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Gyroscopes	  IN	  GEneral	  Rela;vity	  
Lense	  Thirring	  effect,	  on	  Earth,	  1%	  precision	  
Ring	  laser	  measures	  absolute	  angular	  velocity	  

(Sagnac	  Effect)	  
	  



LAY	  OUT	  OF	  THE	  TALK	  

•  A	  bit	  of	  history	  
•  The	  present	  situa;on	  
•  GINGER:	  the	  main	  problems	  and	  the	  proposed	  solu;on	  
•  GINGERINO	  
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Sagnac	  Effect	  
and	  basic	  of	  ring	  
laser	  

26/10/2017	  
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h?ps://www.youtube.com/watch?v=-‐HzmxW3Jll8	  

Industry	   i s	   ac6ve	   in	  
developing	   RL	   since	   more	  
than	   50	   years,	   especially	  
for	  naviga6on,	  submarines	  
and	  drones	  



•  Large	  frame	  ring	  lasers	  are	  top	  sensi;vity	  devices	  to	  measure	  
absolute	  angular	  velocity	  

•  Rou;nely	  they	  measure	  tens	  of	  pico-‐rad/s,	  present	  record	  
10-‐13	  rad/s	  in	  1	  day	  

•  Very	  low	  frequency	  measurements	  are	  of	  primary	  importance	  
for	  geophysics	  and	  geodesy,	  for	  this	  reason	  2	  installa;ons	  
have	  been	  realized	  in	  Germany	  (G	  and	  ROMY)	  
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GEODESY	  
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Seismology	  built	  and	  on	  



GINGERINO:	  SOME	  DATA	  WILL	  BE	  SHOWN	  AT	  THE	  END	  OF	  THIS	  TALK	  
	  
LET	  US	  DISCUSS	  NOW	  THE	  TEST	  OF	  GR,	  THE	  LENSE-‐THIRRING	  EFFECT	  AT	  1%	  
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GINGER	  à	  FUNDAMENTAL	  PHYSICS	  



THE	  GR	  TERMS	  
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The	   deSi?er	   and	   LenseThirring	   terms	   are	   equivalent	   to	   an	   extra	   rota_on	   9-‐12	   orders	   of	  
magnitude	  below	  the	  Earth	  rota_on	  rate	  

A.	  Tartaglia,	  A.	  Di	  Virgilio	  et	  al.	  Eur.	  Phys.	  J.	  Plus	  (2017)	  132:	  73	  



The	  probe	  is	  a	  vector	  which	  can	  be	  oriented	  at	  will	  
The	  quan_ty	  to	  measure	  is	  the	  angular	  rota_on	  vector	  
The	  output	  is	  the	  scalar	  product	  between	  the	  two	  vectors	  
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S	  	  	  	  	  geometrical	  scale	  factor	  	  
	  n	  	  	  	  	  	  area	  versor	  
Beat	  frequency	  Scalar	  product	  n	  .	  Ω



The	  measurement	  of	  the	  Lense-‐Thirring	  effect	  implies	  to	  measure	  
the	  modulus	  of	  the	  Earth	  rota;on	  rate	  with	  an	  accuracy	  1	  part	  in	  
1012	  and	  subtract	  the	  measurement	  done	  by	  IERS,	  which	  contains	  
the	  only	  kine;c	  term	  
	  
1)  One	   RL	   at	   maximum	   signal,	   with	   an	   angle	   with	   the	   Earth	  

rota;on	  rate	  small	  enough	  
2)  An	  array	  of	  RL,	  but	   the	  angles	  between	  rela;ve	  angles	  must	  

be	  monitored	  with	  prad	  accuracy	  
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Simplified	  apparatus,	  A.	  Di	  Virgilio	  et	  al:	  GINGER:	  a	  feasibility	  study	  	  

