From Planets to Stars to
Galaxies:
Putting things In their places

By
Doug Mink
Smithsonian Astrophysical Observatory



It All Started With Mars
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MIT Vidicon Spectrometer with
camera monitoring slit in mirror

Spectrometer slit reprojected across

Mercator projection of Mars surface
(Mink, MIT S.M. Thesis 1974)



It All Started With Mars

Aperture photos projected on observed planet disk

and reprojected onto Mercator projection of Mars
(Mccord, Huguenin, Mink, and Pieters, Icarus 31, 1977)



Finding Stars to be Occu
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Mapping observability
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Geocentric prediction of Uranus 16

UR. 16 OCCULTATION
6s 4-1982 5:58 U.T.
DoUG MINE 67 371388

Sun down, Uranus up for Uranus 16



Predicting Occultations

Centered on kmu 102 19hQ7™05.385% —22°58' 47.1"
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Sky plane map of Uranus

Palomar Sky Survey overlay
ring occultation of KMU102

for stars occulted by Uranus



All-Sky IR Mapping from Space

Spacelab 2 Infrared Telescope
(Space Shuttle Challenger, July 1985)



All Sky IR Mapping from Space

1985 Day 213, Orbit 4, 50,964 0.1-sec frames

Spacelab 2 Infrared Telescope
(Space Shuttle Challenger, July 1985)



Galactic Center from Spacelab 2

2.4u IRT Map
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FiG. 5.—Contour map of the 2.4 um emission from the Galactic plane
region. The contours are spaced logarithmically in 10 steps between 0.67 X
10°%and 16 X 107"°Wcem™2 um™' sr™'.

(Kent, Mink, Fazio, Koch, Melnick, Tardiff, Maxson, ApJS 78:403-408, 1992)



Mapping Multiple Cz

Plute from 19 Feb 1993 16:00 UT every 0/04:00
Charon from 19 Feb 1993 18:00 UT every 0/04:00
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All-Sky Maps mee

IRAS Point Source Catalog (IRAS.ps)

CFA SKYMAP 7 Fen 1892 15:33




Onto the World Wide Web

L M _ W N
Document Title: | Sa0/T0C H':-me.i'age . :
DocumentURL: | File://ocalhost/cFaies/mm/Toc.homt S
||

SMITHSONIAN ASTROPHYSICAL OBSERVATORY |

The Smithsonian Astrophysical Observatory (SAQ) is part of the Harvard- Smithsonian
Center for Astrophysics in Cambridge, Massachusetts. The SAQ/TDC creates and |
maintaing software w process and archive data from optical and infrared telescopes in
Harvard, Massachusetts and on Mt Hopkins in Arizona.

The SAC TDC distributes several pieces of software: _
RVSAD : an [RAF package for finding radial velocities from specira |

SKEYMAP: a program for mapping star catalogs onto the sky

The stall of the TDC are:
Doug Mink, software developer

Astronomical Sofreare Elsewhere

Other Astronomical Resources

Navigating the Internet

NASA/Goddard.
Last updated 12 November 1993 E

fact | Fo | Home| Reload| Open..| Save As..| Clone| New Wintow| Close Window|



Onto the World Wide Web

File  Options MNavigate Annolate Documents iﬁﬂ’pg

Document Title: | Occultations by Solar System Objects

Document URL: hl:tg:ﬂci&_TE&'nacu_ibﬁ!ﬂunéfuccuﬂ:ﬂﬁ'msm;ﬂ ,

Occultations by Solar System Objects

For tables describing the occultations and observing conditions, click on the sppropriate
planet namnes. Te view abstracts of the papers, click anywhere else in the titles of the
papers.

Pluta

Uranms

Ceculiations by Uranus amd Neptare, 13311333
Chiron

Oceultedions of Spave Telescope Guide Stars by 2060 Chiron; 19%0- 1995
Satwm

Occnltedrons of IRAS Pownt Sources and SAD Stars by Planels: 19881323
Jupiter

Oecyltations of IRAS Foint Sources and SAD Stars Gy Plapers: 13831339
Mars

Occultations of IRAS Eoint Jources and SAD Stars by Flanets: 1988 - 1939
Mearcury

Last updated 31 March 1994 by Doug Mink
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Fitting a WCS using WCSTools

HAXIS = 2 / HUHBER OF RXES

HAXIS1 = 1024

HAXISZ = 1024

RA = '16:15:56" fHEAH EA

DEC = '"31:25:10°' FHEAHN DEC

EPOCH = 2000 /HEAH EPOCH

DATE-D0BS= '1995-03-06T10:0d4:50" FUT DDAHHSYY AT EHMD OF EXPOSURE

EXPTIHE = 240,00 FINTEGREATION TIHE, SECOHDS

HJDH = 244987191686 SHELIOCEHTRIC JULIAH DAY AT HIDDLE OF EXPOSURE

SECPIX = _ 0,652 /S5EC OF ARC SPATIAL PIXEL , SET BY PARAHETERS
USNO-B1.0 Catalog plotted over FITS header with limited WCS keywords

image using telescope pointing from telescope



Fitting a WCS using WCSTools

HAXIS = 2 / HUHBEE OF RXES
HAXI51 = 1024
HAXIS5Z2 = 1024
FA = "16315;56.591"'
DEC = "+31:25:07.35"
EPOCH = 2000
RADECS5Y5= 'FK5 '
EQUINOY = 2000
CRPIX1 = 516.9970
CRPITXZ = 513.4151
1l = -0,000178936537
o2 = 0, 0000555651
D21 = 0, 000000278868
coz_2 = 0, 000178740421
HCSRFCAT= "ubl '
HCSTHCAT= "testx90n,.szex'
HCSHATCH= 147
HCSHREF = 217
HCSTOL = 2.5000
CTYPEL = "RA—--THH'
CTYPEZ = "DEC--THW'
CRYALL = 243.,985795481
CRYALZ = 31.418709691
SECPTX1 = 0,6442
SECPTXE = 00,6435
HCSS5EF = 0.257
USNO-B1.0 Catalog plotted over FITS header with WCS keywords

image after imwcs WCS fit after WCS fit using imwcs
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More Catal

