare consistent with noise. Figure 4 was
taken froma run whose synchronization was not at the pulsar frequency.
We are grateful to Russell Sell for his assistance with the seismo-
meter and related equipment:. This work was- supported by the National
Aerbnautics and Space Administration and the U.S. Atomic Energy

Commission.
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have a bin width of 0.53 - 0.60 seconds. Thus they cannot distinguish

frequencies within a bandwidth of 1/0.53 - 1/0.60 = 0.2 Hz.
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a factor of N 36 = 6.
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a narrower bandwidth {5 Hz vs. 10 Hz).
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FIGURE CAPTIONS

Fig. 1.. The relative gain of the seismographic, ampli_fication, and
filter system as a function of frequency;v-‘

Fig. 2. .Ground displaceme‘ht averaged for 30, 333 two-second periods,
synchronized at half the frequency of pulsar CP 1133. The
apparent pulsar period, corrected for the, motion of the earth,
is indicated. The vertical bar indicates the.-‘expected rms of
‘the entire -curve, calcul;.ted by dividi'né the average noise by the
sdua.re root of the ngfnber of svv(-a'e_ps-. The vertical scale is
c‘alculated from the i(nown gain of yi:he system at ZHz

Eig.. 3. Ground displacement average, similar to thg.t iﬁ-Fig. 2, but

| during a nois_ié;' period. -

Fig. 4. Grounqwdisplacen@ent average, siﬁﬁilé;r' to that iﬁ"Figs. 2 and 3,

“but sypchronized at a frequency appro;gim_‘ately 1% :‘v';cvlifferent from
: the‘flé.lf-frequency of pulsar CP1133. ‘Any true puﬁl"sjar signal

"7 would therefore be washed out.
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