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  No	
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  parts	
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Status	
  of	
  the	
  Art	
  of	
  ring-­‐laser	
  

•  Ring	
  laser	
  have	
  a	
  large	
  applica0on	
  in	
  naviga0on	
  	
  
•  Few	
  large	
  frame	
  rings	
  have	
  been	
  developed	
  for	
  
geode0c	
  and	
  geophysical	
  applica0on	
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  Zealand	
  
J.	
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  1997	
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OUR	
  INFN	
  PROTOTYPES	
  

•  Hetero-­‐lithic	
  mechanical	
  design	
  
•  Stable	
  by	
  control	
  	
  

LONG	
  TERM	
  STABILITY	
  IS	
  OUR	
  MAIN	
  CONCERN	
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Since	
  2008,	
  in	
  collabora0on	
  with	
  U.	
  Schreiber	
  of	
  the	
  GrossRing	
  G	
  
	
  of	
  	
  the	
  Geode0c	
  observatory	
  of	
  WeVzell	
  



What	
  ‘long	
  term’	
  stability	
  means	
  for	
  us:	
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Courtesy	
  U.	
  Schreiber	
  
	
  



Ringlaser/Seismology	
  

•  Colocate	
  one	
  ring-­‐laser+seismometer	
  	
  
•  The	
   simultaneous	
   measurement	
   of	
   ground	
  
transla0on	
  and	
  rota0on	
  	
  

•  dispersion	
   curve	
   of	
   Love	
  waves	
   over	
   a	
   broad	
  
frequency	
   range,	
   from	
   which	
   a	
   local	
   shear-­‐
wave	
   velocity	
   profile	
   can	
   be	
   inferred	
   with	
  
resolu0ons	
   on	
   the	
   order	
   of	
   100	
   m	
   and	
  
penetra0on	
   depths	
   up	
   to	
   several	
   tens	
   of	
  
kilometers.	
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Several	
  INFN	
  experiments,	
  from	
  2008	
  
G-­‐Pisa/	
  G-­‐GranSasso-­‐DS/	
  G-­‐GranSasso-­‐RD	
  
At	
  present	
  G-­‐GranSasso-­‐RD	
  (CommII):	
  
Pisa:	
  J.	
  Belfi,	
  N.	
  Beverini,	
  G.	
  Carelli,	
  A.	
  	
  Di	
  Virgilio,	
  U.	
  
Giacomelli,	
  	
  E.	
  Maccioni,	
  A.	
  Simonelli	
  
LNL:	
  A.	
  Ortolan	
  
Padova-­‐DEI:	
  A.	
  Beghi,	
  D.	
  Cuccato,	
  A.	
  Donazzan,	
  G.	
  
NaleVo,	
  M.	
  Pelizzo	
  
Napoli:	
  C.	
  Altucci,	
  A.	
  Porzio,	
  R.	
  VeloVa	
  
Torino:	
  ML	
  Ruggiero,	
  A.	
  Tartaglia	
  General	
  Rela5vity	
  
theory	
  

26/05/16	
   Angela	
  Di	
  Virgilio,	
  GWADW2016	
  



26/05/16	
   Angela	
  Di	
  Virgilio,	
  GWADW2016	
  

G-­‐Pisa	
  during	
  the	
  installa0on	
  in	
  Virgo	
  



GeSers	
  pumps	
  avoid	
  
	
  the	
  aging	
  of	
  the	
  gas	
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Ring	
  Lasers	
  are	
  Shot-­‐Noise	
  Limited	
  
	
  

•  	
  
sensi0vity	
  inproves	
  quadra0cally	
  with	
  L	
  (Q	
  &	
  p/A)	
  

•  	
  
Pout	
  ,	
  0pically	
  10-­‐20	
  nW,	
  but	
  should	
  be	
  possible	
  go	
  up	
  to	
  
500mW-­‐1mW	
  

•  Typical	
  wavelength	
  633nm,	
  but	
  infrared	
  and	
  green	
  are	
  feasible	
  

•  Squeezing	
  in	
  principle	
  feasible,	
  but	
  no	
  experience	
  so	
  far	
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Sensi0vity	
  depends	
  on	
  several	
  	
  
parameters	
  

•  Wavelength,	
  losses	
  and	
  transmission	
  of	
  the	
  
mirrors,	
  side	
  length,	
  output	
  power	
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Example:	
  	
  4.5	
  total	
  losses,	
  633nm	
  
(other	
  wavelength	
  feasible-­‐infrared	
  

and	
  green)	
  
	
  

Side/power	
   1.	
  m,	
  PSD	
  rad/s	
  1	
  s	
   2m	
  

10	
  nW	
   3.8	
  10-­‐10	
   1.9	
  10-­‐10	
  

50	
  nW	
   1.7	
  10-­‐10	
   8.5	
  10-­‐10	
  

500	
  nW	
   5	
  10-­‐11	
   2.7	
  10-­‐11	
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Bandwidth	
  depends	
  on	
  the	
  ringdown	
  
