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Why
Astrometry

The two-point correlation function is
an important measure of structure in
the universe. In its angular form, w(?),
it is defined by the expression dP. =
N[1+w ?)]dO where dP is the
probability of finding a second object
at an angular separation of ? from a
given object within an area of dO, and
N is the mean object density (per
steradian). The spatial correlation
function can be obtained by converting
from angular to spatial separations.
The correlation function represents an
"excess probability" above what would
be expected for a random distribution
of equivalent density.

‘The amplitude of the correlation function (the intercept of
the bestitline) is plotted for two different spectral wﬁg
bins. The x-axis corresponds to old (red) galaxies, while
the y-axiscorreseponds to young (blue) galaxies. Each
point represents a particularredshift bin. Points would fall
along the solid line if correlation amplitude were the same:
for both groups and would fall along the dashed line if
amplitude were ten times larger for old (red) galaxies.
Note that old (red) galaxies appear to be more strongly
correlated and that their correlation increases with
redshift.
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Why Astrometry

Stellar Planet Survey
(STEPS)

wor 30 M stars

Astrometric Search for Planets
Encircling Nearby Stars

| (ASPENS)
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Figure 1. An example of the
result of a basic VO query
Iooking for correspondence
between various catalogs. The
“x" symbols are from NED, the
diamonds from USNO-B, and :
the squares from the Guide

Star Catalog. There are both
random and systematic errors
in the positions from these
sources so that automated
schemes of cross dentifying "
sources are difficult to =

implement.
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Astrometry History

in 129 BC the Greek astronomer Hipparchus completed a catalog of athousand stars
naked eye observations
= relative brightness
= position with accuracy of one degree

* . nothing changed until 16th century whereTycho Brahe using a variety of calibrated instruments lice
sextant and mural qui
O ity one e e

in 1609 the telescope was invented but did not help much as angular measurements were not easy

+ inthe 17th century afilar micrometer was invented allowing to measure the angular distance by means of
the two wires

+ inthe 18th century knowledge of materials allowed engraving scales to ahigh precision
= accuracy improved to arcseconds
~  allowed detection of aberration, proof of the Earth moving thraigh space

in the 19th century even better engraving was possible allowing detection of parallaxes
— first distance scale to local universe

in the 20th century photographic plates enabled high precision astrometry
~  accuracy imporvedto 0.1 arcseconds
- limited by atmosphere
~ hipparcos impraved accuracy to 1 milliacrsecond
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Astrometric Reference Catalogs
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Astrometric Reference Frames

. %UPER@NLA@THQ"

. It was designed to have its, equator
dlwedl with, the: su\my@almwmhamé a major structure i the: local| universe:
formed by the: preferentiall distribution of nearby galaxy clusters (such as the
W@a cluster, the Great Attractor and the. Pisces-Perseus supercluster).

- The noith supergalactic pole (SGB=90°) lies at galactic coordinates (1=47.37°,
b=+6.32°), In the. equatorial coordinate system, (epoch J2000), this is:
approximately (RA=18.9 h, Dec=+15.77).

— The zero point (3GB=0°, SGL=07) lies at (=137.37%, b=0°). Im J2000 equatorial|
coordinates, this is approximately (2.82h, +59.5°%).

* "GALACTIC":

- Galactic coordinates (IAU 1958). The galactic coordinates define a spherical
w@mmmmm&m at the: center and & plane: paralle to the: general|
orientation off the: Milky, W g@lw% wmd\ wm as the: galactic. equator.

= Im 1959, the: IAU defined between the:
coordinate system and| wﬂmm mem system. Accordingly;, m Milky, Ways;
noith, galactic pole is exactly RA xmmms, Dec 27°0742.01

= The "zero off longjtude’ @%Fﬁi wm wmm was, mhb]a&@@m
17hA5m37.224s, Q% 0}23{'3(( its: J2000 position angle is;
122.932°. Since the plane of the galactic eaumrr lies above: the plane through
the center of the galaxy the. g,almm center is offset from the longitudinall origim
and is located at 17h45m40.04s, -29°00/28,1? (J2000).
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Astrometric Reference Frames

"ECLIPTIC":
- Ecliptic coordinates (IAU 1980), referired to the ecliptic and mean
equinox specified by the qualifying Equinox value. The ecliptic
coordinate system is a celestial coordinate systemthat uses
the ecliptic for its fundamental plane . The ecliptic is the path that
the sun appears to follow across the sky over the course of a
year. Itis also the projection of the Earth's orbital plane onto the:
celestial sphere,
"HELIOECLIPTIC":

— Ecliptic coordinates (IAU 1980), referred to the ecliptic and mean
equinox of J2000.0, in which an offset is added to the longitude:
value which results in the centre of the sun being at zero
longitude at the: date given by the Epoch attribute.

