layout of talk

* Overview, DoD relevance

* Tycho-2 (USNO provided proper motions)

* UCAC (all sky to magnitude 16, 20 mas)

* USNO-B (all sky to magnitude 21, 200 mas)

* NOMAD = merged dataset (“best” info each star)
e WDS ... WMC (double stars, orbits ...)

s fuhure: URAT
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DoD relevance

¢ bright stars, highest positional accuracy, ref.system
e “clean” stars: avoid double binary stars
* Space Situation Awareness :
e faint stars, high density (mmb. stars/4q.deg)
¢ high positional accuracy,
¢ brightness, color, estimate other bands, variability
e 1new, better catalogs open new possibilities!
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r iati catalogs /projects

name of ground proper mag numb pos.err year
atalog space motion range stars (mas)
e [CRF = International Celestial Reference Frame ICRF G QSO radio 500 0.3 2000+
] I Hip. s yes <= 12 100 K 1.0 1997
¢ all the following are on that system (“J2000”) Tycho-2 G/S yes <= 12 2.5 M 10..100 2000
. ! UCAC2 G yes 8..16 40 M 20.. 70 2003
* see handout USNO policy (Instruction 5700) OMASS a i ol 00 90 2003
. L L USNO-B G es 12..21 1000 M 200 2003
* point of contact for classified star catalog issues: .
I PanSTARRS G yes 17..23 2000 M 30 2007
L]
BlyanDorlani bdoﬂarﬂ@lsm.navy.mll SST G (see classified talk this meeting)
* for copy of this talk, URAT white paper GRAT G yes 14..21 1000 Mo
* Norbert Zacharias, mz@ usno.navy.mil MAPS SE yest 2. 155 40°MUN o llII=ne
= - Gaia s yes ?2..20 1000 M 0.02 2013
SIM S yes 0..20 20,000 0.004 2015
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position error increases with time

Hipparcos Catalogue + new obs,

g
2
§

e -1to 12mag, complete only toV =7.3
¢ meanobserving epoch = 1991.25

30

* mean position error (1991) = 1 mas

20

* mean error proper motions = 1 masjear :
* position errors increase with time L
* nuiltiple stars: centroid offsets + orbital motion

¢ often unknown and6br wrong proper motions

position error {ras)
10

o
1980 1980 2000 2010 2020
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Tycho-2 accuracy of catalogs

USHND-B ]
2Mass 7
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e 2.5millionbrightest starstoV = 11.5

¢ 10to 100 mas positional accuracy

* 1991.25 epoch from Hipparcos Satellite

* proper nmotions: include ground-based catalogs!
* work done at USNO (PI: Sean Urbar)
* mygjor data: Astrographic Catalogue (~1900) i
* systematic error level higher than Hip.main catalog 1 0 00 o 1ot

stars/square degree

+12.5™
a1g™

LCAC
«10™ alqm

Tycho—2

o

Hipparces URAT

position error (mas) epoch 2010
10
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e 1997 - 2004 (all-sky completed)

e 579- 642 nm bandpass

* R=8to 16 mag

e positions accurate to 20 mas (10— 14 mag)

* incl. proper motions (various early catalogs)

* most accurate astrometry for fainter than Hip.

trograp
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modify dome at CTIO
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UCAC products

e UCACI (2000 : part of Southem Hemisphere
e UCAC2 (2003) : -90 to +50 deg decl.
e UCACS3 (erd of 20006) :
¢ all-sky coverage; re-processing all pixel data
* much improved completeness (bright stars, doubles)
*  improved astrometry
* improved photometry (1 band)

2006 Mar 02 Astrometric Star Catalogs unclassified

3



KPNO 2.1m

extragalactic

reference frame link
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e scanof 7435 Schmidt plates

* 2 epochs, incl. proper motions

* 3+ colors, photogr. photometry

e 1 hillion stars to about V = 21

e 200 mas positional errors

* saturated images brighter about 12" mag
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NOMAD overview

o all-sky, all stars: Siriusto 21% mag
* positions + proper motions + photometry
e pick “best” data each star (not compiled cat.)

¢ Hipparcos + Tycho-2
e UCAC + “Yellow Sky” + USNO-B

e 2MASS...

 hitp: /Avww.nofs.navy.mil fromad orr-line
100 GB hard disk copy upon request
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926 inch Washington DC

Double Stars

Brian Mason
William Hartkopf
Gary Wycoff

Astrometry Department
U.S. Naval Observatory, Washington DC

Astrometric Star Catalogs

 ZOOM WINDOW [l =x]

\ double star work at USNO

=T 3R
e “word headquarters” IAU mandate
¢ observing program: 26 inch speckle interferom.
¢ WDS = Washington Double Star catalog
¢ over 100,000 systems; daily updates; ornrline
 Orbit Catalog (6™ edition); graded, daily updates
WMC = Washington Multiplicity Catalog
¢ work on 1% release in progress
e combine all double star observing techniques results

Hip. 40001 new detection KPNO 4m + USNO speckle
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‘Washington Double Star Catalog - Current Version - Mozilla Firefox Cox
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URAT overview

* USNO Robotic Astrometric Telescope

- 0.85maperture, focal length=3.6m

- 4.5 degree diameter field of view

- large format detector (world largest CCD)
* 2px /FWHM at 1.0 arcsec seeing
* 9 micrometer pixel size
* 4 CCDs, each 95 mmonaside

- 50s/250s integration

- 13t0 21 mag

- goal 5mas for 'well exposed stars'
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goals of the URAT project URAT optical design

¢ regular survey: 14 to 20 mag stars 3
« overlapwith UCAC stars (8 to 16 mag) Schoitieild | AT 5073600 FASAVA —— imo
o direct link to faint, extragal. ref. frame sources
* optimized for astrometry, absolute positions

¢ 5- 20 mas positional accuracy = f (mag)

* bright stars: 8to 13 mag regular (narrow filter)

e very bright stars: <= 7 mag targeted observations

e all sky: 2 locations (north and south)

 robotic: low operation costs

» nuitiple overlap in 1 - 2 years per hemisphere
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lateral color w.r.t. central wavelength
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FPA

4 10.6k CCD
4 guide CCD
4 focus CCD
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800

unclassified

URAT field of view

Focus CCD

Astrometric Star Catalogs

4.0 degree diameter

=251 mm

unclassified

1.0 micrometer

bax half width

status of URAT project

~ optical design studies completed
- offer received inJuly 2005
- contract for primary mirror in place

¢ detector:

- SBIR phase II signed Dec. 2006
- 10.6k by 10.6k CCD chip is in production
- first light prototype camera end of 2006
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distortion w.r.t. scale of central wavelength
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STA, 2006
10.6kx 10.6k
full wafer
layout

[ AT ]
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We work for DoD

 world leader in astrometric catalogs

- public site  hitp: /ad.usno.navy.mil

- offer custom products /services for DoD

- expertise in star catalog data and compilations
* strong observing program

- own telescopes ard instruments

- act upon requests /requirerments
e youtell uswhat youneed !
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