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The thermal noise from the internal modes of the test ilrasses of interferometric gfavitational wave detectors depends on tlrc

dissipation at the frequencies of interesl To datg predictions have been based on the Q's of resonances, all at frequencies

higher thnn the expected signals. We have dweloped a method to determine the dissipation of test masses in the simal
Uan4 using tle anltastic aftereffect, the creep J(tau) of a test mass after a compressive stress has been released. The loss

angte \phi(omega) is approximately given by the logarithmic derivative of J(tau) evaluated at \tau: l/omega. For a

transparent material such as fused silic4 a convenient way to me:uure (\tau) is via the photoelastic effect. We will de.scribe

the apparans that we have constructed, present measurements of the losses in a dummy test rnass made from BK7 glass,

and discuss the application of this method to LIGO test uunses.
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Figure 16.2 An estimate of the strain noise spectnl density in an early LIGO interfer-

ometer.
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PROBLEM: Predict the thermal noise spectrum x2(or) for

LIGO test masses in a frequency range 10 Hz to 1 kHz
from measurement of internal friction (or loss angle) {o:),
This is well below the internal resonant modes which begin

at about 10 kHz (by design).

te
+

COMPLICATION: Can NOT use the trick as used in

measuring flco) for pendulum modes of the Suspension, by

measuring Q's of various violin modes, Since test maSSeS

have no resonance in frequency range 10 Hz to 1 kHz.

SOLUTION: Measure the anelastic aftereffect, after the

sample is "instantaneously" relieved of stress.
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RELATIONSHIP BETWEEN flo) AND J(t):

(or) is well approximated bY:

(A.S. Norwick & B.S. Berry, Anelasfic Relaxation in
Crystalline So/idsl

The internal friction 0 at some frequency o is
approximately equal to the fractional change in the strain

of the sample on the corresponding time scale r.

0(o)=;
d(ln J (t)

dlnr
(0 << 1)

r =1fa



Transformation of J(t) from the time domain to the

frequency domain:

Jr (,,r ) - Jo = o) f(ltr ) - Jo ) sin sttdt
b.o

Jzkil = -(, f(.tttl - Jo)cos atdt
-o

where J. (,r:) : J1(to ) - iJ z@)

o(r) = 
J,tl'J (o << 1)
Jr (') "
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SOURCES OF EXPERIMENTAL ERROR:

. excitation of mechanical modes of sample (internal,

pendulUffi, torsional, bounce) and of measurement

system (laser, oPtics, detector)

. electronic noise, and systematic effects from electronics

. seismic noise

. laser noise

. shot noise
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NEAR FUTURE PLANS (next several months)

. improved rigid mounts for laser and optics, and
installation of larger sudace area photo-diodes.

o measure Q(co) for pre - Oct. 1994 LIGO test mass.

. test system with a fused silica grade OA cylinder.

FAR FUTURE PLANS

. lmprove the measurement technique of 0(ol) to 10-6 or
better at frequencies up to 100 Hz, so 0(ro) of other
low internal friction optically transparent samples can
be measured.

. design an anelastic aftereffect measuring apparatus that
can be used to test actual test masses as suspended
on the full scale LIGO.


