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THE SAGNAC EFFECT IS BASED ON A SIMPLE OBSERVATION: TWO BEAMS COUNTER-PROPAGATING INSIDE A RING OF RADIUS R COMPLETE THE PATH AT DIFFERENT TIME IF THE RING IS ROTATING WITH ANGULAR
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Ring laser gyroscopes

Measuring rotations
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Several Devices have been developed based on: fiber optics (FOG),passive resonant cavity, and active cavity (ring-laser, gyro-laser). Not only light, but atom interferometry is used as well. They are very special gyroscopes, since they measure absolute (inertial) angular velocity.
Several instruments have been developed for different purpose, in general inertial navigation (air-plane, submarine...) and more recently for geophysics study. The main advantage of this kind of devices is that there are not moving parts, and the response of the apparatus is a pure
rotation. It must be taken into account that the linear motions of the Earth crust is much higher than the rotations and tilts in general, so why is very difficult to provide good rotational motion measurements if the device has a coupling with the other degrees of freedom.
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Sagnac Interferometer / Fiber Optic Gyroscope (FOG)

40 meter Sagnac loop

GINGER (GYroscoPes IN GENERAL RELATIVITY), IN
COLLABORATION WITH U. SCHREIBER (TUM, MunicH), H. IGeL
(LMU, MunicH) AND JP WELLS (CANTERBUTY UNIVERSITY,
CHRISTCHURCH, NEWZEALAND)

GINGER (G-GranSasso) is a proposal, and an experiment of INFN Group II, to measure
the gravito-magnetic effect with and array of ring-lasers in an underground laboratory;, (
PHYSICAL REVIEW D 84, 122002 (2011), theoretical calculations-Turin Politecnico) In
general, the light must follow:
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...and at first approximation

where
Q = angular velocity of the
M. s Earth
H= Gc_2 ~4.4x107m w = angular velocity of the
. Jo 5 instrument
] = GC_3 ~ 175 x10"m 0 = colatitude
In a ring-laser the measured quantity is the beat note between the two laser modes
fo="58v/2=S8T
where P is the length of the path (Perimeter); so for a ring laser attached to the Earth:
5v = 44[Q — 2% sin Ouly + 355 (2 cos(0) 1, + sin(0)ip)]
» The beat note has 3 terms: the Sagnac one, the de Sitter (Geodetic term) and the
Gravitomagnetic one (LenseThirring)

» The Earth angular velocity is measured with very high accuracy by VLBI, which measure
the Earth rotation with respect to the fixed stars

the Relativistic terms can be obtained by subtracting from the ring-laser data the Sagnac
term measured by VLBI

The required sensitivity for the measurement is around 10~ '*rad/s/ v/Hz, and the Earth
angular velocity has to be measured with accuracy one part in 10°. So far, sensitivity and
accuracy so high has been obtained by the square ring G in Wettzell (4 m side).

In order to test General Relativity it is necessry to:

» () is a vector, so at least 3 independent rings are necessary

» Underground Location, in order to be far away from the Earth crust, which is perturbed by
atmospheric changes (pressure, wind, rain....)

» increase the sensitivity and the time of integration: larger rings (from 4 m to 6 m), and
integration time from 4 hours to 1 day (underground location, reduce as much as possible
problems coming from backscatter noise).

Required accuracy: 1in 10%°, necessary in order to cancel out the pure Sagnac term

UCe

UNIVERSITY OF
CANTERBURY

nnnnnnnnnnnnnnnnnnnnnnnnn

LUDWIG-
MAXIMILIANS-
UNIVERSITAT
MUNCHEN

LMU

Technische Universitat Mdnchen

THE SHOT NOISE LiMmIiT, G IN WETTZELL IS SHOT NOISE LIMITED
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SYSTEMATICS OF THE LASER

Laser equations are non linear, backscattering can spoil the performance of the ring, in
collaboration with Legnaro, Napoli and Padova we are developing and extensive model of
the whole apparatus and the laser itself
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PisaMeeting, Elba Island, May 2012

G IN WETTZELL, THE MOST ACCURATE RINGLASER IN THE WORLD
AND THE CHANDLER WOBBLER MEASUREMENT

G is a square ring with 4 m side, which operates inside the Wettzell laser ranging station. It is
based on a monolithic design, which uses a single block of Zerodur, a very low thermal
expansion glass. It has been constructed for Geodesy.
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U. Schreiber et al., PRL 107, 173904 (2011), highlighted and reported from Science, Nature
Photonics News and Views, local newspapers in Germany and Italy as well

S1GNALS AND AcCURACY (ALLAN DEVIATION OF G IN WETTZELL)
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AN APPARATUS DIRECTLY LINKED TO THE EARTH: FUNDAMENTAL
Puaysics, GEODESY AND GEOPHYSICS
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Rotation of the Earth
Rotational Seismology

+ The ground motion is fully described by 12 parameters:
— 3 translations (3-D vector)
— b strains (3%3 symmetric tensor)
— 3 rotations (3-D pseudo-vector)
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. For surface plane waves, rotation rate relates to ground acceleration via
Speed of Rotation

the phase velocity: iy =20, i = e, 0,
* LOD

A linear acceleration of 1 mm/s? produces a rotational signal of the order
of a few 107 rad/s
= Rotational seismology requires very high sensitivity gyroscopes

G-Pisa is a middle size ring-laser with side around 1.4 m, based on a cheap mechanical
design, which provides a lay-out easily adjustable. Other advantages are that the mirrors are
easily accessible and it is transportable. Since it is in steel, temperature changes must be
compensated. Our device keeps constant the operation controlling the perimeter with a
stable reference laser. In this way mounts of continuous operation have been obtained. Our
devices has been running horizontally and vertically oriented, the two modes of operation
show no difference. It has been running for more that one year inside the Virgo central area,
at the moment it is installed in the S.Piero a Grado laboratory of the Pisa INFN section.

VIRGO Gyrolaser (Square cavity ,1.35 m in side)
July 2010: Installation in the Virgo Central Area
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GEeoPHYSIC WITH G-P1SA, IN COLLABORATION WITH G.
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Gyro and epicensor signals have been compared. Power spectral estimates for the time series
of 5 — h — long noise window preceding the earthquake, a 600-s-long window encompassing
the P-wave arrivals and coda, and a 1800 — s — long window starting at the Rayleigh-wave
arrival. Power spectra are obtained by averaging and then squaring individual spectral
estimates obtained over a 200-s-long window sliding by 50% of its length along the selected
signal segments. Before transformation, individual signal slices were detrended, demeaned,
and tapered by a 5% Tukey window

CONCLUSION...SO FAR

RingLasers are the most accurate sensors for the measurement of absolute angular velocity,
employed not only for inertial navigation, but as well in geodesy and geophysics. Monolithic
devices have reached accuracy so high that the measurement of the terrestrial
gravito-magnetism seams feasible (GINGER, G-GranSasso). We are working in order to
make the ring with a mechanical design equivalent to the monolithic one by means of
suitable controls. Work is in progress as well to understand the systematics of the laser. In
the near future we plan to install our prototype inside LNGS, in order to verity if it is a
suitable choice for the installation of GINGER.
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