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The Curse of Turbulence

In Space On Ground
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Limited by diffraction Limited by turbulence
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Adaptive Optics (AO) System in a nutshell…

AO 
loop
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Adaptive Optics (AO) System in a nutshell…
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Wavefront Sensors:

dynamic/linearity range

Shack-Hartmann WFS (SHWFS) Pyramid WFS (PWFS)

sensitivity

Credit: B. Hean Pui et al 2005

Credit: The Optical Society
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Credit: PadovAdOpt/Mike PanCredit: PadovAdOpt/Mike Pan
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Linearity of the Pyramid WFS

PyWFS response curve for a given spatial frequency 𝜙i
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How to increase linearity? Modulation!
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Credit: PadovAdOpt/Mike Pan
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How to increase linearity? Modulation!

But Modulation…

▪ Decreases sensitivity

▪ Achieving loop speeds > 1 kHz difficult
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How to make 
unmodulated Pyramid 

WFS work?
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Our solution:

Linearity range increases proportional to wavelenght.
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λ = 1400 nm

(turbulence  
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So for RISTRETTO we use…

Infrared Unmodulated Pyramid WFS  
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Tests in Lab
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Laser

Pupil stop SLMPolarizerCamera
Pyramid

Beamspliter

Focal-plane 
camera
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Tests in Lab

Laser

Pupil stop SLMPolarizerCamera
Pyramid

Beamspliter

Focal-plane 
camera
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Wavelength = 1400 nm

Seeing = 2”

Loop speed = 1kHz
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On Sky Tests!
Observatoire de Haute Provence (OHP)



MUSKAN
SHINDE

20.01.2026 20

PAPYRUS bench 

• Visible Pyramid WFS

- Modulated

- 4-sided

• Infrared Pyramid WFS

- Unmodulated

- 3-sided

Credit: Angelie Alagao/LAM

Visible PWFS path

IR PWFS path
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The Infrared PWFS @ PAPYRUS bench

Credit: Nicolas Blind

IR PWFS
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AO system calibration

PWFS camera
PSF Camera
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Closed AO loop On Sky!

PWFS camera

PSF Camera
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Encircled energy : 68.87% Encircled energy : 34.08%

Closed loop PSFs

Encircled energy: 1.65%

(without AO correction)

(with AO correction)
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Key Takeaways

• Unmodulated Pyramid WFS is highly effective for measuring atmospheric turbulence.

• Operating in the infrared provides the advantage of increased linearity of the sensor.

• We successfully closed the loop on sky using an unmodulated infrared Pyramid WFS.

• On-sky performance of the infrared unmodulated PWFS was nearly a factor of two better than the

visible modulated PWFS under same conditions.

Email: Muskan.Shinde@unige.ch
LinkedIn: www.linkedin.com/in/muskan-shinde-097334190/

mailto:Muskan.Shinde@unige.ch
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Thank you!
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Primary science goal: reflected-light spectroscopy of 

nearby exoplanets in the visible regime

Driving science goal: atmospheric characterization of 

Proxima b

Design requirements: 
• Raw contrast < 2x10-4  @ 37 mas (~ 2 λ/D @    750nm 

at VLT)
• Strehl ratio > 70% in the visible
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RISTRETTO: a high-contrast high-resolution spectrograph
Proxima Centauri

Proxima b
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RISTRETTO AO Requirements

▪ Strehl ratio > 70% in at 730nm for JHMag < 10

▪ Wavefront error below 10nm RMS in 3 cycles for Prox Cen or

brighter stars

▪ Contrast < 10-2 up to 0.4" (20 λ/D)
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How to increase linearity? Modulation!

But…

▪ Decreases 

sensitivity

▪ Achieving loop 

speeds > 1 kHz 

difficult

Credit: Yao et al. 2015
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Infrared PWFS (> 1400nm)

▪ unmodulated PWFS

▪ extended dynamic range

▪ less optical gains 

▪ less cross-talks

4-sided PWFS

3-sided PWFS
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RISTRETTO AO Architecture
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Wavelength = 1400 nm

Seeing = 2”

Loop speed = 1kHz

Closed Loop test
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3-sided IR PWFS vs 4-sided VIS PWFS 

The encircled energy for PSFs with 3PWFS is 1.65 ± 0.32 times 

higher than the 4PWFS on average.


