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G-GranSasso (Angela Di Virgilio)

The Sagnac effect and the Ring-Laser

G in Wettzell

GINGER (Gyroscope IN GEneral Relativity), LenseThirring
effect at 1 %

preliminary results of the first installation inside LNGS
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The Sagnac Effect

two beams conter-propagating inside a ring of radius
R complete the path at different time if the ring is rotating with
angular velocity Ω

∆t =
4πR2Ω

c2
(1)

3



Devices based on the Sagnac Effect

fiber optics

passive cavity

active cavity (ring-laser, gyro-laser)

Several instruments have been developed for different purpose, in
general inertial navigation (air-plane, submarine...) and more
recently for geophysics study.
NOTE: the response is not affected by longitudinal vibrations since
moving parts are not present
...................................................................................
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In general FOGs have applications when 10−4rad/s is required,
ring-lasers have higher sensitivity and accuracy
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The Ring-Laser

When the cavity rotates with frequency Ω, the bit note, δfSagnac :

δfSagnac = K Ω.n

where n is the area vector and K is scale factor of the instrument,
K = 4A

λP , λ is the wavelength, and A and P area and perimeter.
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High Sensitivity RingLaser and G-Wettzell

There are few large frame(few m side) ring-lasers, in NewZealand,
US and Germany

Geodesy and Geophysics

G in Wettzel is a monolithic device, a huge ’unique’ zerodur
block, with mirrors optically contacted.
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The Shot Noise of the RingLaser

The Shot Noise

δωsn =
cP

4AQ

√
hνl
WT

rad/s
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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
The data of G are combined with VLBI data (short term formal
error reduced)
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Limitation of the measurement

Ω is the scalar product of whole vector Ω with the normal n of the
ring area
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Problems connected with the non linearity of the Laser:
BackScattering

we are developing Kalman filters to offline subtract backscattering
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GINGER, Gyroscopes IN GEneral Relativity

In Collaboration with U. Schreiber (TUM), H. Igel (LMU) and JP
Wells (ChristChurch NZ):
Geodesy-Geophysics-Fundamental Physics
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in general, the light must follow:

g00dt
2 + grrdr

2 + gθθdθ
2 + gφφdφ

2 + 2g0φdtdφ = 0;

δT = T+ − T− ≈ 2

∮
g0φ
g00

dφ 6= 0

at first approximation

g0φ ∼= (2
j

R
− R2ω

c
− 2µR

Ω

c
) sin2 θ; g00 ∼= 1− 2

ω2R2

c2
sin2 θ

where:

µ = G
M⊕
c2
≈ 4.4× 10−3m; and ; j = G

J⊕
c3
≈ 1.75× 10−2m2

Ω = angular velocity of ther Earth
ω = angular velocity of the instrument
θ = colatitude
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in a ring-laser the measured quantity is:
δf = 4 A

λP [Ω− 2 µR sin θûθ + GJ⊕
c2R3 (2 cos(θ)ûr + sin(θ)ûθ)]

pure Sagnac term (Earth Angular Velocity)

Geodetic (de Sitter)

Gravitomagnetic Term (LenseThirring)
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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 subctracting

from the ringlaser data the Sagnac term measured by VLBI
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GINGER would be the first test (not considering the gravitational
redshift measurements) of general relativity in one experiment on
ground using light as a probe
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What it is necessary to do in order to test GR

Ω is a vector, so at least 3 independent rings are necessary, we
propose 6 parallel ring two by two, in order to have
redundancy

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− 10 m)

accuracy 1 in 1010, necessary in order to cancel out the pure
Sagnac term
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The ring-laser has a mature technique, G Wettzell is a factor 4 far
from what is necessary, but:

tri-axial device

increase as much as possible the integration time

relative orientation of the planes must be monitored with nrad
accuracy

absolute calibration of the instrument
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The heterolithic ring-laser

Necessary to make the ’heterolithic’ structure as stable as the
monolithic one G using control strategy. The new prototype GP2
in Pisa will be dedicated to this purpose and to investigate the
systematics of the laser
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the LNGS installation

Our first prototype G-Pisa has been moved to LNGS last spring.
The aim of installation is qualify LNGS for GINGER

first installation in Hall B, data taking ended in May

restart data taking as soon as it will be possible to move it
inside the ex Warp green cage

in 2014 rearrange G-Pisa in order to form a 4m side ring-laser

in 2015 we should be able to say if LNGS is a good location
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G. Saccorotti INGV-Pisa

35



G. Saccorotti INGV-Pisa
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G. Saccorotti INGV-Pisa
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Conclusions

G-Pisa has been moved to LNGS with its equipment

A first set of data (approx. 1 month) has been recorded

The first set of data shows that LNGS is close to the typical
LNM, this gives us a good motivation to go on with the
measurements

necessary to enlarge the ring up to 4m side (a factor about 9
improvement in sensitivity)

together with our German colleagues we are working to make
GINGER a reality
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