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local effects in gravitational physics: 
measure the gravitomagnetic effect on Earth 

at 1% by a tri-axial system of ring lasers 



Testing GR  with a  very accurate measurement of 
Earth's rotation rate  

1) from IERS (International Earth Rotation and 
Reference System Service)  system (inertial reference 
frame) 
 
2) from an ultra sensitive Gyroscopes array located 
underground (dragged reference frame) Ω⃗ E

Local rotation 
measurement 

“Inertial-frame” VLBI 
 rotation measurement 

Ω⃗ E '

3-axial 
Ring-Laser 

GINGER (Gyroscopes IN GEneral Relativity) 

Compare two measurements: Quasars 

measure the Earth angular rotation Ω  better than 1 part 109 
 

 sensitivity goal: 10-14 rad/s integrating 1 day  
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Measuring	
  rota-ons	
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Black	
  line:	
  recent	
  data	
  	
  of	
  G	
  We2zell	
  
	
  
Red	
  line:	
  backsca2ering	
  subtrac9on	
  
using	
  our	
  Kalman	
  filter	
  

Sensi-vity	
  very	
  close	
  to	
  the	
  required	
  one	
  	
  
accuracy	
  is	
  an	
  issue	
  
	
  



GINGER:	
  why	
  and	
  how	
  

•  G-­‐WeEzell	
  has	
  shown	
  that	
  locally	
  the	
  Earth	
  Angular	
  velocity	
  can	
  be	
  
measured	
  with	
  accuracy	
  close	
  to	
  1	
  part	
  109	
  

• Necessary	
  improvements:	
  
•  And	
  array	
  of	
  rings	
  in	
  order	
  to	
  measure	
  the	
  whole	
  vector	
  
•  Underground	
  in	
  order	
  to	
  reduce	
  low	
  frequency	
  disturbances	
  
• Main	
  specifica9ons	
  
•  Stability	
  1	
  part	
  1010	
  
•  Rela-ve	
  angle	
  between	
  rings	
  monitored	
  with	
  nrad	
  accuracy	
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Measuring	
  gravitomagne-c	
  effects	
  by	
  a	
  mul--­‐ring-­‐laser	
  gyroscope	
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Use a tri-axial gyro of 3 ring lasers: no absolute orientation 
with respect VLBI reference system is required by comparing 
the modulus of Earth rotation vector. 

  Geometry of the rings must be  
    controlled actively at 1 part in 1010  
      (optical frequency references)  
 
  Rigidity can be obtained by locking  
    internal degrees of freedom:  
    3 diagonals + 3 cavity perimeters  
    (+ external metrology) 
 
  Minimize laser non-reciprocal  
    effects (e.g. L > 6m)  
   + accurate modeling of  non linear  
    dynamics of the laser  
 
  Monitor of relative angle of the rings  
   (external metrology) 

 

GINGER key-issues 
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Proto-pi	
  per	
  raggiungere	
  il	
  goal	
  di	
  GINGER	
  

GINGER(ino)	
  
	
  

GINGERino	
  is	
  a	
  ring	
  laser	
  with	
  	
  
3.6	
  m	
  side,	
  	
  installed	
  inside	
  
	
  the	
  LNGS	
  laboratory	
  for	
  
Geodesy,	
  Geophysics	
  
measurements	
  and	
  to	
  test	
  if	
  
LNGS	
  is	
  a	
  suitable	
  loca-on	
  for	
  
GINGER	
  

GINGER	
  External	
  	
  
Metrological	
  System	
  GEMS	
  
	
  

Based	
  	
  on	
  the	
  interferometric	
  
method	
  developped	
  for	
  the	
  NASA	
  
mission	
  SIM	
  light.	
  	
  
Picometer	
  accuracy	
  	
  required.	
  

GP2:	
  control	
  geometry	
  
	
  

Inject	
  the	
  2	
  Fabry-­‐Perot	
  cavi-es	
  along	
  	
  
diagonals	
  with	
  external	
  laser	
  and	
  
measure	
  the	
  2	
  absolute	
  lengths.	
  	
  
Set	
  them	
  equal	
  by	
  controlling	
  mirrors	
  
posi-ons	
  by	
  means	
  of	
  the	
  6	
  PZT	
  and	
  
search	
  for	
  a	
  saddle	
  point	
  of	
  perimeter	
  

•  We	
  are	
  tes-ng	
  3	
  prototypes	
  to	
  achieve	
  the	
  GINGER	
  goal	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  -­‐	
  SENSITIVITY:	
  10-­‐14	
  rad/sec	
  	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  -­‐	
  LONG	
  TERM	
  STABILITY:	
  1	
  day	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  -­‐	
  ACCURACY:	
  1	
  part	
  in	
  1010	
  of	
  Earth	
  rota-on	
  rate	
  
	
  

•  The	
  3	
  key	
  issues	
  we	
  will	
  address	
  in	
  2016	
  with	
  the	
  3	
  prototypes:	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  -­‐	
  	
