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Ring Laser gyroscopes and

Gravitational waves research

*Ring laser and the Sagnac eﬁfect
*GINGERINO and the sens itivity measurement

‘Possibility for GW research
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Sagnac effect

->

Q closed path angu[ar rotation
Ad = 87T/(h) QA

Frascati, RICAP, Septenber 25, 2024 A.D.V. Di Virgilio

* two counter-
propagating beams in a
closed pa‘ch
(intevfevometer with
equal arms)

* The phase shift A¢
between the two waves is
proportional to non
reciprocity

* When the ]oa’ch rotates,
the shiﬁ depends on the
scalar pvoduc‘c angular
rotation and area vector

QA

WIDELY USED FOR NAVIGATION




LRG>

e
GINGER

Ring laser in short (high sensitivity ones)

o Three+four muyrors deﬁne a high ﬁness
opﬁca[ cavity

* Perimeter above 1om

* Optical Cavity +

Y ActiveMediwn+

* Equal arms interferometer +
* 2 independent beat notes +
* the solid crust of our Earth

Frascati, RICAP, Septenber 25, 2024 ADV. Di\/irgi[io
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vantages with respect to mechanical

gyroscope

* No moving part i.e. no ° Signal based on frequency
contribution from other reconstruction, Le. huge
degvees of ﬁfeedom . dynamica[ range, ﬁree

running operation feasi’ole

* Continuous operation with
high du’cy cycle . H'Lgh ﬁrequency s’ca’oili’ty

input source not required

Frascati, RICAP, Septenber 25, 2024 ADV. Di\/irgi[io
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Our 3 main research lines

*Improve the Vigidi’cy of the optica[ laser cavity m order
to avoid instrumental rotation due to external forces
acting of the apparatus

‘Analyse data in order to idenﬁfy the true fs and test
the validi’cy of the analysy

* Active and remote control, and data quality

RICAP, SeptenBeb.25,01024gilio
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OUR third prototypes, TRIO is under d’ev\\elopmen’c in Pisa

- TRIO, Transportab le

Umproved long term cavity stability (GINGER design)

¢ Square cavity, L=3.6 m
Mirrors r.0.c= 4 m
Earth rotation Sagnac bias: fs=280.4 Hz

AD.V.DiVirgiio
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| Laser non [ineavi’cy has limited RLG diﬂ:usion

Backscattering

* Scattered pho‘cons at the mirrors coup le to the reverse
resonating mode of the cavity

By Monitoring the two beams this contribution is analytically
" cancel out |
Laser dynamics (null shift)

* The laser dynamics is a rather comp lex non-linear process.

We have developed an original methods to remove such
systematics through the estimation of Lamb parameters ina
semiclassical approach.

Frascati, RICAP, Septenber 25, 2024 A.D.V. Di Virgilio
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Examp le of the data analysis Improvements

b Typica[ raw data/(black) and backsca’cteving corrected one
(ved) from GINGERINO in 2016

Sagnac frequency (Hz)

Days from 02-06-2016

Frascati, RICAP, Septenber 25, 2024 ADV. Di\/irgi[io



Allan Deviation: 2022 (0.016667 Hz)

https://doi.org/10.1140/epjc/s10052-022-10798-9

Data analysis of GINGERINO applied to the G Wettzell ring laser

Frascati, RICAP, Septenber 25, 2024 AD.V.DiVirgitio
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Frequency reconstruction
Vequ'ures time...

Scale
Hilbert transfrom. High senisitivity, at least 1sec delay / factor
laser discharge Q,, Q,
QTn ’ inz
Artiﬁcia[ inte“[genze can be fast, but not so accurate (Di 0 )
Somma PhD thesis, in preparation . Analysis
‘ (first step)

S

cavity mirror ‘ O » O : Analysis
| (furthersteps)
|

NN y
VUV fs = Q.cos(8)

S, , are the two output signals,
signal processing is necessary to reconstruct the beat-note

Frascati, RICAP, Septewber 25,2024 ADV.D iVirgi[ io
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The ﬁrst H-L RLG able to run unattended fov months and to pvovide suitable data for earthquakes studies

it has shown the importance to be undevgvound located and the vaﬁdi’ty of LNGS for GINGER

