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The used catalogues
The PMA catalogue: combination of the Gaia DR1 and 2MASS catalogues

• 421,446,141 objects

• 6 – 17.5 J and Ks magnitudes (2MASS)

• 8 – 21 G magnitudes (Gaia DR1)

• σα,δ ≈ 10 mas (taken from Gaia DR1)

• σμα,δ ≈ from 2-5 mas/yr for 10 < G < 17 

to 5-10 mas/yr for fainter G magnitudes

• Gaia DR1 positions for the J2015 epoch

The main purpose is deriving absolute proper motions
(Proper Motions Absolute)



Comparison of the PMA with the TGAS and UCAC4
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The system of PMA proper motions is independent on 

ICRF and HCRF, and together with its own positions in the 

range from 14 to 21 magnitude represents an independent 

realization of a quasi-inertial reference frame in the optical 

and near infrared wavelength ranges.

(Akhmetov, Fedorov, Velichko, Shulga)



Stellar velocity field

We have only proper motions, so

- radial velocity

- proper motion components

- converting factor from 

mas/yr to km/s kpc-1



Two approaches for deriving kinematic parameters of the Galaxy 

1. Physical approach:  Physical model + LSM =  kinematic parameters

e.g.: Ogorodnikov – Milne model

11 parameters:

( Solar motion )
( Rigid-body rotation )

( Contraction - expansion )

( Deformation in planes)

(Ogorodnikov, 1965)



Vector Spherical Harmonics

2. Mathematical (formal) approach : decomposition of data onto the 

system of ortonormal functions on the sphere

where:

(Vityazev et al., 2009)

Thoroidal:

Spheroidal:

(Mignard & Klioner, 2012)



Stellar velocity field
in the tangential plane

(after projection onto the Galactic coordinate system)

via O-M model:

via VSH:
First, we select all significant harmonics,

(Vityazev & Tsvetkov, 2015)



Kinematic parameters based on 

the Ogorodnikov-Milne model from the PMA catalogue data

(common with the TGAS) depending on distance.
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2,048,407 objects Mixed spectral composition



Vrot

Solar velocity module

Kinematic parameters for PMA and TGAS catalogues via the O-M model

Oort B

Vrot = ( B – A ) · 4.738 [ km/s/kpc ]

Oort A

Solar velocity components
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Comparison with values derived by other authors from Gaia DR1 data

(Bovy,2016): [J.Bovy, Mon Not R Astron Soc Lett 468 (1): L63-L67]       304,267 TGAS Main Sequence stars

(Bobylev,2017): [V.V. Bobylev, Astron. Lett. 43: 152.] 75 young Cepheids, 99 middle-aged Cepheids, 86 old Cepheids of Gaia DR1

(Bobylev&Bajkova,2017): [V.V. Bobylev & A.T. Bajkova Astron. Lett. 43: 159] 238 OB stars of Gaia DR1

Mixed spectral composition

Distance = 1/

Oort B Oort AOort B



Kinematic spectra of the velocity field via VSH

R = 250 pc R = 550 pcDistance to the sample:
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(Vityazev & Tsvetkov, 2009)

Relations between VSH coefficients and O-M model parameters



Kinematic parameters for PMA and TGAS catalogues via VSH
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Reduced proper motions (RPM) and selection of red dwarfs

RPM(KS)= KS + 5 + 5lg(μ),

RPM

where  μ = ( (μαcosδ)
2 + μδ)

1/2

MKS = KS + 5 + 5lg()

Absolute magnitude

MKS = a · RPM(KS) + b

lg(r) = (MKS – KS + 5)/5

giants

subgiants

dwarfs

dwarfs

subgiants

giants

This sample of red dwarfs is not suitable  

for determination of kinematic 

parameters. Within 500 pc the Oort B

component is insignificant.

J ,K < 0.05 mag

Proper motions were corrected for 

the differential rotation of the 

Galactic disk and Solar motion

RPM(KS) > 8

≈ 5 x 5°



Oort A

Oort B

Reduced proper motions (RPM) and selection of red giants

Parameters form the PMA proper motions depending 

on distance derived from parallaxes and RPM
RPM(KS) < 2

Number of red giants depending on distance for common 

with TGAS  and full PMA samples.

PMA-TGAS PMA

Oort B

Oort A



Conclusions
There are systematic differences between proper motions of the PMA and TGAS 

catalogues.

It is hard to establish which of these systems is inertial. We study this problem.

The PMA catalogue allows to investigate the Galactic stellar velocity field up to large 

distances.

The kinematic parameters of the Galaxy were derived from the PMA and TGAS data.

Using the decomposition into VSH the Oort B and Oort A were derived up to large 

distances.

We confirmed conclusions derived by other authors that the O-M model is incomplete.

There are several extra-model constituents in the observed stellar velocity field.



Thank you for your attention!

Thank you for your attention!



Thoroidal harmonics (Mignard & Klioner, 2012)



Spheroidal harmonics (Mignard & Klioner, 2012)


