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outline

� overview: global astrometry
� UCAC  (8 ... 16 mag, 20 mas)
� other zonal and selected area catalogs 
� NOMAD (merged dataset)
� URAT (future 0.85 m telescope)
� J-MAPS (micro-satellite, USNO 2010?)
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overview

 current status of global reference star catalogs
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position er ror  increases with time
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accuracy  of  catalogs

MAPS

  IAU  JD16
 

 accurate optical reference catalogs2006 Aug 23

U  S N O
C  C D
A  s t r  o g r  a p h
C  a t a l o g

PI: Norbert Zacharias

Astrometry Department

U.S. Naval Observatory



2

  IAU  JD16
 

 accurate optical reference catalogs2006 Aug 23

UCAC  observing

� 1997 – 2004  (all-sky completed)
� 579 – 642 nm  bandpass
� R = 8 to 16 mag
� positions accurate to 20 mas (10 – 14 mag)
� incl. proper motions (various early catalogs)
� most accurate astrometry for fainter than Hip.
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observing at CTIO
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backend of 
astrograph        

4k camera

 x-y slide
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UCAC  products

� UCAC1  (2000) : part of Southern Hemisphere
� UCAC2  (2003) : -90 to +50 deg decl.
� UCAC3  (2007) : 

� all-sky coverage;  re-processing all pixel data
� improved completeness (bright stars, doubles)
� improved x,y centroids (empirical profile fits)
� improved positions + PM (global, iterative)
� improved photometry (1 band)
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StarScan plate measur ing

� early epoch data for proper motions
� CCD camera, step-stare mode
� accurate to ~0.35 micrometer absolute
� 1929..1932 AGK2:  1,900 plates  done
� 1976..1995 ZA:       2,300 plates  done
� 1983..1990 BB:          700 plates 150 done
� 1985..2000 Lick:        200 plates     0 done
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 StarScan plate measure machine
Washington, DC
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KPNO 2.1 m
 

extragalactic  
reference frame link
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UCAC3 public release options

� possible levels of product:

1) mean position catalog (60 + million stars, all sky)              
include only if >= 2 detections + PM available

2) extract and identify minor planets -> separate cat.

3) individual epoch RA, Dec of all detections

4) individual x,y data of all detections (CTE problem)

5) pixel data images (very noisy, dark current ...)
� include more catalogs than for UCAC2 release ?
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other  catalogs

� specific declination zones
� selected areas
� future deep surveys
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CMC14

� Carlsberg Meridian Catalog #14 (2005/6)
� automated drift scan observations La Palma
� -30 to +50 deg declination
� 9 to 17 mag  (r')   fainter than UCAC
� 96 million stars
� 35 mas ... 90 mas  position error
� no proper motions yet

� Evans et al. (2002);  contact Muinos for catalog
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PM2000

� Bordeaux Zone  (Carte du Ciel) : +11 ... +18  decl.
� 2.67 million stars
� lim. mag about  V = 16,  ~ 7 observ./star
� position errors:  37 to 50 mas
� excellent proper motions:

� scan 512 CdC plates (around 1900) on APM
� 1.5 mas/yr for those about 370,000 stars

� Ducourant et al.,  Rapaport et al. (2006)
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NPM,  SPM  (1960s ... 200x)

� both:  50 cm astrographs,  V = 18
� Nothern Proper Motion survey:

� 2 epochs complete,  Klemola et al.
� Southern Proper Motion survey:

� Yale + San Juan;   van Altena + Platais  et al.
� 2nd epoch observing in progress (CCD)

� all plates scanned at NOFS -->  “Yellow Sky”
� other programs use  NPM, SPM  for proper motions
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SDSS

� Sloan Digital Sky Survey
� about 8,000 sq deg
� about  50 mas posit. error, no PM
� lim. mag = 22
� see Pier et al. (2004)
� recent  DR5
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Deep Astrometr ic Standards

� PI of  DAS  project:  I. Platais
� KPNO, CTIO 4-meters,  lim.mag = 25 (V and I)
� 4 selected fields,  10 sq. degree each
� observations in progress:  2 fields 1st epoch complete
� goal:  5 - 10 mas positions,  2 mas/yr proper motions
� also: radio observations of QSOs
� for:  galactic kinematics  +  calibration of LSST ...
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NOMAD overview

� first release (2004)
� all-sky,  all stars:  Sirius to 21st  mag
� positions + proper motions + photometry
� pick “best”  data each star (not compiled cat.)

� Hipparcos + Tycho-2 
� UCAC + “Yellow Sky” + USNO-B
� 2MASS ...