6-12-2006 Lecture Series on 1
Virtual Observatories

Astrometric Reference Frames

. EW@ o "EQUATORIAL":

E Seer qualfied by an Equinox value,
- mw sm«mmmwwmmmmmemew

than

o

WHW\G'VQE% UWN'HS(N[H@“& Qﬂﬁlﬂﬂlﬂiﬂ“ﬁ,

— TN mair chanaes i i the ransiti the FKd to FK5, Toll

- Wmemwwemmmumwwmwhemam jions and
JEK compuied o mmwwmwm%ﬂﬁmmumn&m«m%

‘ %?&n“é“" ?&WW%%W%WJ&WWMWWW

~ é% fithe. Trans, 1AW, 1977, XVIB, 52~
. "F‘kfﬁ‘
— Theold baryeentriceq ﬂmﬂmﬁrﬁlmw
S&mlw be qualified: w'{am Equinox value:
O O e S Sy et o
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Astrometric Reference Frames

TheEarth precesses
or wobbles on its axis,
once every 26,000
years. Unfortunately,
this means that the
Sun crosses the
celestial equator at a
slightly different point
every year, so that our
“fixed" starting point
changes slowly - about

Celestial
Equator
0° DEC

vernal

Equinox 40 arc-seconds per
Oh RA, 0% DEC. year.
inter Solstice
18h RA, -23 5° DEC
Ecliptic and equatorial coordinates
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Astrometry Reference Frames

~ Equinex
w%%MWMMSmmmmmmmmdﬁmM

~ Is used to qualify those celestial coordinate ms which are:
%@mﬂ m@mﬂgwlmzmmm@ﬁ Earth's erbit around the:
« Both of these planes are: in motion and their positions: are diffieult to specify

wmww
These, together with the point on the Mdﬁhn@@mmmmwm

mlmwmwm m’ mwﬁ%m"m&mw:m" mmw

mmmmm@ms@m || which removes; the more: rapid| mmamm

ed by 3 moment i tme
%@W%mm% e %%&‘?ém m'ﬁ%@%% e o

= m w@mn Equinox value is
* B1950.0 (Besselian) for the old FK4 based coordinate systems;
« J2000.0 (Julian) for others;
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Astrometric Reference Frames
» Epoch:

— an epochis a moment in time for which celestial
coordinates or orbital elements are specified. In the
case of celestial coordinates, the position at other

times can be computed by taking into account

precession and motion.

proper
= Thnsam%utensuse&toquaﬁythehmdmteme
systems moment in time when
mdm@)é%@%m be correct.
— Often, thsmlbethedaleoﬁ@bsewam and is

g.mammoases coordina systermsmwe
wil to each other over the course of time.
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Astrometric Reference Frames

. I@RS The International Celestial R@ﬁeﬁeme System
ugh the: Hipp Whilst not am equatoriall system by,
definition,,
= Very close to the FK5 (J2000) system and is usually treated as; an equaterial
Distinction between ICRS, FKS (32000) only becomes: important whem
wnggmsem mill- am%?’d& { 7
ICRS, need; not be qualified by an Equinoxvalue.

The directions of the ICRS pole and right ascensions origin are: maintained fixed
relative to the quasars within +/- 20 microareseconds:

— The ICRS IE% with the: conditions: jfied by the 1991 IAY
m@i spegl by,

. mn lglwaﬁ%bm o he soley System rough appropriate: modelling
. E‘?%%Jm%%mmm&%w%mew precession
" B T TR st g somson o0
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Astrometry Reference Catalogs

ASTROMETRIC DATA: currently recommended INFRARED SOURCES

Hippart CPIRSS: Catalog of Positions for Infrared Stellar Sources
o2 2MASS: Two-Micron All Sky Survey
UCAC2: USNO CCD Astrograph Catalog, 2nd release CATALOGS FORTHCOMING

UCAC2 Bright Star Supplement UCAC (final)

USNOBLO DOUBLE STAR CATALOGS
ASTROMETRIC DATA: ornot WDS: Double Star Catalog
FK5 6th Orbit Catalog

IRS: International Reference Stars MAGNITUDES AND SPECTRAL TYPES
ACRS HD: Henry DraperCatalog

PPM PARALLAXES

TYCHO4 HipparcosCatalog

ACT Reference Catalog Gheral Catalogue of Trig. parallaxes

Tycho Reference Catalogue VARIABLE STARS

AC: Astrographic Catalogue Hipparcos and Tycho-2 Catalogues
UCAC1: USNO CCD Astrograph Catalog, 1st release GCVS: General Catalog of Variable Stars
GSC 1.2: Guide Star Catalog version 1.2
usNoAzo

USNO SA2.(
GSC2.2: Gulde Star Catalog version 2.2
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Astrometric Reference Catalogs

+ USNO-A2.0 has adopted the ICRS as its reference frame, and uses the ACT catalog
(Urban et al. 1997) for its astrometric reference catalog.

+ The Hipparcos satellite established the ICRS at optical wavelengths, but stars in the
Hipparcos catalog are saturated on deep Schmidt survey plates as are the brighter
Tycho catalog stars. Fortunately, the fainter Tycho stars have measurable images, so
each survey plate can be directly tied to the ICRS without an intermediate astrometric
reference frame.

+ The proper motions contained in the ACT catalog are more accurat e than those in the
Tycho catalog, so the ACT was adopted as the reference catalog.

+ USNO-A1.0 use the Guide Star Catalog v1.1 as its astrometric reference catalog, and
the availability of the ACT was the driving force behind the conpilation of USNO-A2.0.
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Astrometric Reference Catalogs

Ucac2
. @ammmm highly, aceurate; astrometric catalog of
48,330

= mm@w“"@m%‘u@ egr ing up to +52 degrees in, some:

= lmwmm photometry, are provided for: all stars,

= mmmmﬂmmmm Im@;mmmmaﬂ .