2D	  apparatus,	  3D	  adding	  one	  more	  	  ring	  
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•  The	  combina;on	  of	  1	  RL	  at	  maximum	  signal,	  1	  horizontal	  and	  
the	  other	  with	  a	  different	  angle	  outside	  the	  meridian	  plane	  
has	  several	  interes;ng	  features	  and	  it	  does	  not	  require	  the	  
high	  sensi;vity	  measurement	  of	  the	  rela;ve	  angle	  between	  
the	  two	  RL	  

•  The	  RL	  at	  maximum	  measures	  the	  modulus	  
•  The	  combina;on	  of	  the	  two	  RL	  provides	  a	  very	  sensi;ve	  

measurement	  of	  the	  angle	  between	  the	  horizontal	  RL	  and	  the	  
Earth	  rota;on	  axis	  (this	  makes	  feasible	  the	  study	  of	  polody)	  
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EXPERIMENTS	  ON	  GOING	  IN	  ITALY	  

•  Scale	  factor	  control,	  control	  of	  the	  geometry	  GP2	  

•  Observa;on	  of	  the	  perturba;ons	  affec;ng	  the	  underground	  
laboratory	  of	  LNGS	  
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	  G	  IS	  MONOLITHIC,	  OUR	  PROTOTYPES	  ARE	  HETERO-‐LITHIC	  

•  Long	  term	  stability	  and	  control	  of	  the	  geometry	  of	  the	  ring	  is	  
the	  key	  point	  	  

•  We	  have	  found	  a	  suitable	  control	  strategy,	  which	  is	  under	  test	  
with	  the	  prototype	  GP2	  in	  Pisa	  
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GP2: Optical setup 

Diag1 

Diag2 
Perimeter 

Rotation 

A.	  DI	  VIRGILIO,	  QFC2017	  PISA	  26/10/2017	  



26/10/2017	   A.	  DI	  VIRGILIO,	  QFC2017	  PISA	  



GINGERINO	  
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•  GINGERINO	  has	  already	  proved	  that	  underground	  laboratories	  
provides	  very	  high	  thermal	  stability	  and	  quiet	  environment	  

•  It	  is	  now	  working	  in	  a	  con;nuous	  basis	  to	  provide	  data	  to	  
geophysics	  
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TYPICAL	  SENSITIVITY	  



BEST	  ALLAN,	  WITH	  PARTICULAR	  CARE	  IN	  SELECTING	  THE	  DATA	  
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26/10/2017	  

GINGERINO	  CAN	  DETECT	  VERY	  HIGH	  ANGULAR	  ROTATION	  SIGNALS	  
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M8!	  
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CONTINUOUS	  DATA	  TAKING	  	  
SINCE	  MAY	  3	  2017,	  DUTY	  CYCLE	  >	  97%	  

	  

Pizzoli	  M3.8,	  June	  9,	  2017	  
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RING	  LASER	  AND	  GEODESY	  

•  The	   top	   sensi;vity	   ring	   is	   the	   Gross	   Ring	   G	   at	   the	   geode;c	   sta;on	   of	  
We^zell	  

•  The	  main	  purposes	  for	  geodesy	  are	  the	  daily	  and	  subdaily	  varia;ons	  of	  the	  
length	  of	  day	   (LOD)	  and	   the	  earth	  axis	  varia;ons,	   two	  open	  ques;ons	  of	  
the	  geodesy	  
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Gross	  ring	  G	  We?zell	  



CONCLUSIONS	  

•  Large	  frame	  ring	  lasers	  are	  based	  on	  a	  mature	  technique	  	  

•  high	  sensi;vity	  and	  long	  term	  stability	  make	  RL	  able	  to	  inves;gate	  the	  very	  
low	  part	  of	  the	  spectrum,	  providing	  remarkable	  	  measurements	  for	  general	  
rela;vity,	  geodesy	  and	  geophysics	  

•  They	  can	  measure	  locally	  	  global	  quan;ty	  

sensi;vity	  &	  stability	  	  
key	  points	  to	  access	  very	  low	  frequency	  signals	  

Underground-‐Stability	  	  
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