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Virgo accuracy limits

e strain OL/L <107-16
e tilts Aa < 10M-13rad

inner core oscillation effect

* Polar mode (a = 1m) 5-10A-14 rad (theory)

* Translation mode 5-10A-15rad (measurement)
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Can we measure Earth Core Movements with Virgo?

Virgo Mirrors are suspended with a single wire suspension,
hence angle a+f is independent from ground tilt and from Laser

beam angle y.
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Conception of angular measurements

(Virgo as angular gravity meter)

Laser is not suspended:

so land angular deformations (tilts of the norm vector) are transferred to
beam deflections ; also there are artificial beam inclinations to lock its
position in the mirror’s center ; - all together it composes an “angular
noise of the beam” contaminating the gravity plumb line variations.

A. Measurement of the “sum of internal angles”

composed by beam with front and end mirrors filters the “angular

noise of the beam”, so again the plumb lines are affected only by
gravity force variations

B. Measurement of a single angle “beam *plumb line”
presents the principle of conventional tilt meter: variations of the gravity
force vector can be measured only at the beam deformational angular
noise background; one has to find an additional ability to reduce this
noise.



Virgo strain data

Raw strain data from “inverted pendulum” LVDT
sensors were processed by LSM-fitting with
theoretical tidal curve.

It results in estimations of

- f - virgo transform (scale) factor,
- T - delay time (phase shift),

- Al — deform. shift (“lock to lock”)
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VSR-2
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Variation of amplitude relations experimental and theoretical curve during 135 days
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Figure 1: Simplified scheme of the optical design of Virgo. The laser beam is passing trough a a 144m long input
mode-cleaner cavity (IMC), then it is split at the BS mirror (ES) in two orthogonal Fabry-Perot cavities (the North and
the West cavity). The longitudinal position of the mirrors is controlled in order to have a destructive interference at the
asymmetric port (Blp). In this condition most of the light is reflected to the bright port, thus to enhance the power
circulating in the interferometer a power recycling mirror is inserted (PR). The gravitational wave signal is detected
at the asymmetric port (B1l) after having been filtered by an output mode cleaner {OMC). The photo-dicdes used for
longitudinal (with names starting with B) and alignment (starting with Q) control system are shown.
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Angular effect of the inner core oscillations
(amplitude 1 m)

. Plumb line deflection:

10M-10}rad. , t=3.5 h ~10MN4} sec. —107-8} Hz"-1/2}

A. “single angle measurement”:
Virgo mirror’'s angle noise: 10"{-7}-10"{-8} rad. Hz"{-1/2}

. Mutual angle of two plumb line deflection:
107°{-13} rad

B. “sum of internal angles measurement”:
Virgo angle noise depends on the level of beam angular noise depression;
the required level 10°{-11} rad. Hz"{-1/2}

Method of extracting the right “sum angle variable” has to be addressed (!)
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Polar inner cove sserllations

polar inner core
oscillation mode
estimate

AS = 3i~S» = Lg/en”;

) %‘" ol e 0T nGd

dranclolion mode terplet
Trdh  (Smylie ) Dumm..)
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Fig. 1. Product spectrum of the four supcrconducaing gravimeter records
described in the text. A sinusoid is shown ficred across the whole specoum o
provide a reference noise level. The locations of the resonances identified by
their rotational spliting as the triplet of inner core mranslational oscillanons
are shown by the arrows. ically, the spectrum rep the equival
of 24.3 vears of independent hourly samples. Verucal bar shows 95 percent
confidence interval (CI).

Exploiting the expectation that all three oscillations should appear
in the obscrvations, | developed and applied stringent teses thac
claimed resonances must sadisfy before they can be associated with
the inner core rransladonal miplet. These tests are based on the
rotacional splitting that the modes are known to have,

Roragonal splittng arises from the effect of Coriolis acceleration,
which scales according to the ratio of the period to half the length
of the sidereal day, Thus, if the three periods arc calculated for 2
given Earth modei, their values will be offsct for other Earth models,
and for correcty identificd observed periods, in ncarly the same
proportions as those calculated for the given Earth model.

