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Lecture Outline
• Direct Imaging

Ø A little review: optics, filters
Ø Imaging Cameras: design considerations
Ø Unusual modes (beyond the glazed stare)
Ø Examples

o SALT: SALTICAM & RSS
o WIYN: ODI

Ø Photometry
o Point sources

• Aperture
• PSF fitting

o Extended sources (surface photometry)
o Star-galaxy separation
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Imaging Cameras

• Imagers can be put at almost any focus, but most 
commonly they are put at prime focus or at cassegrain.

…..or in the case of WIYN: Nasmyth
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• Remember: the scale of a focus is given by

S=206265/(D x f#)  (arcsec/mm)

Examples:
1. 3m  @f/5    (prime) 13.8 arcsec/mm (0.33”/24µpixel)
2. 1m  @f/3    (prime)  68.7 arcsec/mm (1.56”/24µpixel)
3. 1m  @f/17   (cass)   12.1 arcsec/mm  (0.29”/24µpixel)
4. 10m @f/1.5 (prime) 11.5 arcsec/mm (0.27”/24µpixel)
5. 10m @f/15   (cass)   1.15 arcsec/mm (0.03”/24µpixel)

Focal Plane Scale (rev)
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• Classical cassegrain (parabolic primary + convex 
hyperbolic in front of prime focus) has significant coma.

Ø For Lick 3m (Shane), 1” blur at 2’.2 armin field-angle
• For a classical cassegrain focus or prime focus with a 

parabolic primary you need a corrector.
• The Richey-Chretien design has a hyperbolic primary and 

secondary designed to balance out coma and astigmatism 
in the focal plane, but for very wide field (>10-15 arcmin) 
you still need a corrector (e.g., ODI). 

βcoma =
3θ

16( f /D)2  

Abberations (rev)
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Filter Systems

• There are a bunch of filter systems
ØBroad-band   (~1000Å wide)

ØNarrow-band (~10Å wide)
ØSome were developed to address particular 

astrophysical problems, some are less sensible.
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3100Å is the UV 
atmospheric 
cutoff

1.1µ silicon 
bandgap
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Filter Choice: Example

• Suppose you want to measure the effective 
temperature of the main-sequence turnoff in a 
globular cluster.

color   relative time to reach dTeff=100
B-V              4.2
V-R            11.5
B-I                1.0
B-R               1.7
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Obvious?



Narrow-band Filters

• Almost always interference filter bandpass
is affected by temperature and beam speed:

DCWL = 1Å / 5˚C
DCWL = 17Å  for f/13 è f/2.8
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Design Considerations

LN2 can Dewar
CCD
dewar window
Preamp 

baffles Shielded cable to controllershutter
Filter wheel

Field corrector/ADC

Primary mirror
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Shutters
• Historical standard is a multi-leaf iris shutter. 
• As detectors got bigger, finite opening time and 

non-uniform illumination pattern started to cause 
problems.
o 2k x 2k 24µ CCD is 2.8 inches along a diagonal.
o Typical iris shutter - 50 milliseconds to open. Center of 

a 1s exposure is exposed 10% longer than the corners.
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Shutter vignetting pattern 
produced by dividing a 1 
second exposure by a 30 
second exposure.



Double-slide system

• The solution for mosaic imagers and large-
format CCD has been to go to a 35mm 
camera style double-slide system.
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Filter Wheel

• Where do you put the filter? There is a trade off 
between filter size and how well focused dust and 
filter imperfections are. 
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Other issues:

• Dewar hold time: Good fill-tube geometry 
required to not spill LN2 at certain HA. Good 
dewar design (thermal loading, large size) 
required for long hold time.

• RF pickup: Electronics must be well shielded and 
grounded.

• Reflections, glints and ghosts: Good baffles, 
masking of edges, excellent coatings are essential.
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Other modes

üOn-chip binning
• Drift-scanning
• Frame-transfer / slot-mode: 

high-speed photometry
• Orthoganal transfer (OTA): 

tip-tilt image correction

SALTICAM
RSS

ODI
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Drift Scanning

• An interesting option for imaging is to park the telescope 
(or drive it at a non-sidereal rate) and let the sky drift by.

• Clock out the CCD at the rate the sky goes by and the 
accumulating charge ``follows’’ the star image along the 
CCD.
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Drift Scanning

• End up with a long strip image of the sky with a 
`height’ = the CCD width and a length set by how 
long you let the drift run (or by how big your disk 
storage is).
ØThe sky goes by at 15 arcseconds/second at the celestial 

equator and slower than this by a factor of 1/cos(d) as 
you move to the poles.

ØAt the equator a CCD camera with 2048 x 0.3” pixels 
yields an integration time per object of about 40 
seconds.
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Drift Scanning

• What is the point?
ØSuperb flat-fielding (measure objects on many pixels 

and average out QE variations) 
ØVery efficient (don’t have CCD readout, telescope 

setting)
• Problem:

ØOnly at the equator do objects move in straight lines, as 
you move toward the poles, the motion of stars is in an 
arc centered on the poles.

• Sloan digital survey is a good example
• Zaritsky Great Circle Camera is another
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• A method for high-speed photometry:
Ø A portion of the CCD is masked and used as a storage area.
Ø The detector is used without a shutter
Ø After each of regular number of short durations, a portion of the 

unmasked (active) region of the detector containing the source(s) 
of interest is “frame-transfered” to the storage region.

Ø The storage region is filled in, and then read out.

