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Introduction

e Turbulence in the earth’s
atmosphere makes stars
twinkle

 More importantly, turbulence

spreads out the star light
Turbulence making it a blob rather than a
point

&

| Telescope
J Fuzzy Blob

Even the largest ground-based astronomical
telescopes have no better resolution than an 8" telescope!
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Adaptive Optics
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Adaptive Optics

» Determine the distortions with the help of a natural or laser guide
star and a lenslet array (one method among many). Deviations of
the spot positions from a perfect grid is a measure for the shape of

the incoming wave-front.
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Adaptive Optics
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example for the enormous improvements using AO
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Wavefront Sensor Requirements

High QE for dimmer guide stars (~80% optical QE)

Many pixels in the order of 512 x 512; future large telescopes will
have about 5000 actuators (controlled via 70 x 70 centroid
measurements)

1000 photons per spot to get a 3% centroid rms error with respect to
the stellar image size.

1 kHz frame rate (light integration, readout, calculations, send out

5000 signals and ready for new frame) corresponding to the
timescale of the atmospheric turbulences

Very low readout noise (< 3e’)




Proposal for a New Wavefront Sensor
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Setup for the First Measurements

e A Medipix2 photon counting chip

A matched pair of MCPs:
— Photonis MCPs with 33 mm diameter
— 10 um hole diameters, L/D = 40/1
— low resistivity (~22 MOhms per plate)
— gain was varied between 20k and 200k (1430 - 1680 V)

e Vacuum tank pumped down to ~10 torr
 Hermetic feed-throughs (50-pin connector for Medipix signals)




The Setup at SSL - Photos




The Medipix2 Photon Counting Chip
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Feasibility Tests

06 April 2004

single photon



Investigating the Parameters...

e Spot area [no. of pixels] is a function of
— MCP gain (voltage across MCPs):
decreases with decreasing gain (threshold effect)

— Rear field (voltage between MCP exit and Medipix chip):
decreases with increasing rear field

e Increasing VTH,,, over the available range at MCP gain of ~200k
results in a decreasing spot area size, but the number of spots stays




Flat Fields

 Take image at 50ke gain and 1600 V rear field (~5000 counts/pixel).
Average single spot area: 2.4 pixels




Flat Fields

0.919
Count: 57360 Min: 0.91%
Mean: 1.001 Max: 1.092
StdDew: 0.020 Mode: 1.000 (798
Bins: 256 Bin 'Width: 0.001




Air Force Test Pattern - Centroiding

 The Air Force test pattern was used to demonstrate the imaging
properties of the detector, in particular the resolution.

The pattern provides different groups of horizontal and longitudinal lines; 6 elements of different
line width (and line separation) per group. In the standard Air Force 1951 target, the number of
lines per mm doubles with every 6th target element.

Centroiding individual photon events to achieve sub-pixel resolution:

 Take many very low count rate images with larger spot area to avoid
overlapping spots. (~100-150 counts/frame; 1000 frames)

» Special analysis software written to identify unique spots and reject

Could be useful for low rate imaging applications!




Air Force Test Pattern - Centroiding

» Air Force test pattern:
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Conclusions

Setup installed at Berkeley @
First feasibility tests very successful!

Systematic tests varying different detector parameters
underway

No fixed pattern noise yet detectable except MCP
Imperfections

Resolution at Nyquist limit and below (for event-by-event




Future Plans

* Prepare a setup in Geneva

e Evaluate different MCPs (L/D ratio, pore angle, resistivity
etc.)

o Tests with metallised Medipix2 chips

« Evaluate process of metallised holes through wire
bonding pads???

e Tube fabrication to be prepared

« Specific parallel readout board to be designed
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