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Why we push to increase the sensitivity 
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INFN-Fundamental Physics 
Research 
 
GINGER- General Relativity test 
on a Earth based laboratory 
 
Improvement at low frequency  
    of the GW interferometric 
antennas 
 



GINGER  The octahedron is a 3D rigid figure 

Experiment G-
GranSasso-R&D financed 
by INFN Group IIà 
Preparation of GINGER 
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Basic of the ring-laser 

S = Seff = (S0+Kbs)              νSagnac = S×Ω cos(θ) + K0-shift 
 



the ring-laser signal in more detail…. 

The ring laser frequency is proportional to the 
kinematical term Ω    and other relativistic terms, 
the two main terms are: 

 
 
 
The equations are very complicated but in 

practice 
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•  Increase the sensitivity 
•  Necessary to know the orientation 
•  Necessary to link Ω and n with high precision (θ) 

•  We measure Ω
•  We know  Ω 
•  We want to know ΩGR 
•  <Ω> is sum of this two terms 

Ω
θn

Ω

ΩGR
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Ring Laser/ Shot Noise Limit 
 

u   
improves quadratically with L (Q & A/p) 

u   
Pout room for improvements 20 nWà 500nW in principle 
feasible? 

u  
shorter wavelength poses several problems (mirrors, 
diffusion etc) 

u Squeezing? 
 

u  Squeezing feasible, but so far never it has been applied 



Increase Sensitivity 

Increase the size L 
Mirror: low loss and the same time high 

transmission 
High transmitted power 
Shorter λ 
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Short Discussion on Mirrors 

Status of the art:  
                 substrates + coating+ care in handling 
Total losses ~ 1-2 ppm 
Transmission should be of the same order at least for 

one of the mirrors 
Characterization of each mirror should help (select 

the best…) 
 
We know how to obtain such mirrors, and 

improvements on mirror quality does not seems 
feasible in the near future 
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In practice 

High sensitivity ring lasers are feasible 
 
Next stepà build arrays and ROMY is the first 

array 

Angela Di Virgilio, 4th IWGoRS, June 2016 



Alignment of the rings 

The sensitivity is not an issue, the absolute and 
relative alignment of the rings is the present 
limitation for the reconstruction of the signals, 
especially for General Relativity tests and  
Geodesy 

 
In the first GINGER set up relative alignment of 

rings determined at nrad precision 
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Some details on our experimental work 

Our prototype 
GP2: the geometry control 
GINGERino, please follow N. Beverini, J. Belfi 

and A. Simonelli for details 
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Our prototypes 

GINGERino/ underground laboratory of 
GranSasso 

GP2, prototype in Pisa 
 
GEMS external metrology, DEI-Padova, Italy 
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Hetero-lithic ring laser and its geometry control 

Basic element of the array 
the control of each ring à 
•    bring the ring close to the ideal square and 
•    keeping constant the length of the diagonals  
•    keeping fixed the perimeter 
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Status of GP2 

Ring laser on and the two diagonals resonating 
(mirrors are suitable for 45o and 90o incidence) 

GP2 has been working continuously for few days 
controlling the diagonals 

 
We hope to complete the test in one year 
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§  relative angle between rings 
 
absolute measurements of mirrors distances (accuracy of scale factor) 
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External metrology, GEMS 



GINGER? 

•  the future of GINGER is at the moment under 
discussion 

•   we are working at a  small array composed of 2 rings 
 
But it should be guaranteed that: 
•   the work on the control of GP2 will be completed (1-2 

years) 
•  GINGERino INFN-INGV, agreement for 3 years at least 

in preparation 
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Evolution of interconnections with 
Gravitational Waves research is not clear 
at the moment 

•  The	  improvement	  of	  the	  GW	  antennas	  at	  low	  frequency	  is	  one	  of	  the	  
present	  issue	  for	  Ligo	  and	  Virgo	  (BH-‐BH	  mergers	  are	  mainly	  low	  
frequency	  signals	  and	  the	  analysis	  in	  the	  high	  frequency	  part	  is	  very	  
difficult,	  since	  it	  is	  regulated	  by	  strong	  GR	  fields)	  

•  Tilt	  meters	  will	  play	  a	  role	  	  (low	  frequency	  disturbances	  and	  
Newtonian	  noise	  subtracGon)	  
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Conclusions 

u Focus of our research:  
ü  heterolithic device/control 
ü As much as possible-Spatial reconstruction of 

the velocity/alignment of the rings 
 
u In the near future it will be clear if an array will 

be financed in Italy 
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Two papers with the analysis of tele-seismic 
events:  
both Love and Rayleigh waves 


