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Note 
This contribution is based on the following papers:

Bustos Fierro, I.H. & Calderón, J.H. 2016, 
RMxAA, 52, 143

Bustos Fierro, I.H. & Calderón, J.H. 2016, 
RMxAA, 52, 413
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Motivation
Comparison of CFHT astrometric reduction using 2MASS as the
reference catalog with SDSS-DR9. (Zone1)
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Motivation

Comparison 2MASS vs SDSS-DR9. (Zone1)
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Da = (-6 ± 148)mas Dd = (39 ± 145)mas

2MASS – UCAC4 (Zone1-90)

Da = (-24 ± 193)mas Dd = (58 ± 184)mas

2MASS – SDSS (Zone1-90)

Differences in positions of 2MASS vs other catalogs
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Dd = (6 ± 134)mas

2MASS – UCAC4 (Zone1+180)

Da = (-18 ± 156)mas

Differences in positions of 2MASS vs other catalogs
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Da = (-17 ± 181)mas

Dd = (-8 ± 164)mas

2MASS – SPM4 (Zone1+180)

Differences in positions of 2MASS vs other catalogs
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UCAC4 – SDSS (Zone1+90)

UCAC4 – SPM4 (Zone1+180)

Da = (46 ± 131)mas Dd = (57 ± 128)mas

Da = (7 ± 153)mas Dd = (1 ± 145)mas

Differences in positions of UCAC4 vs other catalogs
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PPMXL – SPM4

PPMXL – UCAC4

SPM4 – UCAC4

Zone1+180 (southern)

Differences in proper motions
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PPMXL – UCAC4

URAT1 – UCAC4

URAT1 – USNOB1

Zone1 (northern)

Differences in proper motions
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URAT1 – UCAC4

PPMXL – URAT1

Differences in 
proper motions

Differences in 
positions

2MASS – UCAC4

Coincidence of systematics in positions with systematics in proper motions

2MASS-based



Rectification method: procedure

 Define working field 3ox 3o

 Match UCAC4 and 2MASS positions within 1” 

 Calculate differences (αUCAC4– α2MASS; δUCAC4 – δ 2MASS) 

 Define a square grid of step r=1’: nodes (ag, dg) 

 In every (ag, dg) a smoothing area is centered 

 Compute weighted mean differences (αUCAC4– α2MASS; δUCAC4 – δ 2MASS)
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We use as weight function a two-dimensional Gaussian

w(x.y) = wx(x) × wy(y)   

where         x = a - ag y = d - dg

wx(x) and wy(y)         are computed as

wx(x) = (exp (- x2/2sx
2) - exp (- K))/sx if |x| ≤ 3sx

wx(x) = 0   if |x| > 3 sx

wy(y) = (exp (- y2/2sy
2) - exp (- K))/sy if |y| ≤ 3sy

wy(y) = 0   if |y| > 3 sy

K was selected in such a way that when wx(x) = 0 if x = 3sx and wy(y) = 0 if x = 3sy hence 
K =9/2. Here sx and sy are the widths of RA and DEC of the weight function. With this definition the 

size of the smoothing area is 6sx × 6sy. The numerical value of sx is always between 0.5´ and 1.0´. 

Rectification method: weight function

13



Rectification method: the smoothing area
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Rectification method: procedure

 Define working field 3ox 3o

 Match UCAC4 and 2MASS positions within 1” 

 Calculate differences (αUCAC4– α2MASS; δUCAC4 – δ 2MASS) 

 Define a square grid of step r=1’: nodes (ag, dg) 

 In every (ag, dg) a smoothing area is centered 

 Compute correction (Da, Dd) by two-dimensional cubic spline interpolation

15

 Compute weighted mean differences (αUCAC4– α2MASS; δUCAC4 – δ 2MASS)



Results – Rectification of 2MASS positions

Before rectification

After rectification

Differences 2MASS – UCAC4 in RA (Zone1+90 - North)
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Before rectification

After rectification

Differences 2MASS – UCAC4 in DEC (Zone1+90  - North)

Results – Rectification of 2MASS positions
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Comparison of mean differences and standard deviations
in four different zones on the sky

Results – Rectification of 2MASS positions
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After rectification

Before rectification

Differences 2MASS – SPM4 in RA  (Zone1+180 - South)

Results – Rectification of 2MASS positions (RA)
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Comparison of mean differences and standard deviations
with external catalogs in four different zones on the sky

Results – Rectification of 2MASS positions
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Proper motions from original 2MASS positions (URAT1)

Results – Proper motions derived from rectified 2MASS positions

Proper motions from rectified 2MASS positions
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The catalog 2MASS revised astrometry  2MASSra

Rectification performed in the tangent plane

Working fields size variable with declination from 3°x 3° to 1°x 1°

Modifications in the rectification method

Working fields overlap ~10’ to 15’ in both coordinates

Working fields combined in declination strips

Declination strips combined in larger regions

Full sky coverage

Work in progress: 
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Update for Gaia DR1 ?



Conclusions

 The proposed method was able to reduce the systematic differences 
between 2MASS and UCAC4 well below the random differences.

 The rms differences 2MASS-UCAC4 are reduced from ~140 mas to ~90 mas.

 The 2MASS catalog rectified with the proposed method can be regarded as an 
extension to magnitude Ks = 15 of UCAC4.



Circles: UCAC4. Crosses: 2MASS.

2MASSra as an extension of UCAC4
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Conclusions

 Using Rectified 2MASS as first epoch and URAT1 as second epoch for the 
determination of proper motions, the systematic effects become negligible. 

 The proper motions of PPMXL and URAT1 are strongly affected by the systematic 
differences in positions observed in 2MASS.

 The proposed method was able to reduce the systematic differences 
between 2MASS and UCAC4 well below the random differences.

 The rms differences are reduced from ~140 mas to ~90 mas.

 The 2MASS catalog rectified with the proposed method can be regarded as an 
extension to magnitude Ks = 15 of UCAC4.

2MASSra to be available by December 2016
Do not hesitate to contact us: ivanbf@oac.uncor.edu
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