0me	
  of	
  the	
  cavity	
  

•  Size	
  of	
  the	
  ring	
  and	
  quality	
  of	
  the	
  mirrors	
  
•  Typical	
  value	
  in	
  our	
  prototypes	
  (meter	
  size):	
  from	
  
80µs	
  up	
  to	
  660µs	
  

~1kHz	
  bandwidth	
  	
  
	
  

They	
  can	
  run	
  con6nuously	
  un-­‐
aSended	
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Transportable	
  

Our	
  first	
  prototype	
  G-­‐Pisa:	
  
•  assembled	
  in	
  Pisa,	
  and	
  has	
  taken	
  data	
  in	
  Pisa	
  
•  moved	
  to	
  the	
  VIRGO	
  central	
  area	
  
•  has	
  taken	
  data	
  for	
  several	
  months	
  during	
  last	
  Virgo	
  run	
  
(data	
  stored	
  in	
  the	
  raw	
  data)	
  

•  Has	
  been	
  moved	
  to	
  S.Piero,	
  and	
  has	
  taken	
  data	
  there	
  
•  Has	
  been	
  moved	
  to	
  the	
  GranSasso	
  na0onal	
  lab.	
  And	
  
has	
  taken	
  data	
  there	
  

•  In	
  2015	
  it	
  has	
  been	
  disassembled	
  and	
  the	
  mechanical	
  
parts	
  are	
  now	
  user	
  for	
  the	
  new	
  prototype	
  GINGERino	
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G-­‐Pisa	
  in	
  the	
  Virgo	
  Central	
  Area	
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And	
  ver0cally	
  oriented	
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Low	
  frequency	
  sensi6vity	
  
	
  limited	
  by	
  backscaSering	
  
This	
  noise	
  can	
  be	
  canceled	
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On	
  month	
  of	
  con0nuous	
  Data	
  Taking	
  
with	
  perimeter	
  locked	
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More	
  on	
  G-­‐Pisa@VIRGO,	
  2011	
  

26/05/16	
   Angela	
  Di	
  Virgilio,	
  GWADW2016	
  



26/05/16	
   Angela	
  Di	
  Virgilio,	
  GWADW2016	
  



26/05/16	
   Angela	
  Di	
  Virgilio,	
  GWADW2016	
  



Earth	
  Rot.	
  Rate	
  (7.2921150	
  ±	
  0.0000001	
  )	
  ×10−5	
  radians	
  
Expected	
  Sagnac	
  Freq.	
  155.519	
  Hz	
  

BackscaSer	
  noise	
  dominates	
  below	
  0.1	
  Hz,	
  it	
  can	
  be	
  subtracted	
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Allan	
  Devia6on,	
  G-­‐Pisa	
  in	
  a	
  ‘standard	
  laboratory’	
  2014	
  
implementable	
  on-­‐line	
  

Published	
  
METROLOGIA	
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GP2-­‐	
  1.6m	
  in	
  side	
  
GEOMETRY	
  CONTROL	
  STUDY	
  

necessary	
  for	
  the	
  long	
  term	
  stability	
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GINGERino,	
  the	
  ring	
  laser	
  inside	
  LNGS,	
  
3.6m	
  in	
  side	
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G-­‐LAS,	
  Gyro-­‐Laser	
  Angle	
  Standard	
  
under	
  assembling,	
  0.5	
  m	
  in	
  side	
  

Transportable	
  Goniometer	
  for	
  metrology	
  
INRIM/INFN	
  
Accuracy	
  5	
  10-­‐9	
  rad	
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1

Two	
  papers	
  with	
  the	
  analysis	
  of	
  tele-­‐seismic	
  events:	
  	
  
both	
  Love	
  and	
  Rayleigh	
  waves	
  



Summary	
  
•  Ringlaser	
  with	
  ~	
  1m	
  in	
  side	
  are	
  robust,	
  bandwidth	
  
~	
  1kHz	
  

•  Triangular	
  rings	
  feasible	
  	
  
•  the	
  independent	
  components	
  of	
  the	
  angular	
  
rota0on	
  vector	
  can	
  be	
  measured	
  changing	
  the	
  
orienta0on	
  of	
  the	
  ring	
  (ROMY	
  4	
  rings	
  array	
  in	
  
construc0on	
  in	
  Baviera,	
  ERC	
  Heiner	
  Igel)	
  

•  They	
  are	
  suitable	
  for	
  ‘observatory’,	
  they	
  run	
  un-­‐
aVended	
  

•  Sensi0vity	
  depends	
  on	
  mirror	
  and	
  size,	
  easily	
  
beVer	
  than	
  10-­‐9	
  rad/s/sqrt(Hz)	
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