2000 i
3 ? 'Mmﬁm’-ﬁ%&%ﬁ%&%“ Rl have

= the order 0.1 10,03 magy - i
. UsSNOB {

= lgamdlrsjmmmmm

= %ﬂmmm agn in various: opticall pz , and star/galaxy,

mnmmmmmwmammmmm
provide: all-sky coverage, completeness; down to V= 24,

= 02 aresecond astiometric aceuracy at 32000,
- agy . n mpﬁmﬁw@ colors.
- 8% fori guishing sta stellarr objects,
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Astrometric Reference Catalogs

yeho™
+ Epochis J2000.0
! " -
. %Mwm@%wmmm&@mmwmm

+  Number of entries 2,539,913
. W@mm@w<©mvm
— all stars, positions 60 mas
| all stars, proper motions 2.5 maslyr ’ 1
b Wmmmgm@)mW<©m®m3m !
all stars 0,10 mag
« Stardensity
b= 0 deg, 150 stars/sq.deg; - *
b= 30 deg; 50 stars/sq.deg,
~ b= £90 deg, 25 stars/sq;deg,
« Completeness to 90 per cent V ~ 11.5 mag
« Completeness to 99 per cent V ~ 11.0 mag
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Astrometric Reference Catalogs

* Hipparcos Catalogue
— includes 118218 preselected entries brighter than V/ 12.4
— 117955 with associated astiometry/
— 118204 with associated photometry..
— Observations were made from 1989.85 to 1993.21, with a mean epoch
aummmm%m@a@m catalogue epoch.
— Standard errers are functions of magnitude and ecliptic latitude..
« Right Ascension 077 mas |
« Declination 0,64 mas I
« Parallax 0.97 mas
~ Proper motion RA 0.88 maslyr
« Proper motion, DEC 0.74 maslyr
{ - ﬁsxzwmmmmmmmmn@mmmmmM

incidence the adopted system estimated
to be within 0.6 mas about all 3 axes, mmwau%m%»mmwm
the range 0.25 mas/yr, also about all 3 axes
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Astrometric Calibration

T T =

VEESRRT

6-12-2006 Lecture Series on 24
Virtual Observatories




Astrometric Calibration

by bl i, ] PR (AL 0]

Palomar Sky 1
SurveyPlate {
Optical distortion |
map {

|

{ amypan
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Astrometric Calibration

Ui 1, 1 B

£
e
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Intrinsic Positional Accuracy

*» Seeing influences Int(;j rsmsic
the astrometric ] L
accuracy

Good seeing
0'5
/‘\ Bad seeing

——— —1F
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Intrinsic Positional Accuracy

e

FWHM=1.1", Exp=10s

b)

_0.5F  FWHM=L1", Exp=30s

0 10 30 40

0
(i) /100
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Astrometric Calibration
T

R e [ 8
e
1
il"l{[ a
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Astrometric Calibration

linear transformation ol BT

i 3s
matrix rotates, skews, L "
and (optionally) scales

cDi_js
INTERMEDIATE PIXEL 4
‘OORDINATE :
rescale to physical <CDELTis
INTERMEDIATE WORLD -
COORDINATES :

CTYPEis

coordinate computation CRVAL
per agreement Vi

WORLD
COORDINATES

q
g
2 2
=
b4

8

)
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Astrometric Calibration

Sep
* Aberration N A I
— Annual aberration is due to the revolution \ /
of the Earth around the Sun. \\T\n’a’r/ N
— Planetary aberration is the: combination
of aberration and light-time correction.
~ Diurnal aberration is due to the rotation Sen
of the Earth about its own axis. 45° Jun\/ \/Dec
— Secular aberration is due to the motion N
of the Sun and solar system relative to Mar
other stars in the galaxy
Sej
0° Jun ,,M,a% -- Dec
R B e
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Astrometric Calibration

» Atmospheric Refraction

— The deviation of light or other electromagnetic wave fiom a straight line.
as it passes through the atmosphere due to the variation in air density
as a function of altitude:

= The atmespheric refraction is zero im the zenith, is less than 1' (one:
arcminute) at 45° altitude, still only 5" at 10° altitude
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Astrometric Projections

TAN
STG
SIN| SIN
STG
TAN
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Astrometric Projections

08T
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Astrometric Calibration

 Emors

— Centering errors
dx=c, +byh+x (e x+f,h)
dn=f, +b,x+h (¢,x+f,h)
— Aberration

dx=c, +a,x+¥2c, (R +h?)
dn=1, +ah+%f, (€ +h?)
— Refraction _

dx= kg (1 +32+ h2)J(L 4% x+ hy ) (%~ %) mﬁm:wﬁ

dh =k (192 +h2)(L +x, X+ g h) (Mo - ) - second order: slightly larger than,
aberration
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Const: independent of object:
position,

First order: rotatiom 1" -> 0702
Second order: 17-> 0702
displacement: 1° off-axis:

— Const: displacementdirection

n
First order: scaling parameter:
Second order: 17->07006,
displacement: 1° off-axis:

Astrometry Projections

AzZP 90 Zenith perspective
TAN %0 Gnomic

SN %0 Othographic

STG 90 Stereographic

ARC %0 Zenith equidistant

PN %0 Zenith polynomial

ZEA % Zenith equal-area

AR 90 Ai

cvp 0 Cylndrical perspective

CAR 0 Cartesian

MER 0 Mercator

CEA 0 Cylindrical equal are

cop % Conical perspective

cop % Conical equidistant

COE 90 Conical equalare

coo %0 Conical orthomorphic

BON 90 Bonne's equal aera

PCO 0 Polyconic

GLs 0 Sinosoidal

PAR 0 Paraboiic

AT 0 Hammer - Afoff

MoL 0 Moliweide

csc 0 Cobe Quadrilateralized SphericalCube
Qsc 0 Quadriateralized Spherical Cube
TSC 0 Tangential Spherical Cube
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Astrometric Projections

Gnemenic projection
Fonward
@pR)-> (2)
Backward
@?)>@.8)
4 y
iate
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« Single field

— Polynomial
description

Xxy)=a+Sh Xy
h(xy) = c+Sd Xy

6-12-2006 Lecture Series on 39
Virtual Observatories

Astrometric Calibration

» Overlap fields ’ P —

- Independent set of
paramdfield

— Dependence of band
d with field e :

X(xy) =2+ SS by xiyifk ; -

hxy)=c+SSe;xyfk |

— Spatial terms S S R ‘
Chebychev

Posy =E Ry() + P,1(H)=0
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Astrometric Calibration

* Least Squalres
— Pairing
« Extracted objects with reference catalog
— USNO-A2 100 sources: (RMS 0'3)
— GSC 8 source (RMS 0/3)
= Tyche 1 source: (RMS 0/03),
= Hipparces 0.1 source: (RMS 0/003),
~ PPM 0,3;s0urce (RMS 0'1)
« Extracted objects im overlap
~ Intemal extraction precision RMS; 0.1 pixel| (< 0703),
= Minimization
« Sum of ied differences weighted with pesitional precision
Squared dif ght posi i
- lterate
« Kappa-Sigma clipping > 4s excursions
= Remove eroneaus painings:
= Minimize cenering efors:
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Astrometric Calibration

iti=p n

vy f)=ag+ Y 3 bigpa'y' f*

i+j=1k=0

ij=p n

Ny, f)=cpt Y Y dipaty’ -

i+j=1 k=0
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Astrometric Calibration

! 2
) H”Z' iy ) —¢f mpiets et (@i, yi, ) — ]
=1 =1 02,04(1) 02 ,4(1) =1 =1 0204(1) +a2 at (1)
e 112 N RN
5 Jf) =Gy ) - (G -6
=== 02 ealis 1) + 02,00 (i, f2)
. 2
ngield Ty ’”i‘ (i, yis 1) = 0@ yi f1)) = (1 f’*n,h)‘
4
=== Ores(is f1) + 07,00 (s f2)

Astrometric Calibration

| S=(A-X-B)"-(A-X - B) |

Xi = affori<ng

X = byfori>n;

B = Gy fori< Ny

Bi = (G = (Gpp) fori > Neey

8i7,/ai for i < Nyop and j <njy

for i < Nyep and j > ny

0 for i > Nyey and j <ny

Ay = (o £ - 1

ZiYis f2)) /0 for i > Nyey and j > ny
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Astrometric Calibration Astrometric Calibration
b
L)
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Astrometric Callbratlon ;
Astrometry Basics
o ash et e ] o T x CDELTL 0 0
0 o Yy 0 CDELT2 0 ...
3 : z = 0 0 CDELT3 ... x
i IR AR, N TR
339.8 340 340.2 340.4 340.6 339.8 340 340.2 340.4 340.6 M N N N
ra (deg) ra (deg)
PC001001 PC001002 PCO01003 ...
PC002001 PC0O02002 PCO02003 ...
PC0O03001 PC0O03002 PCO03003 ... 2
il e i H B
1046 —40.44 ~1042
dec (deg) o
11— 10
P ‘1 J—Ja
\“1\“1‘5 k=ko
. Ll d
PR 10
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Skycal - version 3.0, ScFKKUIJKEN:WFJ-—— {844 ccd5% Regr=Sck53858 58931051t (1)
e Yew Grphcs  Go

