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ICRF3 related problems

Accurate astrometry

Individual radio sources have positional accuracy of ~40 as (ICRF2, 

2009) or better (by now).



Deflection of light induced by the Sun gravity field and measured with geodetic VLBI

Proper motions in cosmology

Kristian, J & Sachs R. 1966, ApJ 143, 37

...]...)(
2

1
...

2

1

[

02

0


























 

























eeeHueeEeue
q

zz
H

c

eh
dt

de

Another test for the cosmologic model

“the major problem is that neither the distortion nor the proper motions are 

likely to be measurable in practice in the foreseeable future”

(Ellis et al. “Ideal physical cosmology”, 1985).



ICRF3 related problems

Proper motions

Over 30 years of observations individual proper motions are estimated 

with accuracy ~ 1 as/year or better
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Deflection of light induced by the Sun gravity field and measured with geodetic VLBI

Parametrical models (3+3+10)

A&A 559, A95 (2013)
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Fig. 1. (Top) Simulated path of the Solar system over about one revolu-
tion about the Galactic center, and contributions to the dipole (bottom
left) amplitude and (bottom right) orientation for an averaged oscilla-
tion period of 63 Myr and an amplitude of 71 pc, and assuming that the
Solar system crossed the Galactic plane 3 Myr ago.

reaches the maximum distance from the Galactic plane. When
this smaller contribution is added to the main contribution from
the Galactic rotation, the apparent direction of the dipole can be
displaced by about 5◦ from the Galactic center (Fig. 1).

3. Proper motion field parameters

We decomposed the systematic part of the proper motion field
into a dipole, a rotation, and a quadrupole. Equations (8)–(9)
of TLG11 appear to be vitiated. We corrected these formulae
here (Eqs. (5) and (6)) and followed the convention of Mignard
& Klioner (2012). The corrected TLG11 values are given in
Table 1. For a distant body of equatorial coordinates (α,δ), the
dipole part reads (see, e.g., Mignard & Morando 1990; Mignard
& Klioner 2012)

∆µα cos δ= −d1 sinα + d2 cosα, (1)

∆µδ = −d1 cosα sinδ− d2 sin α sin δ+ d3 cosδ, (2)

where the di are the components of the acceleration vector in
units of the proper motion. In addition to the aberration distor-
tion, there may also be a weak global rotation that can be de-
scribed by the toroidal harmonics of degree 1:

∆µα cos δ= r1 cosα sin δ+ r2 sinα sin δ− r3 cosδ, (3)

∆µδ = −r1 sinα + r2 cosα. (4)

Table 1. Estimated parameters (µas/yr) of the proper motion field.

DR DRQ DRQ11

No. sources 429 426 555

Dipole
d1 −0.4 ± 0.7 0.7 ± 0.8 0.7 ± 0.9
d2 −5.7 ± 0.8 −6.2 ± 0.9 −6.2 ± 1.0
d3 −2.8 ± 0.9 −3.3 ± 1.0 −3.3 ± 1.0
Amplitude 6.4 ± 1.1 7.1 ± 1.3 7.1 ± 1.4
Direction in α (◦ ) 266 ± 7 277 ± 7 277 ± 9
Direction in δ (◦ ) −26 ± 7 −28 ± 7 −28 ± 8

Rotation
r1 −1.1 ± 0.9 −0.5 ± 1.2 −2.4 ± 0.8
r2 1.4 ± 0.8 1.8 ± 1.3 0.4 ± 1.0
r3 0.7 ± 0.6 0.8 ± 1.4 0.8 ± 0.7
Quadrupole

aE
2,0

1.3 ± 1.0 2.8 ± 1.2

aM
2,0 0.3 ± 0.8 −0.7 ± 0.9

aE,Re

2,1
1.7 ± 1.0 4.1 ± 1.3

aE,Im
2,1

0.9 ± 1.1 1.7 ± 1.2

aM,Re

2,1
−1.8 ± 1.0 −0.6 ± 1.1

aM,Im
2,1

2.3 ± 0.9 2.0 ± 1.1

a
E,Re

2,2 0.5 ± 0.5 0.8 ± 0.5

aE,Im
2,2

−1.0 ± 0.4 0.3 ± 0.5

aM,Re

2,2
2.3 ± 0.6 1.2 ± 0.6

aM,Im
2,2

−1.3 ± 0.6 −0.3 ± 0.6

Postfit rms 15.86 15.64 21.56

χ2 1.02 1.00 1.91

Notes. The rightmost column (DRQ11) reports the TLG11 Table 3 val-
ues obtained using quadrupole Eqs. (5) and (6). Uncertainties are 1σ.

