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L=1.6 m

L= 6m

free geometry

equal absolute diagonal lengths

10-6 m

10-7 m

Strong improvement in the stability is expected!

Geometry control via  interferometry

'Perfect rigidity' can be obtained by locking internal degrees of freedom: 
 

2 diagonals + cavity perimeter

Geometry control strategy

R. Santagata  et al. (2015), Class. Quant. Grav. 
32, 055013



  

GP2 prototype [INFN Pisa]

Side length 1.60 m

Ring cavity Q 5 x 1011

Diagonal cavity Q 109

Orientation Max signal

Sagnac fr. (earth) 184 Hz

Belfi J. et al. Class. Quant. Grav. 31, 
(2014)



  

GP2: Optical 
setup



  

Reference Laser setup



  

Multi-resonator stabilization 
Control IDEA

Lock  opposite mirrors distances 
   (diagonal Fabry-Pérot ITFs) [(E1,E5), E2]

Optimize the residual 4 quadratic  d.o.f.  
[E3(-), E4(-), E5(+), E6(+)] the looking at  
the perimeter length

E1
E2

E3 E4

E5
E6

Deformation quasi-normal modes

Reference laser 



  

Perimeter measure and control system 

PC Bandpass active filter gain 20dB
Filter width 9kHz, center 6kHz

Mixer

Local oscillator
~140.55 MHz

Avalanche 
photodiode

Buffer

Transimpedance 
amplifer

Ring corner

3FSR

TCXO

Temperature Compensated 
crystal Oscillator

*

*

DAC 
ADC



  

Perimeter stabilization 



  

Diagonals measure and control system 

Lock-in

Reference
Laser

EOM

PC SUM
Corr.

Err.

R1

R2

T2

T1

Corr.

ADC-DAC

BUFFER

Mon.



  

Perimeter and Sagnac while diagonal stabilization 

Sample rate acquisition signals 5Hz
 
Sample rate acquisition temperature 1Hz



  

Coparison Sagnac signals with different lock 



  

Diagonals absolute length measurement system 

Reference
Laser

EOM

PC

SUM
Corr.

R1

R2

T2

T1

Corr.

ADC-DAC

BUFFER

Mon.

SUM

SUM1

Dual Lock-in + PID
Corr.

Mod.
10 MHz

VCO

Counter

~199 MHz

Mod ~200 kHz



  

Double dual-frequency Lock-in detection



  

Diagonals absolute measurements

*

#

*

*

#

2 days of acquisition 1Hz sampling

~3 hours of acquisition  1Hz sampling

Estimated 
by Producer

Estimated by
perimeter length



  

Center error

* 2.264263 0.000002

# 2.264335 0.000002

* 2.2632585 0.0000007

# 2.263176 0.000004

Diff * 0.0010041 0.000002

Diff # 0.001158 0.000006

displacement -0.000072 0.000004

displacement 0.000082 0.000005

Diagonals absolute measurements
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