  LNGS	
  rota-onal	
  noise 	
   	
   	
   	
   	
  è	
  	
  	
  	
  GINGERino	
  	
  	
  	
  @	
  
LNGS	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  -­‐	
  	
  Stability	
  of	
  geometry	
  by	
  ac-ve	
  control 	
  è GP-­‐2	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  @Pisa	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  -­‐	
  	
  Monitor	
  of	
  rela-ve	
  angle 	
   	
   	
   	
  è	
  	
  	
  	
  GEMS	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  @Padova	
  



GP-­‐2,	
  geometry	
  control	
  prototype	
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•  GP2:	
  sviluppo	
  del	
  controllo	
  della	
  geometria	
  
	
  	
  	
  	
  primo	
  proto-po	
  sviluppato	
  per	
  il	
  controllo,	
  al	
  	
  	
  	
  	
  
	
  	
  	
  	
  momento	
  ha	
  6	
  aEuatori.	
  	
  
Su	
  GP2	
  si	
  stanno	
  facendo	
  I	
  primi	
  esercizi	
  di	
  
controllo:	
  lasera	
  e	
  s-amo	
  allineando	
  le	
  due	
  
cavita’	
  lineari	
  diagonali	
  (una	
  e’	
  gia’	
  funzionante)	
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Stato	
  aEuale	
  i	
  due	
  proto-pi	
  
GINGERino	
  e	
  GP2	
  

•  GINGERino:	
  in	
  presa	
  da-	
  in	
  modo	
  discon-nuo	
  
	
  	
  analisi	
  da-	
  per	
  valutare	
  la	
  bonta’	
  del	
  sito	
  LNGS	
  
(nota:	
  al	
  momento	
  adopera	
  il	
  nostro	
  primo	
  
proto-po	
  G-­‐Pisa,	
  che	
  non	
  e’	
  molto	
  stabile	
  nel	
  
tempo	
  perche’	
  ha	
  specchi	
  ‘sospesi’	
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LNGS-­‐Node	
  A,	
  	
  
polar	
  mo-ons	
  should	
  be	
  observed	
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First	
  step....	
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GINGERino,	
  	
  third	
  step	
  



Angela	
  Di	
  Virgilio,	
  Pisa,	
  July	
  10	
  2015	
  

First	
  signals	
  in	
  December?	
  We	
  hope	
  so,	
  but	
  
we	
  cannot	
  guarantee	
  	
  22-­‐10-­‐2014	
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Sagnac	
  Signal	
  280Hz	
  has	
  
been	
  observed	
  
	
  
Work	
  s9ll	
  in	
  progress	
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12-­‐13	
  June,	
  ac	
  rate	
  1Hz,	
  	
  
data	
  5000Hz	
  reconstructed	
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G-­‐Pisa	
  minimum	
  of	
  the	
  Allan	
  Devia-on	
  

GINGERino	
  spring	
  2015	
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BackscaEering	
  subtracted,	
  	
  
Kept	
  only	
  data	
  with	
  best	
  coherence	
  with	
  backscaEering	
  (	
  30%)	
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Improve:	
  
	
  gain	
  monitoring	
  for	
  the	
  subtrac-on	
  
Short	
  term	
  stability	
  

Time	
  (s)	
  

Re
la
-v
e	
  
pr
ec
isi
on

	
  

About	
  5	
  10-­‐12	
  rad/s	
  



Scopo	
  di	
  GINGERino	
  “validare	
  il	
  sito	
  di	
  
LNGS	
  per	
  GINGER”	
  

•  Presa	
  da-	
  e	
  data	
  analisi	
  	
  
•  Misure	
  con	
  sismometri	
  e	
  -ltmetri	
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Il	
  proto-po	
  G-­‐Pisa	
  non	
  e’	
  par-colarmente	
  stabile	
  



Sagnac	
  signal	
  compared	
  with	
  evaluated	
  backscaEering	
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Tiltmeter	
  1	
  and	
  2	
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EURAM-­‐Calibrazione	
  

•  progeEo	
  ERC,	
  EURAM,	
  un	
  ringlaser	
  dedicato	
  
alla	
  calibrazione	
  assoluta	
  dello	
  strumento	
  

•  CALIBRAZIONE	
  PROBLEMA	
  FONDAMENTALE	
  
DEI	
  RINGLASERS	
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•  Il	
  proto-po	
  ‘eteroli-co’	
  la	
  cui	
  stabilita’	
  e’	
  
basata	
  sul	
  controllo	
  da’	
  il	
  vantaggio	
  di	
  poter	
  
muovere,	
  vibrare	
  etc.	
  gli	
  specchi	
  in	
  modo	
  da	
  
applicare	
  rotazioni	
  note	
  al	
  giroscopo	
  

•  Con	
  ques-	
  movimen-	
  e	
  vibrazioni	
  e’	
  possibile	
  
oomizzare	
  l’allineamento	
  e	
  l’orientazione	
  del	
  
ringlaser	
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Sperimentazione	
  a	
  Pisa	
  2016	
  