The quadrupolar anisotropy of the proper motion field is given
by the development of the degree-2 vector spherical harmonics
of electric (E) and magnetic (M) types:

∆µα cosδ= aM2,0 sin 2δ

+ sinδ aE,Re
2,1

sin α + aE,Im
2,1

cosα

− cos 2δ aM,Re
2,1
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sin α

− 2 cosδ aE,Re
2,2
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2,2
sin 2α , (5)

∆µδ = aE2,0 sin 2δ
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2,1
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In the following, we consider two solutions: the DR solution
only estimates dipole and rotation parameters, and the DRQ so-
lution estimates the 16 parameters relevant to the dipole, the ro-
tation, and the quadrupole.

4. Data analysis and results

The VLBI data processing made use of the analysis options
extensively described in TLG11. We extend the session list
to the end of February 2013. Due to the major 2011 Tohoku
earthquake, several Japanese telescopes in the Tokyo area were
displaced by several tens of centimeters. Consequently, these
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Fig. 1. (Top) Simulated path of the Solar system over about one revolu-
tion about the Galactic center, and contributions to the dipole (bottom
left) amplitude and (bottom right) orientation for an averaged oscilla-
tion period of 63 Myr and an amplitude of 71 pc, and assuming that the
Solar system crossed the Galactic plane 3 Myr ago.

reaches the maximum distance from the Galactic plane. When
this smaller contribution is added to the main contribution from
the Galactic rotation, the apparent direction of the dipole can be
displaced by about 5◦ from the Galactic center (Fig. 1).

3. Proper motion field parameters

We decomposed the systematic part of the proper motion field
into a dipole, a rotation, and a quadrupole. Equations (8)–(9)
of TLG11 appear to be vitiated. We corrected these formulae
here (Eqs. (5) and (6)) and followed the convention of Mignard
& Klioner (2012). The corrected TLG11 values are given in
Table 1. For a distant body of equatorial coordinates (α,δ), the
dipole part reads (see, e.g., Mignard & Morando 1990; Mignard
& Klioner 2012)

∆µα cos δ = −d1 sinα + d2 cosα, (1)

∆µδ = −d1 cos α sin δ− d2 sin α sin δ+ d3 cosδ, (2)

where the di are the components of the acceleration vector in
units of the proper motion. In addition to the aberration distor-
tion, there may also be a weak global rotation that can be de-
scribed by the toroidal harmonics of degree 1:

∆µα cos δ = r1 cos α sin δ+ r2 sin α sin δ− r3 cosδ, (3)

∆µδ = −r1 sin α + r2 cosα. (4)

Table 1. Estimated parameters (µas/yr) of the proper motion field.

DR DRQ DRQ11

No. sources 429 426 555

Dipole
d1 −0.4 ± 0.7 0.7 ± 0.8 0.7 ± 0.9
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Notes. The rightmost column (DRQ11) reports the TLG11 Table 3 val-
ues obtained using quadrupole Eqs. (5) and (6). Uncertainties are 1σ.

The quadrupolar anisotropy of the proper motion field is given
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In the following, we consider two solutions: the DR solution
only estimates dipole and rotation parameters, and the DRQ so-
lution estimates the 16 parameters relevant to the dipole, the ro-
tation, and the quadrupole.

4. Data analysis and results

The VLBI data processing made use of the analysis options
extensively described in TLG11. We extend the session list
to the end of February 2013. Due to the major 2011 Tohoku
earthquake, several Japanese telescopes in the Tokyo area were
displaced by several tens of centimeters. Consequently, these
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Fig. 1. (Top) Simulated path of the Solar system over about one revolu-
tion about the Galactic center, and contributions to the dipole (bottom
left) amplitude and (bottom right) orientation for an averaged oscilla-
tion period of 63 Myr and an amplitude of 71 pc, and assuming that the
Solar system crossed the Galactic plane 3 Myr ago.

reaches the maximum distance from the Galactic plane. When
this smaller contribution is added to the main contribution from
the Galactic rotation, the apparent direction of the dipole can be
displaced by about 5◦ from the Galactic center (Fig. 1).

