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GINGER

GINGERino seats on a “MARMO” basement

MArMmo rum. mMArmure; prov. mar-
nes; fr. marbre; sp. marmol; port.
narmore [serb. mramor, russ. mar-
noru, ted. marmor|: dal lat. MARMOR ==
r. MARMOROS [ant, slav. moarmori, ««.
t. ted. marmulj, che in generale viene
reduto affine al gr. marmareos splen-
lente, marmaird splendo, formato per
luplicazione da una rad. MAR-, che ha il
enso di luccicare, brillare, ond’ anche il
scr. maric'i raggio di luce, marakata
meraldo; mentre il Pictet congiunge al
scr. mrn-maru propr. lerra, ptetra, ma-
igno |da una radice che ha il senso di
rantumare], riflettendo che in Omero
uella voce trovasi sempre nel senso di
weiyno senza relazione alle sue qualita
steriori.

Pietra fine e dura [carbonato di calce),
1 vario colore, capace di prendere un |
uiimento splendente, adoperato da tempo |
minemorabile nella scultura e nell’archi- |
ettura,

A. Porzio
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Premise | GINGER

* GINGER is an INFN leaded pvoposal for exploiting
extreme ly high sensitivity rotation sensing to measure
General Re laﬂwty Eﬁects such as Lense- Thmrmg In an
underground la’ooratovy,

*The pecuhan’ty of this approach seats on measuring LT
eﬁfect induced on the Earth rotation while rotating
together with the eﬁfect source itself: the Earth;

*So far the general phys lcs aspect of the pvoposal have been
clearly y “ident ﬁca’ced while the expemment is the prof f
prznczp/ephase

A. Porzio



The Sagnac effect from scratch @

¢ light travelling along a
cﬁosed pa’ch wﬁl S
experience a different
transtt time Lf the pa’ch
s rotating

" othe time diﬁference
Advantages depends on the area
® nomoving masses (the ring rotates as enclosed ,Oy the path,
the Earth rotates) and on the Froj ection
e insensible to linear acceleration and Of the anguiar speed

¥ alon the surrace versor
translation of the Vefevence ﬁfame g UC

A. Porzio
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Sagnac effect in an empty cavity e

° ﬁfom an e.m. pont of view
in a rotating ring cavity
resonances are shiﬂed on
a quantity that depends

. on the the area (A), the
to pl" €ClS€é/ measure angulav Speed one ’/1&8 paﬂ’l [ength (P), tl’le

to know .WLH/I the Vequwevil ]OV.GCLSLOYL all the wavelen g’t’/l (L), an d the
geome‘cﬂca[ fac‘covs entering into the

projection of the angu[av
speed onto the pa’ch versor

formula: |
* the scale factov of the Sagnac ring
* the orientation with respect to Q)

A. Porzio



Sagnac based rotation sens 'mg GINGER
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The GYROS (gyro-lasers) @

GINGER

*Sagnac inteﬁevometevs are
tuwrned into active ring laser
on adding the laser gan
medium inside the ring
Ltse lf

*in this case the two counter-
propagating laser beams
will feel a diﬁferen’c cavity

and the two emission will be

frequency split

A. Porzio



- Gyvos and thew apphcattons GINGER

¢ ng lasers have [arge apphca‘uon n nawga‘uon aurcraﬁ and S’KIL]OS

“ have sma” g}/V oS OVI Iooard)

\ o Few arge frame rmgs have been developed for geode‘ac and
geoph}’swal apphca’aon

A, P6rzio



zell GINGER

* monolithic des lgn mn zerodur
(vevy expensive and not
flextble, relies on mechanical
pvecisiOn)
’16_Vh2 msize /|
2} * actually the best performing
/ringlaser in the world

it allowed to measure ﬁthe slow
| motion of the earth axes

e is able to access the LOD and»‘ I

is considered into the VLBI

A, Porzio



SQVIS.LﬁV.lJ[}/ OfG GINGER

TDEV G Ring (self- referenced)

6 m square
mirror theor. limit

Torino - May 26, 2016 «Testing Quantum Gravity» A. Porzio
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yroscopes In (Fneral elativity - GINGER GINGER