With its data we have been able to test novel analysis strategies to plck up ﬁfom the data the true Sagnac
ﬁfe uency. We have comp[ete[y changed the RLG ana[ysis paradigm, demonstrat'mg that the ‘backscatter’
pro lem can be comp[etely solved ana[ytica“y and deve[oping algorithms to subtract the nu”—shiﬁ, which is
the real problem for very [ow ﬁrequency nvestigation, comp [ete[y ignored in previous analys is.

o It has given the opportunity to direc’dy verify the limiting noise of RLG at low ﬁfequency, showing that the
‘standagi noise estimation’ is not correct, and the low equency ﬁmdamenta[ limit is much lower than
expecte
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Power spectrum
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Phys. Rev. Lett. 133, 013601 — Published 2 July 2024

Frascati, RICAP, Septenber 25,2024 ADV. DiVirgi[io
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Sensitivity as 00

*Flat above V> 01 Hz 0.32
prad/sqrt(Hz)

* N< 0.1 Hz rises wi’chsqrt of
time

Sensitivity for rotation angle

* Obvious ly Lt IS necessary to

0.01 0.1

remove laseV non lineav Frequency [Hz

dynaMic \\systemaﬁcs

Frascati, RICAP, Septenber 25, 2024 ADV. Di\/irgi[io
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*This activity was born in 2009 inside the Virgo
collaboration, and has proposed a new experiment,

GINGER, actuaﬂy under construction at LNGS

*] et see now whether it can be useﬁtl fov GW research

RICAP, SeptenBeb.25,01024gilio
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firgitio, M
i, P. La Penna and

Frascati, RICAP, Septenbev 25,2024 ADV.Di




el
ossible links between RLG and GW

apparata
* Environmental monitor: G- *For the 'mtelferometer
Pisa prototype has been a[ignment having as rgference
operating for one year in the the Earth angular rotation
Virgo central area and has axis
able to measure the strong
wind induced tilt , AL
¢ presenﬂy under nvestigation
the RLG to improve on a
* A1o: how to use a RLG as factor 100 satelites AOCS
active element on the SA (Attitude and Orbit Control).
suspention This could be relevant for
h LISA

Frascati, RICAP, Septenber 25, 2024 ADV. Di\/irgi[io
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Note: 'm not sure the output can be used fov
feed-’oacks, since it is not real time with high
sensitwity

RLG main advantage: very high sensitvity down
to DC

Frascati, RICAP; Septenber 25, 2024 A.D.V. DiVirgilio
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Most recent biloliogaphy

C. Altucci et al., GINGER, Wol. 11 (2023), No. 2, 203-234,
DOI: 10.2140/memocs.2023.11.203

C. Altucci et al., Status of the GINGER project, AVS Quantum Science, (2023),
American Vacuum Society, DOI: 10.1116/5.0167940

S. Capozziello, etal., Constraining theories of gravity by GINGER experiment. Eur.
Phys. J. Plus 136, 394 (2021). https://doi.org/10.1140/epjp/s13360-021-01373-4

F. Giovinetti et al., GINGERINO: a high sensitivity ring laser gyroscope for
fundamental, and quantum physics investigation, Frontiers in Quantum Science and
Technology 10.3389/frgst.2024.1363409

G. Di Somma et al., Possible Tests of Fundamental Physics with GINGER,
Astronomy 2024, 3(1), 21-28; https://doi.org/10.3390/astronomy3010003

A. D. V. Di Virgilio et al., Noise level of a ring laser gyroscope in the femto-rad/s
range, Phys. Rev. Lett. 133, 013601  INFN NEWS

Frascati, RICAP, Septenber 25, 2024 A.D.V. Di Virgilio


https://doi.org/10.2140/memocs.2023.11.203
https://doi.org/10.1140/epjp/s13360-021-01373-4
https://doi.org/10.3390/astronomy3010003

R G-

GINGER

Conclusions...so fav

*The RLG research in ]taly has to be considered an

out-come of the GW reasearch, and it has pmposed
the GINGER experiment under construction at LNGS,

expected to be Veady In 1-2 years. Furst target1 part 10°
of the earth rotation rate, ﬁnal target 1 partio”
suitable fov ﬁmdamental physic tests

‘Applicaﬁoms of RLG for GW experimén‘cs are outlined

| Septenber 25, 2024
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