
SAGNAC	  GYROSCOPE	  AND	  FUNDAMENTAL	  PHYSICS	  
Angela	  Di	  Virgilio,	  INFN	  sez.	  Di	  Pisa,	  Italy	  

•  Ring	  laser	  and	  the	  experimental	  problem	  of	  the	  Lense-‐
Thirring	  measurement	  on	  Earth(GINGER)	  

•  The	  measurements	  we	  can	  provide:	  a	  mulB	  purpose	  
apparatus	  

•  Final	  remarks	  
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THE	  SAGNAC	  EFFECT	  
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Impossible	  to	  disBnguish	  among	  geophysics	  and	  fundamental	  physics	  signals	  

Atom	  gyros	  

Tectonic	  plaque	  

ROMY	  62.3m2	  

3	  



SAGNAC	  GYROS	  ACTIVE/PASSIVE	  
RING	  LASER	  GYROSCOPES	  

…THE	  LASER	  DOES	  THE	  WORK	  FOR	  YOU….	  

First	  ESP	  Conference	  on	  
Gravita3on,	  Rome,	  21/2/2019	  

When	  the	  ring	  is	  rota3ng,	  the	  difference	  in	  op3cal	  path	  
in	  the	  two	  direc3on	  is	  translated	  in	  a	  frequency	  
difference:	  	  
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INFN/FUNDAMENTAL	  PHYSICS	  

	  GINGER:	  Gyroscopes	  IN	  GEneral	  RelaFvity	  
Lense	  Thirring	  effect,	  on	  Earth,	  1%	  precision	  

	  
General	  aim	  is	  to	  provide	  measurements	  able	  to	  pose	  

constraints	  on	  the	  parameters	  of	  the	  theories	  
	  

ConfrontaFon	  space/earth	  based	  apparatus?	  
	  
	  

INFN	  Sec6ons:	  Pisa,	  LNGS,	  Legnaro,	  Napoli	  and	  Padova	  
Department	  of	  Physics	  of	  Pisa	  (condensed	  maLer	  and	  applied	  

physics)	  
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THE	  GR	  TERMS	  
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The	   deSiSer	   and	   LenseThirring	   terms	   are	   equivalent	   to	   an	   extra	   rotaFon	   9-‐12	   orders	   of	  
magnitude	  below	  the	  Earth	  rotaFon	  rate.	  

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

deSiSer	   Lense	  Thirring	  

measured	  by	  IERS	  
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2017	  PAPERS	  DEFINES	  THE	  REQUIREMENTS	  FOR	  GINGER	  
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Highlighted	  by	  springer	  and	  eurekalert	  

Highlighted	  as	  ‘Change	  the	  World’	  

The	  most	  pres6gious	  Repubblica	  e	  Nature	  
	  
For	  example:	  	  
General	  relaBvity	  Going	  underground	  
Luke	  Fleet	  Nature	  Physics	  volume	  13,	  page	  321	  (2017)	  
	  
Europhysics	  news	  
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NODE	  B:	  	  
	  	  	  	  close	  to	  GINGERINO	  
	  	  	  	  can	  be	  well	  isolated	  
	  
	  	  	  	  narrow	  place	  
	  	  	  	  work	  necessary	  to	  reduce	  humidity	  
	  
	  	  	  	  	  HALL	  B:	  	  
	  	  	  	  large	  area	  	  
	  	  	  	  already	  prepared	  from	  several	  points	  of	  view	  
	  	  	  	  	  
	  	  	  	  IsolaFon	  necessary	  
	  	  	  impact	  of	  man-‐made	  disturbances	  must	  be	  
invesFgated	  
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•  The	  RL1	  at	  maximum	  signal	  is	  the	  best	  solu3on	  to	  
measure	  the	  amplitude	  of	  ΩT	  (η	  parallel)	  

•  RL2	  provides	  redundancy	  and	  the	  link	  between	  the	  
angle	  ΩT	  and	  the	  local	  ver3cal	  or	  horizontal	  plane.	  It	  
could	  be	  ver3cal	  or	  horizontal	  

•  Linking	  RL2	  with	  the	  	  local	  common	  reference	  (ver3cal/
horizontal)	  the	  angle	  α	  can	  be	  measured	  (η	  
perpendicular)	  

•  One	  RL	  with	  area	  versor	  outside	  the	  meridian	  plane	  
should	  be	  added	  in	  a	  second	  3me.	  This	  requires	  to	  
measure	  the	  angles	  with	  respect	  RL2	  
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WHAT	  GINGER	  DELIVERS	  

•  VariaFon	   of	   the	   earth	   rotaFon	   rate	   with	   relaFve	  
precision	  ~	  10-‐9-‐10-‐12	  

•  VariaFon	  of	  the	  rotaFon	  axis	  (local)	  
•  Lense	  Thirring	  1%	  comparing	  with	  IERS	  data	  

•  Other	  measurements	   connected	   to	   the	   sidereal	   day	  
modulaFon	   are	   feasible	   (for	   example	   Lorenz	  
Invariance)	  	  
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MOREOVER…	  

