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Optically variable stars identified from the light
curves of Chandra guide star data

• The Chandra Guide Star Catalog

• Description of the Aspect Camera and Detector

• Method of Identification

• The Chandra Variable Guide Star Catalog

• Examples of detected variable stars

• Collaboration with AAVSO
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Chandra X-Ray Observatory
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Chandra Guide Star Catalog

8 Acquisition Star
+

5 Guide Stars

For each planned observation:

Non-variable guide starsVariable Guide Stars
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Chandra Guide and Acquisition Star Catalog

• Primary source: Guide Star Catalog (GSC) for Hubble Space
Telescope

• Secondary sources: Positions and Proper Motions (PPM) catalog;
Tycho Output Catalog (Tycho-1); ACT Reference Catalog; Tycho-2
catalog

• More than 15 million stars with magnitude in 7 to 16 range

• Aspect Camera guide stars rarely fainter than mag 10.6, but
occasionally as faint as 11.2

• Aspect Camera effective spectral response much redder than
Johnson B or V filters, and includes a much broader range of
wavelengths

• Known variables in the Guide and Acquisition Star Catalog are
flagged and not used



7

• 4000-9000 Å sensitivity

• 11.2 cm f/9 Ritchey-Chretien telescope with 990 mm
effective focal length

• 1024x1024 CCD; 5 arcsec pixels

• Sampling rate of 2 seconds

• First moment centroid in 8x8 pixel region locates stars

• Photometrically stable for over 8 years

• Maintains pointing accuracy of 0.5 arcsec

Characteristics of the Aspect Camera
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Aspect Camera Assembly (ACA)

• Optics
– Cassegrain telescope,

with refractor triplet
– Effective focal length:

990 mm
– Aperture: 110 mm
– 2 focal plane detectors
– Flip mirror mechanism

for using redundant
focal plane

• Focal Plane
– TK1024 CCD
– 1024 x 1024 pixels
– Pixel size: 24 µm x 24 µ

m
– Nominal plate scale:

5" / pixel
– Active focal plane

cooled between -10 C
and -20 C

– 4 electrical quadrants,
with individual pre-amp
readouts
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Aspect Camera Acquisition Sequence

• Spacecraft maneuvers to target attitude (using gyros for attitude
reference)

• Aspect Camera executes commands to search for and track up to
8 “acquisition” stars, which are used to establish fine attitude at
end of maneuver

• Aspect Camera executes commands to find and track “guide”
stars (typically 5 guide stars)

• Guide star positions on Aspect Camera CCD, along with gyro
data, are used throughout X-ray observation to maintain precise
attitude/pointing stability

• Each image is tracked in a 6x6 or 8x8 pixel region on CCD
• Aspect Camera integration time is 1.7 sec
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Method of detection of variable stars

• Visually detected by examining the light curve of each guide star
tracked by the Aspect Camera for each Chandra X-ray observation
during the Validation and Verification procedure

• This is currently a manual process.  Over 55,000 light curves have
been examined by the team

• A MySQL database has been prepared that keeps track of each
possible variable star identified, Combining information for stars
observed more than once, providing a flexible backend for statistics
and review
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The Chandra Variable Guide Star Catalog

• Light curves of over 900 stars for time periods ranging from 20 min.
to 2 days

• Ancillary data extracted from SIMBAD

• Flags for UV, X-ray and IR sources

• Variable classification, if known

• Web interface

• Total unique guide stars observed = about 37,000

• Total variable stars detected=696 (+216 possibly variable)

• Total previously unknown variable stars =485
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