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•  Introduction: advanced Virgo 
•  Advanced Virgo optical scheme 
•  Telescopes: global view, goals and challenges 

•  Input (injection system): from the conceptual design to pre-commissioning  
•  Optical design 
•  Mechanics 
•  Mechanical tests  
•  Integration  

•  Dark fringe telescope overview 

•  End transmission (BRT+Gouy phase) telescope overview 

Outline  



Introduction 
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Advanced Virgo optical 
scheme  

•  Dual recycled Fabry-Perot Michelson  

•  Bi-concave arm-cavities 

•  Marginally stable recycling cavities  

•  Compensation plates 

•  Pick-off plate for ITF control 



Telescopes: goals and 
challenges 

dark fringe 
(Output) 

Injection  
(input) 

Suspended and under vacuum 
(remote controlled) 



Advanced Virgo benches  



Injecion bench (input) 
telescope 



Injection system 



Injection bench 



Injection telescope 

x 8.5 

x 2.2  



Alternative configuration 
(reflective) explored 

Space problems 



Optical design 

•  Space constraints  
•  Aberrations – copupling efficiency 
•  Tolerancing vs mechanical costraints 
•  Diffused light   



Meniscus lens 

-  Specification document for each optics (dimensions, surface quality, tolerances…) 
-  Ask offers to several suppliers( ~ 5/6) 
-  Technical readiness review (technical summary) for the choice of the supplier 
-  Tracking control, delivery time (respected or not), surface quality (specification 
respected, impact on the schedule)  
-  Delivery, coating 

Parabolic mirror M1 

Optics purchase / follow-up 



Pre-alignment procedure 
test 



CAO injection Parabolic mirror M1 
(Ø 150mm) 

Parabolic mirror M2M2 (Ø 
30mm) 

Meniscus lens mount 
(Ø 150mm) 

Integration on the injection bench 

Mechanical design/
integration with the bench 



16 

Telescope mechanics 
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Mechanical mounts tests 



f1 = 75 Hz 
Q1 = 40 

f1 = 75 Hz 
Q1 = 40 

f2 = 172 Hz 
Q2 = 20 f3 = 305 Hz 

Q3 = 40 

f2 = 172 Hz 
Q2 = 20 

yaw pitch 

Meniscus 
Lens 

Parabolic 
Mirror M1 

Parabolic 
Mirror M2 

Frequen
cy f1 
Q1 

75 Hz 
40 

116 Hz 
40 

145 Hz 
20 

Frequen
cy f2 
Q2 

172 Hz 
20 

252 Hz 
40 

232 Hz 
30 

Frequen
cy f3 
Q3 

305 Hz 
40 

355 Hz 
20 

331 Hz 
30 

Resonances  



Resonance frequencies 
range (max Q = 40) 

104 

Diffused light projections  



Suspended injection bench 
integration 
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SIB 1 

SIB 2 

EIB 

Laser 
Bench 

IMC 

OMC 

Detection 
Bench 

WI 

WE 

NE NI 

BS 

CP 

CP PRM 

POP 

SRM 

Injection System 



Dark fringe telescope 



Dark fringe telescope  

2 alternative configurations explored 
(reflective / strong lens on SR)  



End bench telescope 



End benches telescope 



End bench 



Implementation inside the  
minitower 