Frame-transfer/slot-mode
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PI: Darragh O’Donoghue (SAAO)

Ø Efficient imager over entire science  FoV (8’) and down to 320 nm.
Ø Broad to narrow-band imaging.
Ø High time-resolution photometry.
Ø Drift-scanning (not yet implemented)

Two incarnations/roles:
(1) commissioning/verification instrument (VI)
(2) Acquisition camera and science imager (ACSI) and commissioning

SALTICAM enables unique science, particularly:

• UV and fast photometry (~70-50 ms)
• Deep, narrow-band drift-scanning (not implemented)
• Parallel deep UV-imaging (not implemented)

SALT prime-focus imaging camera
SALTICAM 

How you use it
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SALTICAM VI

Cryostat &
detector

Filter jukebox

Optics

SALTICAM ACSI

SALTICAM 
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IMAGE AREA

Frame Transfer boundary

STORE AREA

Horizontal clocking

2049 rows

2053 rows

50 pix
Readout
Amp 250 pix

Readout
Amp 1

Split readout  register

vertical
clocking

vertical
clocking

2048 columns

Frame transfer E2V (formerly
Marconi, EEV) CCD44-82 chips

• back illuminated
• thinned
• frame transfer
• deep depletion 
• “Astro-BB” coating
• 2048 x 4096 x 15 microns
• 1 unbinned pixel = 0.14 arcsec

Two chips mosaiced to form
4k x 4k area.

Same chips used in RSS.

SALTICAM  CCD detectors
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RSS: Robert Stobie Spectrograph    

• High-throughput medium resolution (R < 8,000 @ 1 arcsec) spectroscopy:
Ø 8’ FoV, 320-950 nm range

• Multi-object spectroscopy: >100 slitlets
• Fabry-Perot imaging: R = 500 to 12,500 beween 450-900 nm
• Imaging polarimetric and spectropolarimetric modes into the UV (320 nm).
• Fast spectrophotometric modes: 100 ms (no dead-time)

PI (visible beam): Ken Nordsieck, University of Wisconsin-Madison

The major science ‘niches’ for RSS are:
• UV to NIR spectroscopy 

• High time-resolution astrophysics 
» Rare on large telescopes
» Dark sky; Good use of natural seeing large telescope
» Exploit SALT UV sensitivity and access to prime focus
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RSS: Schematic (vis only)

Open Truss Structure

Grating 
Server

Articulation Rail

Camer
a

Detector 
Dewar

Filter Server

Collimator 
Optics

Slit 
Mask 
Server

Fabry-Perot Etalons

Waveplate 
Mechanism
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RSS Layout:
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RSS CCDs

SALT CCDs for 
SALTICAM and RSS 
delivered Feb 2003.

• E2V  2k x 4k deep 
depletion Grade 0 devices
• custom frame-transfer 
chips
• thinned & astro-bb 
coating (good in blue)
• readout noise < 2.4e-
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CCD subsystem readout modes
High time resolution with frame-transfer in operation; max 4’ spatial 
field with lower half masked, and possibility for upper portions 
masked as well (slot mode).

Bin    RN    Read
-------------------------
1x2    3e- 11.0 s
2x2    3e- 5.5 s
1x2    5e- 3.2 s
2x2    5e- 1.6 s
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RSS: fast imaging or spectroscopy

Slot in telescope focal plane placed just above frame transfer boundary

‘Slot’ mode

Do 2 x slot width row transfers 
(discard smeared rows)

This example has 204 pix slot
(~27 arcsec), each shifted 408
rows at a time.

Expect to run at
• >76 msec integrations
• ~6 msec deadtime (row transfers)

Ø fast spectroscopy
Ø fast spectropolarimetry

Imaging field 
with no slot

slot

Dispersion dimension in spectroscopic mode 
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Ha

RSS Fabry-Perot Imaging Mode

Perseus cluster
R bandFabry-Perot:

interferometer acting 
like a tunable, 
narrow-band
filter, with a field-
dependent band-pass

Single or dual etalons: R = l/dl = 500, 1250, 8000
+ order-block filters covering 450-900nm at R = 50
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ODI: WIYN’s One Degree Imager
Slides (circa 2009) courtesy Daniel Harbeck, ODI Project Scientist
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ODI: One Degree Imager
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Science Motivation
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Technical Motivation
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…and do it efficiently

Tip/Tilt correction
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System Efficiency
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How you do it: 
Orthogonal Transfer Array (OTA) CCD



OTA Detector Development
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OTA fast tip/tilt guiding
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… on a 1 deg FoV
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Operational Modes
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Operational Modes
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Instrument Components
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Field Corrector & ADC
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Filter mechanism
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NB filters are ~ $120k
ka-ching!

$60k
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Filter mechanism



Shutter
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Detector array base plate
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Support software
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Operations concepts
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Not implemented
Why not?



Data processing requirements
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QUOTA: prototype
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Guide Star Readout
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NGC 6791
Open cluster



Guide Star Readout
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On-chip Guiding
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OT Image Improvement
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FWHM vs field distance
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Distance from guide-star



QUOTA OTA Imaging
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• M15
• SDSS r’
• 120s

dead



The promise

A500/L-11 59



The promise
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The reality
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http://www.wiyn.org/ODI/index.html
• 40x48 arcmin (0.53 deg^2) - hODI
• 30 OTA, each with 64 x 480x496 pix
• 7-11 e- rms read-noise
• u’g’r’I’z’ and NB695 filters
• Static Imaging - no OT shifting; 

detectors are operated like CCDs 
because of amplifier glow

Where
TT is best
oops

http://www.wiyn.org/ODI/index.html


Detectors (ESO transition to CCDs)

First 
astronomical 
CCD, JPL 
400x400
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Pixels/Camera
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*
ODI


