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Use case for smart baffle

• Sensors on 1064 nm (IR)

• UHV (10-9 mbar)

• No active cooling possible 

• Solid against baked out  (100 C)

• Reflectivity less than 0.5%

• Total scattering under control

• Limited RO cabling  ! wireless RO

• Negligible induced  EM noise near mirrors

• ……

• Efficient pre-alignment of ITF  

• Dynamic mapping of mirror surfaces

• Monitoring of developing laser high modes

• Correlate with ITF glitches   if DAQ is fast enough
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Conceptual Design
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Photo-sensors located behind plate


• Super #8 polished SSL  304L  + AR coating (< 0.5% reflectance) 

• Number of sensors 76 (38 in each 1/2 baffle)

• Sensors mounted in large PCBs

•   Sensors active area 0.49 cm2

• Light reaches sensors through conical (12o) 

      holes of 4 mm of diameter (in the polished side)

! Avoid  scattering in edges and hide PCB from light

! Knife like edges in holes and inner aperture (RoC of 10 microns)


Optimask (France)



New Hamamatsu Sensors

Thanks to 2-years long R&D with Hamamatsu we developed Si-based sensors 

UHV compatible and with a reflectivity of about 1.2% - 1.8% reflectivity (v3 sensors)

! First attempts to reduce to < 1 %  led to non-linearity and slower sensors  (v4 sensors) —> could be used but we selected v3 

! Attempt for v5 sensors with reduced TIS and special treatment of packaging ceramics did not converge……future ?

@ IO Madrid

@ IFAE

@ IFAE @ IFAE



Electronics
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PCBs

• Made of polyamide with a gold cover 


• Custom shape to keep weight to minimum 
(100 g x 2 PCB boards)


• One PCB per half-baffle, connected with 
two coaxial connectors


• Reduced number of components in each 
PCB


• Single polarization level 3.3 VDC and total 
consumption < 2.5 W

4.6 μW per ADC count



Readout & DAQ
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38/76 sensors

800 Hz

(1 channel)

2 Hz (integrating 55 samples)

We ha sampling rate of up to 800 Hz —>  2 Hz readout rate integrating ~55 samples

! Faster readout (1kHz)  considered for large baffles


8 ADC per board incorporating temperature measurements (see plot for 5 days)




First Integration test @ EGO 

A first (successful) integration test with the 

new IMC payload took place  in October 2020


! Indicated the perfect balance of the mechanics

! Certified the integration with electronics and connections

! Indicated the real integration @ vacuum tower would be smooth



Credit: VACUUM DEPT@ CERN



Installation @ IMC end mirror (April 2021)



Instrumented baffle @ Virgo (2021 - now)

The installation of the first instrumented 
baffle in Virgo has demonstrated that the  
active monitoring of the stray light at the core

optics of interferometers is feasible 


O. Ballester et al., CQG 39 (2022)  115011 


 3 years of stable operation 

with no degradation of cavity observed

Comparison with

SIS simulations of IMC


Confirmed sensitivity

to mirror maps 


Running 24/7 stable 11



Long publication and EGO STAC

From  EGO and Virgo June 2021 

Scientific and Technical Advisory Committee Report: 


 “The instrumented baffles have been installed. 
This can provide very useful additional data on 
the scattering from the optics, providing 
feedback to the mirror polishing and coating. 
This will be useful not only for O4 and O5 but 
also to plan for next-generation observatories 
(ET and CE) to refine the mirror requirements."


M. Andres-Carcasona et al.,  Phys. Rev. D 107, 062001 (2023)



Large baffles

• In the framework of large mirrors (100kg) 

• New instrumented baffles being produced

– 120 sensors distributed in 5 rings

– New DAQ at 1kHz  / serial + wireless readout

– Further Improvements on material  (starting from 316L super #10 polished)

– Encapsulation of the FE electronics [no line of view between FE and mirror]

– Further steps adopted in cleaning process (in house and also in industry)

– Dedicated EMI scans to prevent any EM interference with nearby controls

– Non-instrumented backside baffles produced and stored in coffins with N2

Much bigger than IMC

(35 cm  ! 80 cm)

80 cm 



Simulations for Large Baffles

A. Macquet et al., Class. Quantum Grav. 40, 077001 (2023) 
In close collaboration with H. Yamamoto (Caltech)

Nominal configuration

Mis-aligned configuration (0.8 micro rad)

Mirrors with point absorbers

Using SIS simulations we showed the potential of instrumenting baffles

• Pre-alignment of the optical cavity 

• Detection of point absorbers in the mirrors

• Large sensitivity to mirror optical characteristics (scattering, surface roughness)

• Correlation with glitches —> 1kHz readout + adapted DAQ gains / ring
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Production readiness  

• Baffle mechanics is essentially ready 

• Final cleaning process taking place @ IFAE and in industry


• Coffins for baffle preservation are being produced @ IFAE


• Optical coating : Considering the possibility of Black-Nickel 


• Final version of PCBs are being produced  

• Mounting Si-sensors @ IFAE


• PCBs sent to CERN for extra cleaning 


• In parallel we are concluding the UHV certification @ CERN


• In parallel a separate campaign for UHV certification @ EGO


• EMI scan in industry @ IFAE campus


• Final calibration campaign of photosensors is being launched 

• Sensor by sensor calibration in optical setup @ IFAE


• DAQ and Slow Control system is being finalised 



Revisiting installation plans 

The installation of large mirrors is now being postponed 

(post-O5 operation) 


Ongoing conversations in Virgo to install the instrumented 

baffles at the entrance of the ETM towers instead of existing passive one


—> Same performance in terms of light exposure  

—> Further reduced risks  (away from the mirrors)

—> Installing following the same approach as the cryobaffles

—> Springs to dump tube vibrations  —> evaluating it.

—> Feasible without drastic interventions in cryotrap / arms


—> Instrumented baffle will be supplied with a passive  backside

baffle suppressing / deflecting scattered light from the nearby mirror


—> If confirmed we will enter into the production of 1+ more baffle
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ETpathfinder
A collaboration established with Etpathfinder @ Maastricht


! IFAE redesigned the cryo-shielding [paid by Nikhef]

! IFAE will contribute to its installation in 2024


! Pre-alignment & monitoring of the mirror surface

     (instrumented baffle with sensors for λ =  1550  nm )

     (Existing sensors at 1064 nm already in place)

Slide from last Nikhef SAC Meeting

Funds requested to initiate an R&D on  
coated 
InGaAs sensors @ 1.5 microns 

Idea is to put two small baffles at the 
tower entrance equipped to 8 - 12 
sensors  facing the  mirrors @ 10 m 
distance 

Ongoing simulations to determine 
light power  received by the sensors



Final notes 

• Starting now detailed ET simulation of 
pre-alignment @ cavity + mirror defects 
vs signals on baffles  as done for AdV+


• We look forward for extending our work in 
ET  to  CE  —> would justify an extended 
stay in USA this year (Marc) paid by our EU 
project.


• Happy to share our R&D progresses

ET highlight talk by Marc Andrés