These catalogs are available and supported by SA0/TOC search and ma %

Catalog or Format Mo. Stars Bytes Region Search Image Search Mapping

USHO-B1.0 Catalog 1,035,366,767 B3,614,080,980 subl (scat) imub1 {imcat)

GSC Il Catalog (2.2.01) S98 402,801 »80,000,000,000 sgsc? (scat)  imgsc? (imcat)

2MASS Point Source Catalog 470,992,870 31,775,592,000 stmc (scat) imtme {imcat)

2MASS Extended Source Catalog 1,647 558 11,633,193 stmx (scat) imtmzx (imcat)

USHO UCACS Catalog 100,785,420  8,635,270,659 sucac3 (scat), imucacs (imcat)

USNO UCACZ Catalog 48,386996 2,128,147 841 sucac? (scat), imucacZ (imcat)

GSC-ACT Catalog 256,541 952  1,231,787,520 sgsca (scat)  imgsca (imcat)

SDSS Photometry Catalog 53 million (DR1) 77 ssdes (scal)  imsdss (imcat)

HST Guide Star Catalog 26,541,962  1,231,787,620 =gsc (scat) imgsc (imcat) skymap

Tycho-2 Catalog 2539913 528,721,576 sty 2 (scat) imty 2 {imcat)

USNO/Hipparcos ACT Catalog 988,758 318,380,076 sact (scat) imact {imcat)

SKY2000 Catalog 299167 11,388,374 ssky 2k (scat)  imsky2k (imcat) skymap

PPM Catalog a7een 22,734,686 sppm (scat)  imppm (imcat) skymap

SAD Catalog 258 556 15,539,876 ssao0 (scat) imsao (imcat) skymap

IRAS Point Source Catalog 245,889 7,375,698 siras (scaf) imiras (imcat) skymap

Hipparcos Cata 118218 4482312 ship (scat) imhip {imcat)  skymap

Yale Bright Star Catalog 3285 291548 skec (scat) imbsc (imcat) skymap

Starbase tab-delimited ASCII varies varies scat imcat

TDC Space-Delimited ASCII varies varies scat imcat skymap

TDC Binary varies varies scat imcat shkymap
— USHO-A2.0 Catalog 526,280,881  B8,315,370,572 sual (scat) imuag (imcat) skymap
— USNO-SA2.0 Catalog 55 358,23 B54 418 868 susaz2 (scal), imusaZ (imcat)

USNO-A1.0 Catalog 438,006,860 5855082320 sual (scat) imual {imcat) skymap

USHO-SA1.0 Catalog 54,787 524 657,451,488 susal (scat)  imusal (imcat) skymap

USHNO J-1.0 Catalog 19.911,514 238,938,168 sujc (scat) imuje {imcat)




Testing Catalog Accuracy
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216 1x1 degree fields from the 8K array on the KPNO 36-inch telescope
cover half of the CfA Century survey, 50 degrees across the sky



The 2MASS Point Source Catalog plotted over one of the 1728 test images




Testing Catalog Accuracy

File ”tmcflts reud 33;’1??4 lentsl

180 -
154
144
154
124
114
1040

Mumber

000 0.10 0,20 030 0,40 Cr. 5{3 0.80 8,70 0.840 a.590 0 1.00

sep (binned at 0.01)
Moy 2 2003 19:38

Differences between the 2MASS Point Source Catalog
and a WCS fit to all of the images



Testing Catalog Accuracy

File "sdssfits", read 58/1358 points

X Mean = 0.415 Sigma = 0.168
180 - ¥ Medign = 0.415 Half—width= 0.145 7

Number
o
L]
[
|

—10
.00 0.10a .24 .30 .40 .50 0.60 .74 o080 0,90 1,00

sep (binned at 0.01)

Jun 16 F010 18:33

Differences between the Sloan Digital Sky Survey Catalog
and a WCS fit to all of the images



Testing Catalog Accuracy

File "gsc23fits’, rend 20/1724 points
A N L R R

4501 X Mean = 0.256 Sigma = 0.080
1 * Median = 0.255 Half—width= 0.050

400

350

a00

250

200

MNumber

150

100

S0} j m |
o
.00 0.10a .24 O30 0,40 .50 0.60 .74 .80 090 1.00

sep (binned at 0.01)

Jun 16 2016 148;35

Differences between the GSC 2.3 Catalog
and a WCS fit to most of the images



Testing Catalog Accuracy

Mumber

240

220

200

180

160

140

120

100

80

&0

Flle

Iucucﬁflts y 5f9?5 DD'”tE

A Mean = 0,

» Median =

iﬁ Sigma = 0.045

140
0140 Half—width= 0.040 |

RN AT TN T N R T
.50 U.B0

vl by v by vy
.74 .80 .90 1.00

sep (binned at 0.01)
Jun 16 2010 18;34

Differences between the 3rd USNO CCD Astrometric Catalog
(UCAC3) and a WCS fit to half of the images



Redshlftlng Into the Universe
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Before Sky Removal
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Worengih i angervme ” 12,553 Spectra from the Hectospec SHELS survey
After Sky Removal ———
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