•  LenseThirring	   constrain	  parameters	  of	   the	  EGT.	  Capozziello,	   Lambiase	  et	  
al.	  ,	  Phys.	  Rev.	  D	  91,	  044012	  (2015)	  

•  Angelo	   Tartaglia:	   link	   between	   the	   gravitomagneFc	   measurement	   (i.e.	  
angular	  moment)	  and	  the	  Dark	  MaSer	  A.	  Tartaglia,	  in	  General	  Rela6vity	  and	  
Gravita6onal	   Physics,	   AIP	   Conference	   Proceedings,	   751	   ,	   136-‐145,	   (2004)	   	   A.	  
Tartaglia	  et	  al.,	  Gen	  Rel.	  Grav.,	  50-‐9,	  	  1-‐22	  (2018)	  

•  Lorenz	  invariance	  tests	  feasible	  with	  GINGER	  

•  High	   sensiBvity	   (~nrad/s)	   inerBal	   sensors	   are	   very	   important	   to	   improve	   the	  
performance	  at	  LOW	  FREQUENCY	  of	  the	  GW	  antennas	  

•  	  inerBal	  plagorm	  in	  general	  
•  Seismology	  and	  geophysics	  in	  general	  

……..SENSITIVY	  IS	  NEVER	  ENOUGH!....	  
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	  PROTOTYPES	  ARE	  VERY	  USEFUL	  TO	  IMPROVE	  THE	  DESIGN	  

AND	  THE	  COMPREHENSION	  OF	  THE	  INSTRUMENT	  
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take	  data	  and	  
compare	  with	  
model	  of	  the	  
mechanics	  

take	  data	  and	  
compare	  with	  
model	  of	  the	  
ring	  laser	  
dynamics	  

looks	  for	  
known	  signals,	  
polar	  mo3on	  
and	  Chandler	  
Wobbler	  

evaluate	  
residuals	  

improve	  the	  
mechanics	  
improve	  the	  
data	  analysis	  
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MAIN	  LIMITATION	  FOR	  SENSITIVITY:	  
BACKSCATTER	  NOISE	  

•  Laser	  dynamics	  is	  not	  linear	  and	  backsca`er	  
noise	  is	  the	  main	  limita3on	  

•  Small	  scale	  instruments	  limited	  by	  backsca`er	  
noise	  

•  IT	  IS	  A	  PROBLEM	  FOR	  PASSIVE	  GYROS	  AS	  WELL	  
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GINGERINO	  is	  heterolithic	  
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Laser	  dynamics	  is	  not	  linear	  but	  well	  defined,	  it	  
provides	  a	  lot	  of	  informa3on	  about	  what	  it	  is	  

going	  on	  
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Analysis	  taking	  into	  account	  the	  laser	  
dynamics	  

•  2012:	  Reconstruc3on	  of	  the	  gyro	  signals	  based	  
on	  the	  laser	  dynamics	  and	  kalman	  filters	  

•  2018-‐2019:	  Analy3cal	  reconstruc3on	  of	  the	  
signals	  taking	  into	  account	  the	  laser	  dynamics	  
and	  the	  main	  parameters	  of	  the	  ring-‐laser	  
(cavity	  losses	  µ,	  and	  backsca`er	  light)	  

   ωs0	  	  	  	  ωξ    ωNS	  	  	  ωΚ
   A.	  Di	  Virgilio	  et	  al,	  RLG	  data	  analysis	  taking	  into	  account	  ring	  laser	  dynamics	  

   Shortly	  available	  on	  ARXIV	  
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30	  days,	  t0	  June	  16	  
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30	  days,	  t0	  June	  16	  2018,	  UTC	  00	  

Allan	  expressed	  in	  rad/s	  
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Our	  first	  prototype	  2012	  

Courtesy	  Jie	  Zhang	  
Hurst	  
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GP2	  

GP2	  is	  the	  test	  apparatus	  
for	  the	  geometry	  control	  
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GP2,	  middle	  size	  RLG,	  	  has	  reached	  	  2nrad/s	  sensiBvity	  

h`ps://arxiv.org/abs/1902.02993	  
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CONCLUSIONS	  
•  Gyros	  based	  on	  the	  Sagnac	  effect,	  ac3ve	  or	  
passive,	  are	  very	  powerful	  instruments.	  	  

•  For	  fundamental	  physics	  they	  could	  provide	  
Lense	  Thirring	  tests	  independent	  on	  the	  
gravita3onal	  map,	  and	  in	  func3on	  of	  the	  la3tude	  

•  For	  fundamental	  physics	  they	  could	  also	  acts	  to	  
improve	  the	  performances	  of	  the	  GW	  antennas	  
at	  low	  frequency	  

•  GINGERINO	  and	  GP2	  are	  u3lized	  to	  refine	  the	  
analysis	  taking	  into	  account	  the	  laser	  dynamics	  

•  Highly	  interdisciplinary	  
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