Keyword e Comments
CRVALI value at reference point  clarified meaning of reference point forced by projection; no default E
CRPIXi pixel of reference point clarified meaning of reference point forced by projection; no default H
CROTAI  rotation at ref. point deprecated  replaced by PCillj
CTYPEI coordinate/projection type  clarified for spherical coordinates, first 4 characters give "standard sys tem” used in "
CRVALN . FITS Flexible Image Transport System
second 4 characters give type of projection as in Table 5; no default.
cunmi units of coordinate values  new character valued; keep it simple please: ignored for angles which are always fixed logical record length of 2880 bytes
degrees ;
peiii coordinate inerement new Convert sl numer o sl log u cordintes pe:ger re'fwﬂds vzmbya';] thy:je kem%d-gquals';wlg? ;ubsvﬂclure ’
default = o(ii eader is followe e header-specified number of binary data records
coiij coordinate increment defined Symorym ot PGill] imes CDELTndlagonal maui; deprecate no defaul; with optional extension records
—should not be written
coij coordinate increment defined synonym for PGilij times CDELTndiagonal matrix; deprecated no default;
~should not be written CRVALN  coordinate value at reference point
LONGPOLE ~ coordinate rotation new longitude in the native coordinate system of the standard systan's North CRPIXn  array location of reference point in pixels
pole; CDELTn coordinate increment at reference point
default = O i 110 2 °0, = 180ffi otherwise. -
LATPOLE  coordinate rotation new latitude in the native caordinate system of the standard system’s North pole; ' gg‘gﬁ” s oo @ Chafsé )
default (= 999) equivalent given by Eq. 7 with + taken L N rotation from stated coorinatetype
PROJPM  projection parameter m  new parameters required in some projections, see Table 5: no defaultfor m =
hervise 0.
Coumox  comnaespon %% ol e e anutor n v n years: osseto i, tan CTYPE s RA-and DEC  equatorial coordinates
FKS: : : or GLON and GLAT  galactic coordinates
see Section 3 for defaults or ELON and ELAT  ecliptic coordinates
MID-OBS  date of observation new Hodifed Julon Date (U0 - 2400000.9) of observaton i days: with projections
efault = or, it missing, . PR " "
RADECSYS  frame of reference new stig deniying heframe o eerence f the equatoral coo dinates Tilm orthographic prgl‘ectlon ((rat‘iloajs:lnmesls) )
default = 'FK4' for EQUINOX < 1984:0 and K5 for > or gnomonic projection  (optical telescy
CmVALi value at reference point new (m=2; 3; : : :9) secondary coordinate for axis i; no default. or -ARC  zenithal equidistant projection (Schmid telescopes)
CmPiXi pixel of reference point new secondary coordinate description: no default. E
ChELT incrementatref ot new Secondary coordinats descipion: 1o dfaul Or -NCP__ onthographic projection (east-west radio interferometers)
CmYPEI  coordinate/projection type  new secondary coordinate description; no default.
cmnmi units of coordinate values __new secondary coordinate description: no default except angles are i n degrees. .
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T/ TTEe Fornat = g 7T o e T dn ey
-32 / bits per pixel W 7 Instrunent u
2 / single inage w122 7 E50 Torencope N
2442 / x size noc7o 1 / Targer dascription
z 1881 o “saglia ' ane of observer
T T s s ESO-LASILLA European Southern Gbservatory
Saglia 7 Name(s) of proposer(s
6.052234070866-13 / o comnent R
"NGCa79_1 !/ no comnent 200.0170 / Totad dnegration
30.5452107082 / no comment 161962560 330000 pointing
1.00000827428 / no conment 1 2534:36.4 DEC (72000) pormeneg
“WEL */ o connent 12005-12.08T15140.45.762" / Date ihis. File was madtien
WP1-2.2 '/ no comment P00-01OIUSAZ IS/ UT dute and cime of observation at ol
-20.2543 / 1o comment 8. 661 11:20:18.661 1
~70.7346 / o comment 11534276 i1a-27 e
e e = 200 7 :m.gmlm (vears)
st 0] frfesssese 5163813349336 7 Wb start. (2000.04-04105
T Extensions 4
- !/ o comment “WET.2000-04-04103:12:13.826. fits’ / Archive File Nane
“RA--- '/ no comment “08:12:14.276" a
162.3913043 / no comnent *12:20:18 661" T at s
posesiol oo coemec: 35600 ! fversged six mss
CTYPE2 = 'DEC--TAN o comment DUGETY= “ORIECT ) Observation
12.4u5s0051 o o comont HIBRARCH £SO 0BS FROG 1D = "064.1- 0007 S0 progeen dentification
’ 0 7 o coment ' ¥ HIERARCH ESO DPR DID = "ESO'VLT-DIC.DPR-L.5' / DIR Dictionary '
-5 ssssssszsems /o e 1 B 1
' o coment ¥
o0 comnent . / Extension type
5555555630205/ no coment 15 % of bica storing pix values
£7183.23876953 / no comment 2 7 # of axes in ray
§7050.4921875 / no comnent 24 7 # pixels/axis
§37.706805150 / no comnent 28 7 # pixels/
307969127936 / o comment 0 1 Nomber of paraneters pe group
534.767578125 / no comnent . . ==o
oot outmeaa s ffroeommmee I A it .
Unknovn 1o comnent . / Bixel coordinase syaten
“Unknown 1 o coment 10 7 Ref pixel in X of full chip
-1/ no comment 10 7 Ref pixel in ¥ of
o coment 0.0 7 Ref pixel of center of rotation
12000-04-04T03:12:13" / no comnent ~4097.0 /et pixel of center of rotstion
omnent 10 7 Binning
“Unknown * /o connent 10 | Vinning fosror
17 no coment 5.9 7 real-fits-value BSCALEHBZERD
6-12-2006 S200£0c357cS3206c2cEe10438e0 e / DS checksun 53 612-2006 o e i o tsous e 54
A 51635.15349536 719D start (2000-04-01105:12:15.526)
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Astrometry in pipelines
« Source Extraction Y MAGE #yectposion aloney

IDL find

"X2_IMAGE #Variance along X',

Y2_IMAGE #V: al
Se)ku’a@t@r XY_IMAGE #cau%:?uca?‘c: fR— ¥,

'ISOAREA_IMAGE #Isophotal area above Analysis threshold',

DAO h t "BACKGROUND # Background at centroid position’,
phoi ‘FLAGS #Extraction flags’,

L
"THRESHOLD #Detection threshold above background,
"FLUX_MAX #Peak flux above background,