•  Necessita’	
  di	
  una	
  nuova	
  sorgente	
  stabilizzata	
  
•  Sperimentazioni	
  sulla	
  scarica	
  e	
  filtro	
  spaziale	
  
•  Sperimentazione	
  	
  sul	
  sistema	
  di	
  read-­‐out	
  con	
  
prisma	
  

•  Studio	
  dell’oomizzazione	
  della	
  geometria	
  e	
  
rela-vo	
  controllo	
  

•  	
  aumentare	
  il	
  numero	
  di	
  aEuatori	
  a	
  12	
  
•  Revisione	
  cri-ca	
  di	
  GP2	
  per	
  realizzare	
  GP3:	
  12	
  
aEuatori	
  e	
  aggiunta	
  del	
  ‘-lt’	
  alle	
  movimentazioni	
  
‘rough’	
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Sperimentazione	
  di	
  GINGERino	
  

•  Tenuto	
  in	
  misura	
  per	
  quanto	
  possibile	
  anche	
  
per	
  I	
  segnali	
  di	
  -po	
  sismico	
  e	
  per	
  eventuali	
  
osservazioni	
  di	
  segnali	
  geode-ci	
  

•  Necessario	
  implementare	
  il	
  controllo	
  del	
  
perimetro	
  

•  Migliorie	
  studiate	
  su	
  GP2	
  potrebbero	
  essere	
  
implementate	
  (oomizzazione	
  scarica,	
  filtro	
  
spaziale,	
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Alcuni	
  deEagli	
  

•  Scarica:	
  forma	
  ed	
  eleErodi	
  
•  Filtro	
  spaziale	
  separato	
  dal	
  capillare	
  
•  Prima	
  per	
  leEura	
  soEo	
  vuoto	
  (la	
  s-amo	
  
sperimentando	
  su	
  RLG-­‐INRIM)	
  

	
  
Costo	
  sperimentazione	
  circa	
  10kE	
  consumi	
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Cos-	
  s-ma-	
  
upgrading	
  GINGERino	
  

•  Traspor-	
  	
  2kE	
  
•  EleEronica	
  di	
  controllo	
  20kE	
  (necessaria	
  anche	
  
con	
  il	
  proto-po	
  aEuale)	
  

•  Consumi	
  vari	
  (ooca-­‐vuoto-­‐prove	
  per	
  la	
  scarica	
  
e	
  leEura	
  Sagnac	
  con	
  prima	
  soEovuoto	
  etc)	
  
20kE	
  

•  Cabinet-­‐cleanroom	
  porta-le	
  	
  20kE	
  (?)	
  
•  Secondo	
  ZURICH	
  30kE	
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GP2	
  

•  2016	
  dedicato	
  a	
  implementare	
  su	
  G-­‐Pisa	
  il	
  
controllo	
  e	
  iniziare	
  ad	
  usare	
  tecniche	
  di	
  
modulazione	
  per	
  oRmizzare	
  l’allineamento	
  e	
  
valutare	
  il	
  fa2ore	
  di	
  scala	
  

•  2	
  specchi	
  +	
  1	
  aEuatore	
  (10kE)+	
  1	
  aEuatore	
  a	
  3	
  
gradi	
  di	
  liberta’	
  (20kE)	
  

•  Nuova	
  Sorgente	
  stabilizzata	
  assoluta	
  90kE	
  
•  Consumi	
  vari	
  (ooca+vuoto+	
  gas)	
  20kE	
  
•  Cabinet	
  a	
  flusso	
  lamonare	
  porta-le	
  20kE	
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missioni	
  

•  Nel	
  2016	
  occorrera’	
  avere	
  piu’	
  scambi	
  con	
  I	
  
colleghi	
  tedeschi	
  50kE	
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Risorse	
  di	
  sezione	
  

•  10%	
  Filippo:	
  adeguamento	
  lab.	
  Di	
  GP2,	
  e	
  revisione	
  
cri-ca	
  della	
  meccanica	
  di	
  GP2	
  

•  1	
  MeseUomo	
  alte	
  tecnologie	
  
•  Contributo	
  di	
  eleEronica	
  sarebbe	
  molto	
  benvenuto	
  
(non	
  e’	
  mai	
  stato	
  esplicitato,	
  ma	
  abbiamo	
  sempre	
  
avuto	
  un	
  supporto)	
  

•  20%	
  G.	
  Terreni:	
  trasferimento	
  da-	
  etc.	
  
•  2Mese-­‐Uomo	
  officina:	
  sviluppo	
  dei	
  test	
  sulla	
  scarica	
  
etc.	
  

•  Piccola	
  percentuale	
  risorse	
  di	
  calcolo:	
  1	
  MeseUomo	
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