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Outline
Principle of the instrument
RequiredD Wesolution
Local and celestial compasses

Relativistic gravity effects

. Axion search for

. Seismic monitoring



Sagnac Effect

s First experiments concerning light propagation in rotating media were
carried out by F. Harress in 1911.

George Sagnac published his results in 1913 and is credited with the
effect since Harress made numerous errors in interpretation of his

experiment
s Athought experiment:

ct,=2pR+RW, t,=2pR(c-WR)

ct=2pR-RW_ t =2pR/(ctWR)

dt = 4WA /c?

d =8WA/lc _
W - angular velocity ,A i ring square



Sagnac Interferometer (1913)

Rotation Rate: 2 rev. per sec.
observed Fringe shiftt ] = 8o WA/l C

with A = 0.086 m2 this turns
out to be 0.0R0.01 fringes

Georges Sagnac was the first to
correctly combine theory with
experiment.

We also acknowledge the
experimental skill to build a
sufficiently stable

apparatus.



Large Ring Lasers are directly linked to
the rotational Axis of the Earth
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Linking Celestial and Terrestrial Reference
Frames

Inertial Compass

Earth Rotation

Orientation
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Time series of rotations derived from the large laser G at the Geodetic
Observatory Wettzell. Solid Earth tides, diurnal polar motion and the

long-period Chandler and the Annual wobble are clearly visible in the data.
VLBI measurements carried out twice per week are shown for comparison.



_Associationof

hGeodesy

» ,Internal” Goal

Evolution of GGOS and the geodetic observation
technologies to establish an Earth fixed reference ' :
frame with a relative accuracy of at least Geokinematics

10-° = 1 ppb «'

/ 1 0-9

Reference \
frames

with high spatial and temporal resolution.

» ,External" Goal
Integration of GGOS as an important

contributor into Earth System Research
(Modeling of physical, chemical and biological
processes).

rotation

Contributions: Mass transport, dynamics,
surface defarmatinns



Geodetic Observatory Wettzell
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Ring Lasers Performance

A Resolution 16° rad

A Angle of a hair viewed 10°F
from 2000 km [
A PSD ~ 16 rad/s/rtHz § 10°}
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Sagnyac VIRGO




Phys.Dept. Univ. of Pisa




PHYSICAL REVIEW D 84, 122002 (2011)

A F. Bosi,aG. Cella,b and A. Di Virgiliod. Allegrini,i J. Belfi,) N. Beverini,k
B. Bouhadef,l G. Carelli,m I. Ferrantekn Maccioni,o R. Passaquieti,p and
F. Stefaniq
INFN Sezione di Pisa, Pisa, ItaljJniversity of Pisa and CNISM, Pisa, Italy
A K. U. Schreibert and A. Gebaueru
Technische Universitaet MuencherRorchungseinrichtung
Satellitengeodaesid)Vettzell, 93444 Bad Kadtzting, German

We propose annderground experiment to detect the general relativistic effects

due to the curvature gpacetime around the Earth (de Sitter effect)and to the
rotation of the plandidragging of the inertial frames or LenseThirring effect). It

Is based on the comparison between the IERS value of ther&atibn vector and
corresponding measurements obtained by a triaxial laser detector of rotation. The
proposed detector consists of six large ring lasers arranged along three orthogona
axes. In about two years

of data taking, the 1% sensitivity required for the measurement of the-Thinsag
drag can be reachedth square rings of 6 m side, assuming a shot noise limited
sensitivity (20 prad/s/Hz"{-1/2})



The beat frequency with relativistic correction

A . oA
fp=2—802(u;-uy) +

,P
cA 2 J P J o~ ..
_—(2 ——sInf — — cnsﬁ'){ur -Up) — —(Ug - Up) SING
»PR C R? R?
2R —b The recent performance of G, expressed in terms of
—~10 P p
measured equivalent angular velocity, is below
C
M 1prad/s (pico radian/second) at 100@ integration time
It -0 -
GTR — E ~ 10 This sensitivity is above the requirement for the
C measurement of the GR effects, but various improvemen
' in technologies, global design and signal cleaning should
(; — ] ~ '[[]']5 fill the remaining gap
ip2 — p2 '
k- R

the first term is the classical Sagnac term, whereas the second one contains
both the Lengerlhirring drag, depending on the angular momeniumvhose

norm appears in the equation in its geometrized fgrrand the de Sitter or
geodetic term expressing the interaction of the local Newtonian force with the
angular velocity of the Earth.



Octahedral configuration of GINGER. Six mirrors give
rise to three mutually perpendicular square rings. The
active control of the geometry may be achieved by laser
cavities along the three diagonals connecting the
mirrors.

The main difficulty of the Leng& hirring measurement is that it corresponds to a constant signal and
the calibration is quite demanding. This is the reason why we are investigating as deeply as possible
the systematics of the laser, and different techniques to extract the signal: the result could be
validated repeating the measurement with different techniques and operating the laser at a different
working point. The Sagnac effect works as well for a passive cavity, i.e. the measurement could be
repeated with the same apparatus, but using an external laser source to interrogate the array of
cavities. The technique of the passive cavity Sagnac, however, is not as mature as the active one. In
summary: any measurement of constant effects is in principle difficult, but-tasagsystem allows

one to repeat the measurement with two different methods, which have different systematic



GINGER

3D- Sensor
Larger Scale Factor
Active Stabilization

Deep Underground Installation

Shared Cavities with control of diagonals...