*Measure the LenseThiwmg eﬁfec’c with an
Earth based experiment with 190 accuracy

° ’ /
B OS l ef 3 J PHYSICAL REVIEW D 84, 122002 (2011)

Measuring gravitomagnetic effects by a multi-ring-laser gyroscope

Torino - May 26, 2016 «Testing Quantum Gravity» A. Porzio
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GINGER — Measurement principle “"=

Along with the pure kinematic Sagnac term it

comes a relativistic contribution

It amounts to about 109 x the Earth rotation rate

(1 0’14\@0[/ sec)

Torino - May 26, 2016 «Testing Quantum Gravity» A. Porzio



* The total relativistic contribution to the rotation signa[ S GINGER

Q'=Q;+Qp+Qy +Q,

*In particu[ar, the total precession rate is made of fow contributions:

* (i) the geodetic or de Sitter precession QG due to the motion of the la’oora’cory n
the curved space-time around the Earth;

* (i) the Lense-Thiwing precession QB due to the angu[av momentum of the
Earth; '

* (iii) Qw due to the pvefewed ﬁrames eﬁfect;

* (iv) the Thomas precession QT related to the angu[ar defec’c due to the Loventz
boost.

The last ’cwo ‘cerms are ovders of magmtude smaller than the ﬁrst two so they can
be neglected in our system. |

Torino - May 26,2016 «Testing Quantum Gravity» A.Porzio
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, GINGER
Re quirements for LT measurements

*3D reconstruction 'of the angular rotation vector
*scale factov stable to1 part over 10™

'Pelfect orientation of the ring (nrad) is not necessary.
Only the relative orientation is Vequired at nrad level

*A clear view on the limit sensitivity
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Redundancy and 3D GINGER

*1n order to reconstruct the whole angular rotation vector
at least 3 gyros are necessary

* the angle between the 3gyros has to be known with the Vequured
precision

*With 4 rings the systematics of the laser can be studied

* The measure is aﬁ%cted on many technicalmnoise sources

S éackscafz‘erm(gj /aser/p/asma aj/nam[cs, geomez‘r[ca/ﬁcz‘ors, local vibrations eftc. elc.

* Allows the s’cudy of the Systematics of the array

(reconstruct the angulav ve oaty vector wdh d ﬁerent
combination of rmgs

A. Porzio
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A 3D ring — the octahedron GINGER

" * three large square rings (6-10
* meters) can be allocated along the
octahedron edges

* cach mirror will sustain two
cavities (6 mirrors fovm three
cavities)

*when the 3 rlng—laser cavities are
ON, the relative angles between
diﬁferen‘c rings should be go°

A. Porzio
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Subtracﬂng the kinematic term GINGER

* Subtract the measurement from IEARS (International
Earth Rotation System)

*]EARS Oigives da'dy the Earth rotation rate with the respect
to fuxed stars (by VLBI)

*With 2 array located at different latitude it is possib le to
avoid the use of the TERS data

. Pavtnersh'qo with G ermany is crucial

* ROMY, 4 rings are in construction in Baviera. It is an ERC
project, (ts ﬁvst stage (s focused on seismo logy; buta second
impfroved array is planned

°*Gis alféady reliable as a TERS data station -

A. Porzio



The path to GINGER — State of art  ciesr
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What to do to improve sensitivity — GINGER

To come aﬁer suitable nvestigation

* Nrings

* Passive rings? vs gyro laser

* Increase size and Q (cavity

quality factov)

* ]ncreasie P (circulaﬁng powev)

* Tncrease duty cycle (t
measurement time)

A.Porzio
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Limiting sensitivity estimation GINGER
SHOT NOISE

CONTRIBUTIONS (SNL)

28.3 prad/s/sqrt(Hz) for 4m

12.0 oo seans om

T2 T SOOI AU 7m

T3Q0ereodrrsessesseigesssadoarsansensssens 8m

LBerereDeeednseraressradingrrnenserass 10m
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Increasing measurement averaging times aincer

One Day res idual NOTE: it would be necessary

14.2 prad/s /Sqrt(Hz) for 4m to subtract all the known
- , signals, and avoid tele-