"A_IMAGE #Profile RMS along major axi
"BZIMAGE #Profile RMS along minor axis',

|R AF//STSD AS THETA_IMAGE #Position angle (CCW/',

ERRA_IMAGE # RMS position error along major axs *,
‘FLUX_ISO #Isophotal flux’,

'FLUXERR_ISO # RMS error for isophotal flux’,
* Astrometry TR IS0 s s

"MAGERR_ISO # RMS error for isophotal magnitude’,

= Individual routines L A G S e Al

"MAG_APER #Fixed aperture magnitude vector',

—_ Sepa[fate S@ﬂw@"e ‘MAGERR_APER # RMS error vector for fixed aperture mag.,
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Astrometric
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Intrinsic Positional Accuracy

Astrometry WEBServices

Modes of pixel distribution Gaussian fit to pixel distribution
3 Astmmenc Caanram example
80 80
.
60 [ B 60 - B
.
ea0 4 L 4 - pos(positional data)
- This section describes all quantities related to the position of
an object on the sky:
2oy 7 2oy 7 Am@uiarr coordinates, and projections from spherical to gular
L e F N 3 _Ary%uarr measurements in general (the angular size of an object is
. . S 0 7\1.6. L 1\0 e in this section, its linear size is in the phys: section).
A¢ [mas] a5 [mes] +  The WCS FITS keywords.
6-12-2006 Lecture Series on 57 6-12-2006 Lecture Series on 58
Virtual Observatories Virtual Observatories
Q|pos | Position and coordinates [<!DOCTYPE VOTABLE SYSTEM "http://us-vo.org/xml/VOTable.dtd ">
[<VOTABLE ID="v1.0">
g: ';‘;:::gg'ess‘;’:ﬁ;n |A’%‘:}':{‘iﬁ;ﬁfjﬂ:‘“”“""" <DESCRIPTION> SIAP output for Aladin server </DESCRIPTION>
Q|pos.az | Position in alt-azimutal frame <RESOURCEtype=results'>
Q|pos.az.alt | Alt-azimutal altitude <‘NTF&'FE'“E 'QUERY_STATUS" value="0K"/>
< >
olpoeaz i dstance o e for Position <FIELDID="Oservation Name" usd=VOXmage Tie" datatype="char araysize=""">
S|pos.barycenter | Barycenter
S|pos.bodyrc | Body related coordinates “P" means that the word can

Q| pos.bodyrc.alt
Q| pos.bodyrc.Jat
Q| pos.bodyre.long
body)
S|pos.cartesian
Q| pos.cartesian.x
Q| pos.cartesian.y
Q| pos.cartesian.z

Q|pos.eq.dec
Qlpos.eq.ha
Qlpos.eq.ra

Q| pos.eq.spd
S|pos.erorElipse

P|pos.

| hos.wes camatrx
P pos.wes.crpix
P|pos.wes.crval
P|pos.wes.ctype
P|pos.wes.naxes
P| pos.wes.naxis
P|pos.wes.scale

| Body related coordinate (altitude on the body) | 0nly be used as*primary” or
| Body related coordinate (latitude on the body) | first word;

| Body related coordinate (longitude on the
*S” stands for only

ula) the word cannot
| Conouan cooranate a\ong the x as be used as the firstword to
| Cartesian coordinate along the y-axis describe a single quantity;

| Cartesian coordinate along the z-axis
*Q" means that the word can
| Declination in equatorial coordinates be used indifferently as first
| Hour-angle or secondary word;
| Right ascension in equatorial coordinates
| South polar distance in equatorial coordinates
| Positional error ellipse

|wcs keywords
WCS CDMATRIX
|WCS CRPIX
| WCS CRVAL
|WCS CTYPE
| WCS NAXES
| WCS NAXIS
| WCS scale or scale of an image
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SHIELD P e e o andPass 10" Gatatype= char” aitaysize *
Location” ucd='VOX:Image_AccessReference" datatype ="char" arraysize=
"PlateNumbe* datatype="char" arraysize ="*" />
<FIELD ID="ObservingProgramName" datatype="char" arraysize="*" />
<DATA>
<TABLEDATA>
<TR>
<TD>GOODSWFI_ICLWP_DEEP2C-FI/TD>
<TD>53.119485 </TD>
<TD>-27.803630 </TD>
<TD>2</TD>
<TD></TD>
<TD>0.000066 0.000066</TD>
<TD>imageffits</TD>
<TD>ICLWP</TD>
<TD>></[CDAT/ asbg.fricgi b 054080+
27.707217&survey= GOODS WFi &color= CLWP feld-DEEP2C- FI PREVIEW&mode view]]></TD>
<TD>DEEP2C-FI</TD>
<TD>GOODSWFI/TD>
>

“ref="Packaging’ />

<
</TABLEDATA></DATA>
|<TABLE>

VITOaro!

10



=
] TNy TR T

i prie e b g

o R

6-12-2006 Lecture Series on 62
Virtual Observatories

Astrolabe -> Astrormetry

Exercise 1
Astrometric Projections

Go to Marc Calabretta’s WEBsite and download the images for TAN, STG and

SIN. Inspect the FITS header information for each of these images and see the
result in SkyCat.

Explain the changes you see while blinking from one to the other.

URL http://www atnf csiro au/peaple/mealabre/
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Exercise 2
WCS and pixel conversion

Download the DSS image for M33 (30x30 arcmin) (POSS Red plate).