� http://www.nofs.navy.mil/nomad  on-line
� 100 GB hard disk copy upon request
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see also  astro-ph/0606193
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URAT  instrument

� USNO  Robotic  Astrometric  Telescope
� 0.85 m aperture,  focal length = 3.6 m
� 4.5 degree diameter field of view
� large format detector (world largest CCD)

� 2 px / FWHM  at  1.0 arcsec seeing
� 9 micrometer pixel size
� 4 CCDs, each 95 mm on a side

� 50 s / 250 s  integrations
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goals  of  the  URAT  project
�  regular survey: 13 to 21 mag stars 

� direct link to faint, extragal. ref. frame sources
� optimized for astrometry, absolute positions + PM + par.
� lower systematic errors than PanSTARRS, LSST ...

�   5 - 20 mas positional accuracy = f (mag)
�   bright stars:  3 to 13 mag: astrograph or MAPS
�   all sky: 2 locations (north and south)
�   ~ 6 fold overlap in 1 year
�  obtain parallaxes with ~ 2 yr observing per hemisphere
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URAT optical design
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URAT cut side view

 

 EOST, 2005
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URAT
FASA2
(EOST 2005)
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URAT
FPA
4  10.5k  CCD
4  guide CCD
4  focus  CCD
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 STA, 2006
10,560 x 10,560
full wafer
layout

2006 June 19 
DALSA
press release

world largest
CCD
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 DALSA
 STA 
June 2006
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status of URAT project

� telescope:
� optical design studies completed
� contract for primary mirror in place
� NAVY full funding requested this year

� detector:
� SBIR phase II signed Dec. 2005
� 10.5k by 10.5k CCD chip produced successfully
� first light prototype camera end of 2006
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   J oined -
M illi -
A rcsecond
P athfinder
S urvey

Micro-satellite proposal
USNO

PI: Bryan Dorland
see also  astro-ph/0608286
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10 — 15 cm

Telescope

AeroAstro

µ sat bus

15 cm

Telescope

AeroAstro

µ sat bus

Milli-Arcsecond Pathfinder  
Survey Mission (MAPS)

• modularized microsat bus (<100 kg)
• LEO SSO orbit (900 km)
• instrument

– 15 cm aperture, WFE < 
�

/20 
– 8k x 8k CMOS-hybrid detector
– 500 mas pixel (~85m @ GEO)
– 1.1° x 1.1° FOV

• step-stare observing cadence
– single aperture, guided expos.

– ½ sky observe every 2 weeks
– see  astro-ph/0608286

• dynamic range V �  3—14 
• data reduce on ground using block 

adjustment technique (Zacharias 92)
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Milli-Arcsecond Pathfinder  
Survey Mission (MAPS)

• initial feasibility analysis completed
• 2nd detailed study in progress
• phases A-D (design, development)

– 30 months,  $40M (estimate)
• phase E (operations)

– 3 year goal

– 1year operation incl. with launch

• funding: DoD + NASA

– not funded yet but good chance

• star catalog:
– ~0.5 to 1 mas  for 100x as 

many stars as Hipparcos
– combine with Hip. data: 

proper motions ~ 0.1 mas/yr
• technology demonstration:

– space qualify  CMOS-Hybrid
• DoD concept demonstration:

– triangulation other satellites
• general astronomy:

– planet & black hole detection
– galactic kinematics, distances
– .... 
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MAPS data reduction
• on-board threshold detection
• 10x10 pixel window per star 

extracted from raw data
• other types of targets possible

– e.g., satellite streaks
• window data downlinked to ground
• each star observed ~ 2 times per 

month near max. parallax effect
• data reduced on ground: centroids, 

initial RA,Dec, overlap conditions, 
combine multiple epochs

Results:
• 5 mas precision per measurement
• < 1 mas mission accuracy 
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relevant  MAPS  output

star  catalogs: orders of magnitude 
improvement in accuracy and density,
viable for decades

MAPS

detector  demonstration:
demonstrate and characterize
performance on-orbit 

other  demonstrations:
- pathfinder for CMOS-based star tracker
   technology
- Space Situation Awareness applications

10 —15 cm
Telescope

AeroAstro
µsat bus

15 cm
Telescope

AeroAstro
µsat bus
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summary
� currently best reference stars:  NOMAD

� need to merge CMC14, PM2000, UCAC3 ... 
� UCAC3:  all-sky to 16th mag, release in 2007
� URAT:    all-sky to 21th mag, first light 2009 ?

� optics design done, primary mirror ordered
� 111 million pixel CCD manufactured

� J-MAPS:  launch in 2010 ?
� 3 ... 14 mag : <= 1 mas,  limit ~ 15 mag