0.3 . drrrerrerssrssserssssssersasieoies 6m >
seismic events
7 G TS ORI R 7m
More average
........................................... 8m
3 ®1year divide on 19
L odeeerNerrenerenigrssberssassasens 10om |
®2years......rinnns 27
°5 YeAVS.ciiiivunnniiinrinnss 43
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Will GINGER measure LT @

GINGER

310 rad/sqrt(Hz)/s (7min ~ ® 8m array would do 1.1% in 3
side rings, ~ 3 times the SNL)  years

v each day 50% ' ® 4-ring 10m side in one day
e year 2.6% would measures LT with
8%!

v five years 11%

A. Porzio



Tech requirements

*Scale fac‘cor ha to be known

within 1 part over10 '

* The same holds true for the
different rings relative
orientation (known at the
nrad level)

°An MV[O[CVgV OMV[O[ locaﬁon

would reduce the swface
noise

<

GINGER
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* wind load
* tides

* top soil motion
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The scale fac‘cor

* Scale Factor depends on the ratio
area A over perimeter P

* An hetero-lithic solution, like
GINGER requires the active
control of the Scale Factor

* Distances between mirrors can
be measured by external

metro [ogy (on goz’ng)

* ]fthe two ring diagona[s are
equa/ the geometri‘cal errors scale
quadraﬂcaﬂy instead of ['meavly
in the mirror position and tilﬁng

<

GINGER
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On the route to GINGER - GINGERino  chesa

* A 3.6m ring cavity inside LNGS

° A high sensitivity for Earth rotation

measurement

* Rotational noise of a deep
underground stte

* Site validation fov GINGER

A. Porzio



GINGERIno sensitivity GINGER

Class. Quantum Grav. 33 (2016) 035004 W Z Korth et &

MIT Optical G (Ezeliel, 1981)
G-Ring Lasor Gyro (Schreiber, 2012)
Commercial FOGs (Lloyd, 2013)
Laser FOG (Chamoun, 2014)
U-Wash Beam Balance (2014)

CIT Beam Balance (2014)

G-Pisa Laser Gyro (2012)

Caltech Optical Gyro (2014)
Navigation grade gyros

Atom interferometer (Durfee, 2006)
Superfluid He (Schwab, 1997)

LIGO Requiremants (Lantz, ot al,, 2008)
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GINGER inside LNGS? @

*Node B, Lf available, could
be well isolated ﬁrom
environmental noise, but
not larger than 7 (8) m
side, with a suitable choice

of’che geometry
* Hall B, Lf available, rings up

to 1om side could be
realized. In this case the

north part should be
prefevable and isolation

should be carefﬁ“y studied

A. Porzio
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Tech shra’cegies | GINGER

*Ring )constmcted very close toa Vegular square ring (~ pm
error

* Error signals
* the two diagonals cavities and external metro logy

° S'mgle Veference solution
‘ ﬁx the length OcEf the two diagonals of the square. Other possibi[ities
4

are under stu

* Actuators

® mirrors moved on PZT transducer

o Tempe‘ramre and pressure controlled environment necessary
in order to reduce the required control bandwidth.

A. Porzio



The GP2 prototype AN G@,NGER
ol *A16m square ring oriented

along the Erath rotation
axes (max of Sagnac signal)

| * A test bench fov control and
~ operating (laser dynamics)
strategies |

* Accessible linear diagonal -
cavities for diagnostics and

controls |

A. Porzio



Geometry control strategy GINGER

perirﬁé!é‘kfg N the two diagonals fovms

linear opﬂcal cavity

* the leng’th of these two cavities
are a goo&/ observable for
contvo“ing the geometry of
the ring

*if the diagonal are equal (it is

easible at the subnm level!!!)
all the noise contributions to
the total noise ﬁrom the
mirror position and
orientation become quadraﬁc

A. Porzio
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(Inconclusive) Conclusions GINGER

*The road to GINGER has been designed but it has to
travelled...

*A clear plan will be ready by late 2016 early 2017

*Technical issues have been mos‘c[y idenﬁﬁed
(hopefully!)
*suitable strategies to foﬂow...

* two prototypes are currently operated for preliminary
studies:
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GINGER

Happy Brithday BEPPE



