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� “Weighting” the MW out to large radii
� Role of interactions in the evolution of dwarf galaxies

� Origin of the MW statellite system & the Galactic Halo
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Current formal errors in absolute Current formal errors in absolute 
proper motions of stellar systems:proper motions of stellar systems:

Ground based:Ground based:0.1 0.1 ¾¾ 1.5 1.5 masmas/yr/yr

Space based (HST):Space based (HST):0.04 0.04 ¾¾ 0.5 0.5 masmas/yr/yr
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� Targets Carina (100 kpc), Fornax (137 kpc) & Sculptor (87 kpc) dSph,

� NTT 3.5m @ ESO/La Silla,

� SuSI2 2.5X5.0 arc-min2, fine pixel (80.5 milli-arc-sec/pix),

� Nasmyth-mounted imager, (usually!?) good seeing (££££ 0.5 arc-sec),

� 4 - 6 QSO fields per gal, 6 frames/epoch, “QSO method”,

��� � 0.1 mas/yr accuracy in 9 years (8 yrs time-base).

� 1st-epoch data taken in 2000, succesfully (excellent seeing, repeats)

� Subsequent epochs 2004-2008: Deep B frames for CMD, R frames for DCR,

astrometric frames (**never** as good seeing as 1st epoch��� � …)
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0240-3434AB

0240-3438
0238-3440

0238-3443

Rc=14 arc-min

mV(Fornax) ~ 23.4 mag arcsec-2

mV (Sky, CTIO) ~ 22 mag arcsec-2

S(Sky) ~ 3.6 x S(Fornax) !!
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Normalize coordinates to pixel size 

Find stars in common in different images and assign “official” names 

Reference stars list 

List of images to 
define standard 
frame 

ITERATION 
Proper motion determination for 
each reference star and quasar 

through linear regression 

Stellar coordinates files 

Official star names file 

Transform to barycentric coordinates 

Register barycentric coordinates into a 
common system of standard 

coordinates through multiple regression 

Image list for DCR 
coefficient determination 

Calculate standard 
coordinates 

·  List coordinates (by  epoch) for each star and quasar 
·  Transform coordinates from standard pixel to arc seconds 
·  Determine hour angle and air mass 

Information from image 
headers 

Determine DCR coefficient and apply 
DCR correction to all the reference 

stars and QSOs in all images Full list of images to 
be correctd 

Reference stars list 
 

New transformation to barycentric coordinates 
 

Full list of images to be 
registered 

Reference stars list 

Full list of images 
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hldd
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We actually work onbarycentriccoordinates, e.g., in RA, for star “i”:
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Replacing in (1), one obtains…
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ll = Chromaticdifferential
refraction “constant” (DCR)
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Registration order/coefficients chosen so as to minimize “intra-epoch” residuals
For NTT/SUSI2, 3rd order polynomial seems enough…

rms registration residuals similar to HST (~1/50th pix » 1.6 mas for SuSI2)

con

Multi-lineal regression:
Philip Bevington, 2003: “Data reduction and error analysis for the physical sciences”
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1st order
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3rd order
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(ma , md) = (0.57 ± 0.07, -0.17 ± 0.10) mas/yr, 3rd deg

9�*���9�*���9�*���9�*���9�*���9�*���9�*���9�*��� 44444444���������������������������������������� ��������������������������������������������������������
All reference stars (260 stars)

(ma , md) = (0.62 ± 0.09, -0.07 ± 0.09) mas/yr, 3rd deg
(ma , md) = (0.85 ± 0.10, -0.27 ± 0.09) mas/yr, 2nd deg

Cut atm< 0.8 mas y-1 (188 stars)
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-0.07 ±±±± 0.090.62 ±±±± 0.09
NTT+SuSI2
Mendezet al.

(this work: 1 QSO)

0.12  ±±±± 0.06-0.36 ±±±± 0.040.47 ±±±± 0.05
HST-II

Piatek et al.2007
(with CTI correction)

0.27 ±±±± 0.12-0.15 ±±±± 0.160.59 ±±±± 0.16
Plates+HST
(WFPC2)

Dinescuet al.2004

eccentricity

0.52 ±±±± 0.12
mmmmdddd [mas y-1]

-0.59 ±±±± 0.13
mmmmaaaacosdddd [mas y-1]

0.49 ±±±± 0.13

HST-I (PC+STIS)
Piatek et al.2002

(before CTI correction)
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Dana Dinescu´sconclusion (Sept. 2008): “…The recent HST results appear to 
determine larger-size proper motions than ground-based determinations. While this 
may not necessarily be incorrect, it underlines the challenges in these type of 
measurements, and the fact that these measurements are not yet secure…”