Enter M33 in the Object Name field and GET COORDINATES. You will now see the
bulge center coordinates of M33 in the RA and Dec field.

URL http://archive stsci edu/cgi-hin/dss form

6-12-2006 Lecture Series on
Virtual Observatories
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Set the image size to 30 arc minutes in both right ascension and
declination.

Select the image source you wish to extract from: POSS2 Red plates.
Make sure the file format is set to Fits and the Save to disk checkbox is
set. Now retrieve the image

Retrieve an Image

Target: w33 Resolved by: STNBAD

detailed information about the Surveys)
RrA[TTE 02 Dec 039367 J2000 ]

a-nvsnn)m [ yp—
File format, ‘.,,..,-mmu L e —

ile to disk (instead of displaying)

'HST Field of View Overlay (Ist generation GIF only): [NONE =]
Roll angle (V3):

RETRIEVE MAGE | | Resetvalues o defeuls

Inspect the image in SkyCat and overlay the image with the USNO
catalog.

Explain the coincidence between the USNO catalog entries and some of
the stellar object in the image.

Do the same for the Blue POSS plate. Is there any difference?

Inspect the FITS header and describe the difference from the standard
WCS description.

Calculate the shift in RA and DEC to extract the DSS image for MB3,
now not centered on the bulge of M33 but exactly 200 pixels, in each
direction, to the North East. Retrieve this Blue POSS image and inspect
the correctness of the astrometry and compare both headers.

Now read into IRAF both the M33 bulge centered and 200 pixel offset
images. Shift the 200 pixel offset image back to the bulge (just by pixel
shifting) and subtract one image from the other. What do you see and
why is that.

| N Holn | FAQ 1© 1 Arbmlodeing DSS | Ofhar DS Sitos | CASG | Archiva |STSCT1 E
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«Start Aladin (either at hitp://aladin.u-strashg fr/iava/nph-aladin pl?-rm=
14.1&-server=Aladin or with the standalone soffware installed on your machine)
Exercise 3 «Click on the Load button
The time dimension
Example: the binary star **WNO?7.
How to visualize the proper
motion of stars with Aladin
Tutorial exercise from CDS (Aladin Science Cases)
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«  Type* WNO 7 im the target box «  You have now a list of all the availableimages around *WNO7
+ Click om SUBMIT « Choeoese 3 different plates:
— DSS1_POSSI_245 E
S - DSS2_POSSII 355
SEoSESCiEES - DSS2 POSSII 355 N
= S e oy e By To load an image, click om the name of the image and press Load or check
Aladin (| Aladin inage database A the box on the left and then SUBMIT. To close the window, press Close.
Step 11 Speciy a taroet and prase SuBMIT
Radius [0 sremin st
Hbers:... Step 2: pick up one of these images, and SUBNIT again 1
Sinbad
VLA...
e
Votest
Others. .
Local Fol
SUBHIT]) Data Tree | [Reset | [Clear | Close |
6-12-2006 Lecture Series on 71 =
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*You get the image display with the 3 images (colour spot flashes until the images are loaded).

[E- piaoin
@ tood... | Save... | Plugins... | rint.. | tetp...
4 e R Freter mvtnonzz st o 0 e s e
choose the reference insge for the re-sampling and
5 X press the CREATE button to crests 3 RGB inage plane.
i . - 1) Red: POSSI.E.DSS1.245 — "¥E UNO 7°
» o
3 Blues  PossIL.n.pes2.355 - "xx w0 77
. ¢ Sampling refi LR 6 B “best resolution
o . i ikions
¥ @umt\ Caveat | Close |
T, EPNEETS
Sk el
< 3 i 2oon 3¢ Create a color composition
. y 4 from the 3 images:
click on the RGB button
and then on CREATE
i (default values)
- = 7 Click on Close
N.B.: if you do not seethe
] default selections,
(o) ULP/CIRS 1999-2003 - Cortre de Doonées sstronsaiames de Strashors i please see the FAQ 7

Virtual Observatories € AR ETEIES CrEia

You clearly see the position of the binary is different from one plate to another.
We are going to quantify this effect.

Two possible procedures:

7| 1-click on the name of the plate
and on «Properties » button; or
2-right click on the name of the

plate and choose « Properties

of the selected plate ».

S e Pprojection reference.
Betete

Telete a1l planes

Create a neu fiiter

Create 3 new folder

Do this for each of the 3 plates.

122005 . LECIUTE SETIES O 74
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Properti of the plane
lets [peszaurossnr ]
Prpentesof the sl 05516 P0ST'*

[prates et QD Laset sz, possL) Latels [bssi..poss1
e et - ot resotseon = o epom i o o s com
= e s e oo >

—— b i T
[origin: D552 by STScl - data online provided by COS — e S o oy " SR e e
e petred Mt renoticn = | fw | G| | st e estion — | e

o] senes o] isits
(pe—
Top/Botton | Right/Left | Boply | Close | foply| Close
ooty | Closo

For each plate, the corresponding epoch appears in the property window:
Band E: 1951.839
Band J: 1987.751
Band N: 1995.653
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To measure the distance between two epoch positions: use the distance button
and drag a double arrow with the left button of your mouse between the 2 points.

y Errm o
= e b e e

Estimation of the proper
motion of ** WNO7:
32 .278"/(1987.751-1951.839)
=0.9"/an

g

You can delete the arrow
by clicking on the name
of the Drawing plate and
press del

8 ETpxED

N. you do not seethe distance
> indication, please referto th@&AQ

You can go further...

