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Overview
Telescope

AO 2

Optical Lab

fast WFS, locks on star

Slow WFS, locks on blue beacon



The CHARA Science Meeting 2024

AO 3

Next Generation AO and Improved Sensitivity for the CHARA Array 

 

path errors caused by the large optical paths between the telescope WFS and the laboratory as well as 

laboratory seeing.  LAB-AO is equipped with a WFS and an off-the-shelf OKO DM. Figure 3 shows the 

layout of the telescope and lab AO systems. The specifications for each system are given in Table 1. 

There are three dichroic beam splitters installed in a carousel at each telescope that send different amounts 

of light to the WFS. The IR splitter sends a maximum amount of visible light to the Tel-AO WFS for 

optimal sensitivity and transmits a maximum amount of near-IR light to the lab for combination with one 

of the IR combiners. The VIS splitter reflects 20% of the visible light to the Tel-AO WFS and transmits 

80% of the visible light to the lab for combination with one of the visible combiners. The uncoated BARE 

splitter transmits 92% of the light in the visible and IR to the lab for engineering and alignment purposes. 

The first full AO system (telescope + lab) was commissioned on the S2 telescope in May 2020. As of Feb 

2022, full AO has been in routine use for 5 out of the 6 CHARA telescopes. The final DM is being 

          

Figure 3 – Left: Telescope-AO optical table mounted on the side of the S2 telescope. Middle: Schematic 

layout of the telescope AO system. The DM is placed in the M4 position. One of three large dichroic beam 

samplers (BS) sends a portion of the visible light to the WFS. A beacon mounted on the AO table sends light 

to the Lab-AO system and creates a collimated beam of light at 452nm that is reflected from the reverse side 

of the dichroic. This light source can also send light towards a second collimating optic inside the telescope 

for WFS/DM coalignment and calibration.  Right: Lab-AO optics. The blue arrows show the path of the 

beacon light into the WFS, while the orange arrows show the path of the reference source in the lab. The 

spherical mirror used to recollimate the beam after reflecting on the DM is out of the picture to the left. 

 
Table 1: Specifications for Telescope and Laboratory AO Systems 

Parameter Tel-AO Lab-AO 

DM actuators ALPAO 60 OKO MMDM 37 

Size 18 cm 15 mm 

Dynamic range 16 μm 9 μm 

Inter-actuator stroke 4 μm 0.5 μm 

Frame Rate 500 Hz 100 Hz 

Mirror best flat < 30 nm 400 nm 

WFS Camera Andor 897 EMCCD USB CCD 

Lenslet 7x7 6x6 
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Adaptive Optics Calibration

Even illumination of WFS 
 calibration source for TelAO
 blue beacon for LabAO

Centroids positioning
 no vignetting
 

Measuring recontructor
 fast

Flattening the DM
 biggest dynamical range of actuators

Simple steps:

close-loop adaptive optics



The CHARA Science Meeting 2024

AO 5

Adaptive Optics Calibration
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Adaptive Optics Calibration
On sky reconstructors !

Work in progress…
 - sky flats

- the same reconstructor for science and calibrator
- “single button” for operators 
- first test done in February
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W2 deformable mirror

DM sent back to ALPAO             summer 2023

AO 7

25 November 2023
Facebook  announcement 

Installation planned 
5 December 2023

Actuator problems 

But...

ALPAO  – ADAPTIVE OPTICS  – DEFORMABLE MIRRORS

Confidential: parsing or copying this document is forbidden without prior written authorization

ALPAO

1

ALPAO CHARA Week

Bertrand Charlet

March the 12st 2018
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W2 deformable mirror

Your Talk Title Here 8
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W2 deformable mirror
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60%
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W2 deformable mirror
“we have recently 

identified a weakness in 
recently produced 

actuators, the glue has a 
hard time bonding with a 
new type of magnets. ”

February 14, 2014

Your Talk Title Here 10
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Commercial break! 

Your Talk Title Here 11
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New CHARA AO software !

AO 12

Theo ten Brummelaar

image calculated from the
measured phase

phase image
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Take home:
1. LabAO upgrade proposal
2. W2 DM actuators need to be replaced (again)
3. On sky reconstructors 
4. W1 LabAO rebuilt (Feb 2024 by Robert Ligon)
5. New software (by Theo ten Brummelaar)
6. Monitoring AO systems (SPICA)

AO 13
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