.. however we are after a DC quantity!!!!
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The picture compares the Allan deviation of G in Wettzell (years 2012 and 2010, courtesy of K.U. Schreiber) with the most
relevant geodetic signals. The green parts show the region of interest for the geodetic precession andTherirenséect

on the left of the picture it is possible to see the present level of test obtained by Gravity Probe B and Lageos. ftbd two do
lines show the shot noise of the G {h6oerimeter), and of a ring with perimeter 24m.
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Ring-laser tests of fundamental physics

G E Stedmany

Department of Physics and Astronomy, University of Canterbury,
Private Bag 4800, Christchurch, New Zealand
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Abstract

HeNe ringlaser gyros are standard sensors in inertial guidance; mirror reflectancesacb@9.9999%.
Present research instruments have an ardard, a passive qualitiactor of > 10, and aresolution of
the frequency difference of counterrotating optical beams approaching microhertz In the Sagnac
effed this difference is proportional to tlagular velocity. Present resolution is limited by thermal drifts in
frequency pulling, itselfeflecting mirror backscattefhe capability of ring lasers for measurements of
geodesidnterest, including seismometpyonreciprocal refractive indices,including axions and CP
violation, are discussed. In standgrolarization geometries the observable is necessarilyrewersal odd.
Scaling rules fodimensions, finesse etc summarizing past progress and suggesting future potential are
given.



Modified Gyrolaser|[*|
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* Only the El is affected
+ Phase modulation

* Amplitude modulation
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[*] L. Cooper, GE. Stedman/ Physics Letters B 357 (1995) 464-468



2 B, R:ug gﬂm
(a) (b) {c)

(a) Photons propagating in a transverse magnetic field producing axions through the Primakoff effect.
(b) Virtual axion production leading to vacuum birefringenceQEP vacuum birefringence viay
scattering.

J—[E['DEH}I{HEH JLTH CHCTEMEI aKCHOHOB H CIJCJTCI]IDE! HMECT BHIL

1 1 i 'S J- =
L= ——F,zF* +— (d&r_’?“a—mﬁczg} — —gaF,zF. (1)
4 - 2 4 '
Unen, OTBEYAInIIHA 34 EKCHDH—[I)DTDHIIGE‘ B3aHMOJIEHCTBHE MOKET OLITh BLlIpd-

AeH IICDEB HEHTDPI:I EIE[IPF]}HE]IHDCTEH 'EJ'..TIC‘KTPHI{C‘CHDI‘D H MATHHTHOIO TTOJH.
Liyw=gaEH. (2)

KoucTanta cBsisH g = g/ fa 06paTHO NPONOPUHOHANLHA KOHCTAHTE paciia-
14 aKcHOHA f,. 371eCh o — TOCTOSIHHAST TOHKO# CTPYKTYPBI, 8 g, — MOJIEJILHO
3aBHCHMas BesHunHa nopska 1. Kpome toro, mexannam [Meyuen-Kyun nojpa-
JYMEBAET, UTO KOHCTANTA pacnaja W Macca akcHOHA CBSA3aHbl COOTHOLIEHHEM
Mafa & smg fr & 6- 10" eV2,



Puc. 1: Cxema 3KCrepuMenTa 1o BAKYyMHOMY JIBYJIyUenpeoMiaeHnio. PUCyHOK

PA3HOCTE Pas3. O patoTe | 1] BHIMHCICHd d KCHOHHO-HHIYHHPOBdAHHAA Pad3HOCTE
q]EH H OTHOLICHHE aMILIATY L q]{]TDHDB, MOJAPHI0BAHHBIX TTdPaJJIe/IbkHO W NEp-
MEHIHKYNAPHO MArHHTHOMY TTOJTIOC

. 2 2 2
Ap = (—ﬁiﬂl) (?;,“}E — sin Tﬁ:‘!) 1 (3)
EII gw By ’ . 92 mji
—_— 2 - - = .
B, ( m? sin o (4)

rje [ — JIHHA 1YTH, KOTOPLIA [POXOJINT JIyY B MArHUTHOM noJie. B patore [ 1]
BLITNOJHEHLl OLLEHKH CIABHIra (a3 sl Jiyua, [peTepreBaloniero MHOTOKPaTHLIe
OTPAMEHHS], TAK 4TO 00J1ACTh C MATHHTHBIM 110JIEM JIHHOA 4 MeTpa NpoXouTCs
500 paz. MaruutHoe noje B ~ 10 Tn = 10° [, sHeprust hotoHa w ~ 2.4 3B,
Hautosee onTHMHCTHUECKAS OlleHKA A ~ 10712,



Modified Gyrolaser

= Simplest scheme (sensitivity ﬁ//
below QN) /
* Losses introduced by Faraday

rotators

Af 0

* Improvements:

« Better rotators

* Multipass geometry
* Modulation spectroscopy

© Magnetic field modulation

[*] L. Cooper, GE. Stedman/ Physics Letters B 357 (1995) 464-468



Modified Gyrolaser
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