3. Proper motion field parameters

We decomposed the systematic part of the proper motion field
into a dipole, a rotation, and a quadrupole. Equations (8)–(9)
of TLG11 appear to be vitiated. We corrected these formulae
here (Eqs. (5) and (6)) and followed the convention of Mignard
& Klioner (2012). The corrected TLG11 values are given in
Table 1. For a distant body of equatorial coordinates (α,δ), the
dipole part reads (see, e.g., Mignard & Morando 1990; Mignard
& Klioner 2012)

∆µα cos δ = −d1 sinα + d2 cosα, (1)

∆µδ = −d1 cos α sin δ− d2 sin α sin δ+ d3 cosδ, (2)

where the di are the components of the acceleration vector in
units of the proper motion. In addition to the aberration distor-
tion, there may also be a weak global rotation that can be de-
scribed by the toroidal harmonics of degree 1:

∆µα cos δ = r1 cos α sin δ+ r2 sin α sin δ− r3 cosδ, (3)

∆µδ = −r1 sin α + r2 cosα. (4)

Table 1. Estimated parameters (µas/yr) of the proper motion field.

DR DRQ DRQ11

No. sources 429 426 555

Dipole
d1 −0.4 ± 0.7 0.7 ± 0.8 0.7 ± 0.9
d2 −5.7 ± 0.8 −6.2 ± 0.9 −6.2 ± 1.0
d3 −2.8 ± 0.9 −3.3 ± 1.0 −3.3 ± 1.0
Amplitude 6.4 ± 1.1 7.1 ± 1.3 7.1 ± 1.4
Direction in α (◦ ) 266 ± 7 277 ± 7 277 ± 9
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Notes. The rightmost column (DRQ11) reports the TLG11 Table 3 val-
ues obtained using quadrupole Eqs. (5) and (6). Uncertainties are 1σ.

The quadrupolar anisotropy of the proper motion field is given
by the development of the degree-2 vector spherical harmonics
of electric (E) and magnetic (M) types:
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In the following, we consider two solutions: the DR solution
only estimates dipole and rotation parameters, and the DRQ so-
lution estimates the 16 parameters relevant to the dipole, the ro-
tation, and the quadrupole.

4. Data analysis and results

The VLBI data processing made use of the analysis options
extensively described in TLG11. We extend the session list
to the end of February 2013. Due to the major 2011 Tohoku
earthquake, several Japanese telescopes in the Tokyo area were
displaced by several tens of centimeters. Consequently, these
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yearaskma /4sec/102 213  

Secular aberration drift due to

Solar system galactocentric

acceleration

Electric type GW or Hubble constant anisotropy

Magnetic type GW



ICRF3 related problems

Secular aberration drift (dipole effect)

The most observed 55 radio sources (>1000 sessions)

Systematic is observable! yearasa /6



ICRF3 related problems

Quadrupole systematic 

(electric type for z<0.9)

Dipole only 16 parameters

Amp (as/year) 3.7 +/- 1.3 4.1 +/- 1.5

RA (deg) 285 +/- 23 283 +/- 22

De (deg) -44 +/- 20 -17 +/- 23

Rot (as/year) 3.6 +/- 1.2

Second harm 

(as/year)

7.8 +/- 1.5

256 ‘close’ sources (z<0.9)

Electric 

5.1 +/- 2.0

-0.0 +/- 1.8

-0.1 +/- 0.8

-0.2 +/- 0.8

-4.8 +/- 1.9

Magnetic

0.9 +/- 1.7

-2.7 +/- 1.6

-1.6 +/- 1.0

-0.2 +/- 1.0

1.3 +/- 1.5
(GW) may be constrained from the data



Phone: +61 2 6249 9111

Web: www.ga.gov.au

Email: oleg.titov@ga.gov.au

Address: Cnr Jerrabomberra Avenue and Hindmarsh Drive, Symonston ACT 2609

Postal Address: GPO Box 378, Canberra ACT 2601

Any Questions?

Thank you for your attention!