*You can compare this value to estimations from the litterature via the Simbad databas|
«Click on Load

«Click on the Simbad tab on the right

«Click on SUBMIT

«Close the window.

e an tnsge server or a data server

Insge servers: and 111 in the sssociated form drawn below R
vizieR

Aladin Catalogs
Surveys

in VizieR

SkyView Simbad astronomical database

Speoify  target (shject or J2000 coordinates)
rd press the SUBMIT button

Target |92 21 06,10 436 53 2.3 Grab ocord

Untest oouer the inage

OEUnD

Radius b1

11e sccess the nit. Cdes, arcsec) oan be spectfisd (defaults arcmin

Local Fov

6-12-2006 M,e. Reset | tear ] close —=
UAI ObServatones

O

A new plane is downloaded. It contains the Simbad objects for this region.

Two squares appear near each of the stars of the binary.

Each of it is an object in Simbad

«Clik on a square

*Below the image, you can see a line containing the information on the object selecte

e
f_ﬁ Lo, | Swe... | Plogins... | peint.. |

- [Er v e
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By moving your mouse over the different boxes contained in the line, you see the
associated labels.

pwRa : Proper motion in right ascension (UCD: POS_EQ_PHRA / unit: was/yr) [
¥ oo sz e e o oesel s s | I I B N e =
: /. \\
pmRa pmDec

Proper motion in Simbad: 0.9 “/yr
Itis consistent with our simple estimation
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FAQ

*  Wien | piess the REB buitom, |
don't have the piepes images

sellected by defauilt. Wiy? - -
« This cam happenif you loaded [Poowes | =rne= “
other images before. You then S st 3 o 353 25"
have to select them, manually in DSS1.E.pOSSI — "02 21 04,19 436 53 02.3"

the serolling, list. CREATE | Rosot| Caveat | Closo |

+ | used.to plot a double arrow with the « dist » button, but | don’t see the

distance indicationtine
‘Your mouse has to be positionned on the arrow to see the information line

If you have selected a different plane after the drawing, your distance indicator is

lost. You will have to redraw a double arrowin a new plane.
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FAQ (2)

o do | change the collours of e T e
S o @" N @ I:::l"l!: of the plane *“Drawing 1
+ Clicon the. name d the plane: you, want:
to modify; lcators

«  Push the Prop button (preperties)
« Select the.colour that suitsyou
« Press Applyand Close Poly| Closo |

Plane state: nigden  uisible
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Exercise 4 (Optional)

Astrometric calibration with
Aladin

Tutorial exercise from CDS (Aladin Science Cases)
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How to calibrate the astrometry of an uncalibrated
image: step by step

Install the: Aladin standalone version

Load your local image:

1st solution: use of an astrometrically calibratedimage (DSS)

2nd solution: use of an astrometricallycalibrated point source

catalogue (2MIASS)

load the DSS image/ 2MASS catalogue

Calibrate crudely your image with the DSS image:

1st solution: plot the point sources onto your image

m%gmm image positions and coresponding point source.

» 2nd solution: create your own point source catalogue inidentifying
andentering point sources on the DSS image

« Plotthe point sources onto your image:

. ggnmm’%gwew image positions and coriesponding point source:

Save the calibratedimage

s
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o o0

U i

Im erder to work with youri 0w lecal files, you have to install the
standalone version of Aladimn fiom, the web.

(htto:/aladi by fr JAladind: d loading)
-7 - 9! Y

-

6-12-2006
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Im order to load your FITS file inte Aladin click om “Load!. A new windew peps
up. Cliick om “Local” and ‘Browse” youii lecal file system. Wnen you have found
your: fille click om “SUBMIT".

6122006 |

i USEIvauIies

The image appears in the Aladi
as!

m wimd e with &

9 ing that there is no
associated with the FITS fille.

We have chosem am H band image provided by Gavazzi et al.*

*) The image has been
downloaded from the
GOLDMine database,
which is operated by
the

University of Milano-
Bicocca (see 2002,
A&A, 400, 451).

6-12-2006
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In erder to load a DSS image that is astiemetricallycalibrated, click om “Aladin’,
type the taiget name, ehose the image you want te display and elick om
“SUBMIT"..

Tihe DSS image iis loaded im a second plane and appears in the Aladim
wimdowt,

6-12-2006 87 6-12-2006 L i i T i 88
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st solution: use off am ically calibrated image. i ; ;
Chose a el h as close as possible to your image The 2MASS point souices are loadedinto a third plane and appear as red

wavelength (e.g. 2MASS), T% load the point source catalogue fior the:
astrometiic ealibration, click om ‘Suiveys in VizieR', chose the catalogue
and click om “SUBMIT".

Bt a
| W= R W T e R Y B Dol
e VirieR catalos service
([ Ty 3 L el g
Turg[ == s
1| Sare (5=

crosses on the DSS image.

I ender to assiign first, eiude coordinates to the

unecalibrated image, click on the center of the galaxy, leave the image with the:
curser and giiah the coorndiantes with the cursor (@rittem in blue).

’

]

]

A

s
[ -3
A
. li
)
T 'E_l s
Yorid Sl il e J |:I B
TR R T IR LT = |
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