Recent th ! and ical ad (9) allow the transla-
tional cigenperiods and displacement ficlds, as well as those for other
long-period oscilladons of the fluid outer core, to be sccurately
calculated. The forms of the displacement ficlds are found to vary
lictde with Earth model (Fig. 2), but the eranslational cigenperiods
are highly model-dependent.

For a widely acoeprod-Earth model, CORE1L of Widmer et al. (14)
(Fig. 2), the period of the rerograde equatorial mode (Ty) is 3.7195
hours, that of the axial mode (T) is 3.5056 hours, and that of the
prograde equatorial mode (Tp) is 3.3432 hours. The period of the axial
mode is offset by 0.02575 hours from Ty, the mean of Ty and T (Ta
= 3.53135 hours), whereas Ty and T} are offsex from the mean by
0.18815 hours.

Below 1 fit resonances to the candidate spectral features indicated
by arrows in Fig. 1 and obtain the observed values Ty = 4.015 =
0.001 hours, T¢ = 3.7677 = 0.0006 hours, and T, = 3.5820 =
0.0008 hours. The offset of T from the mean of Ty and T, Ty
= 3.7985 hours, is 0.0308 hours. If the offsets follow the expected
proportionality to those for Earth model CORELL, we would thea
expect to find the obscrved rerograde resonance ac 4.0235 houns
and the prograde resonance at 3.5735 hours. The reladive errors in
the forecasts of the locations of the observed equarorial mode
resonances are 0.21 and 0.24 percent, respectively. Although moré
generally based, dhis tes is numerically equivalent to the known

dratic d de of the ¢i ies on azimuthal number

general conditons (9, 10), the period T of a core oscilladon obeys

the equacon
2 .
T £ (T
— 2=|=— -1l=
(r.,) . Ts(n)r. 1=0 m

where T, is the period neglecting roation, Ty is the kength of a
sidereal day, and g is 2 dimensionless form factor representing a
weighted average of the prodict of the meridional and azimuthal

p of the displ ficids, pared to a weighted
average of the squared magninude of the full dispi wector.
The form factor obeys |g| s 1 and for 2 particular mode is
invanant with the Earth model.

On the basis of the form factors of CORELI, three curves
(branches of hyperbolas) can be constructed along which all possible
transiagonal periods muse lie (Fig. 3). For example, the locations of
the periods for an older mode! 1066A (19) are accurately predicred
(Table 1). Forccast locations for the observed periods with his
identification test arc 4.0166, 3.7687, and 3.5813 hours. The

Azimuthal component Meridional projection

given by sccond-order perturbation theory (5).

The small varistion of the displacement ficld forms shown in Fig.
2, over Earth modcls with widely differenc.cigenperiods, permits the
construction of an cven more stringent test of whether the observed

s can b sared with the lagonal triplet. Under

27 MARCH 1991

Fig. 2. Displacement vecror fields in the fluid outer core of the three
transhitional modes of the solid inner core. The azimuthal are
o mode. (C)

- shown in perspective. (A) R d ial mode. (B)

Prograde equstorial mode. In exc’, cas. the azimuthal component leads the
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time evolution of the sample of deformation
noise standard A2 =ag | in mHzN-
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ltems to be studied first

* Alignment technigue detalils:
(nonlinear alignm., linear alignm, drivers, marionette etc.)

Injection bench tilt compensation
* Vertical mirror’s shift control circuits

* Tidal calibration:
Aa. ~3 10{-8} rad, [ 10"{-5}rad.Hz"{-1/2}]
the point Is an accuracy of the tidal reconstruction

oa =¢Aa, €=0.1; 0.01;.... 0,003 (core
effect)



Current Problems

Tidal calibration of the Virgo instrument

- new software for “mixed (strain + tilt) tidal
perturbations”...?

- reconstruction of the phase information after feed
back “lock off” ?

- filtering a “gravity signal” from deformations and
beam jitters..?

- filtering of vertical shifts..?



Sorry for attention!
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