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The used catalogues

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

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

« 421,446,141 objects * 6,5~ 10 mas (taken from Gaia DR1)

. 6—17.5J and Ks magnitudes (2MASS) * Oy~ from 2-5 mas/yr for 10 < G < 17
to 5-10 mas/yr for fainter G magnitudes

« 8 —21 G magnitudes (Gaia DR1)
» Gala DR1 positions for the J2015 epoch
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Comparison of the PMA with the TGAS and UCACA4
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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.

Scatter of individual proper
motions for LQAC3 quasars
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Scatter of individual proper
motions for ICRF quasars
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Stellar velocity field

U(l,b) = V,./re, + kujcosbe; + kupey

We have only proper motions, so

U(l,b) = kujcosbe; + kupey

V. - radial velocity

His b - proper motion components

Kk = 4.738 -converting factor fron
mas/yr to km/s kpc?t




Two approaches for deriving kinematic parameters of the Galaxy

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

e.g.: Ogorodnikov — Milne model
U(l,b)=Vo+Qxr+Mtxr

11 parameters:
+ . Aft -+ + -
M™ M_11 - M227 M33 - M22
( Contraction - expansion )
( Rigid-body rotation ) s C +
MIQ? MlS? MQS

( Deformation in planes)

Vo: UV, W inl,,wg,wg
( Solar motion )

(Ogorodnikov, 1965)



2. Mathematical (formal) approach : decomposition of data onto the
system of ortonormal functions on the sphere

Vector Spherical Harmonics

U(l,b) =
Thoroidal:
T”RF Tnkpef T T::Rp
Spheroidal:

an — gnhpef & gnhp

where: Knkp(l,0) =

E tnkp nkp'+' E Snkp nkp

nkp nkp

{m,,.,,;p (Lh), 1 0Kuy(lb) )
b

vnn+1) (  cosb ol

dﬁn.&;: .'r h fjﬁrnkp(.'{, b] Eb)

Eg+

cosh ol ol

w’ :-'?+1

o) k=0,p=1,
i o (b) sinkl:. Je==0.0=1.
Pﬂ (b)coskl, k#0,p=1

\

2”, + 1 ,q >0, (Vityazev et al., 2009)
k—0 (Mignard & Klioner, 2012)




Stellar velocity field

In the tangential plane
(after projection onto the Galactic coordinate system)

via O-M model:

[ . . . : ; .
kppcosb =U/rsinl — V/rcosl — wy sinbcosl — wy sinbsinl + Lu“g cosb — f\/ffg sinbsinl+

M5 sinbceosl + M7, cosbeos 2l — I\/[fi cosbsin 2l + — M 5 cosbsin 2l

kpp =U/rcoslcosb+ V/rsinlsinb — W/rcosb+ wi sinl — wa cosl — iM'fg stn 2bsin 21+

1 1 1
M7 cos2bcosl + M5 cos2bsinl — 2 M7, sin2bcos®l — iM'QE sin2bsinl + 2 M35 sin 2b

\
YEISLRE First, we select all significant harmonics,
p
Ky cosb = Z trkp Ty (1, ) + Z SnkpShip(Ls )
< nkp nkp
K = > takp Tl (1,6) + ) 8nkpShy, (1, D)
\ nkp nkp

(Vityazev & Tsvetkov, 2015)



Kinematic parameters based on
the Ogorodnikov-Milne model from the PMA catalogue data
(common with the TGAS) depending on distance.

2,048,407 objects Mixed spectral composition

_Distance,pc | 50 | 150 | 250 | 350 | 450 | 550 | 650 | 750 | 850 | 950 | 1050 | 1150

o |[U 544 917 930 976 1025 10,33 10,13 1144 1245 1193 13,05 13,62
Elv 10,73 17,13 16,84 16,54 16,17 1634 17,11 1893 20,77 23,52 2593 29,11
LW 457 7,02 689 658 660 670 630 671 662 662 7131 6,75
(N 029 -224 -244 -226 -231| 24 -244 24 228 238 242 -245

®; 149 -098 -039 -0,18 -0,16 -024 -029 0,01 005 015 -007 -0,02

_ | | 0,52 033 030 011 000 -004 012 005 007 012 001 0,06
> < My, (QortA)| 405 299 287 279 287 288 286 2,65 246 226 242 228
£ ) My 142 090 -0,51 -043 -048 -047 -045 -032 -021 -001 -033 -0,39
M, 020 -062 -031 -0,07 -0,02 004 002 -009 -009 -029 -013 -0,07

My - My, 049 -1,50 -148 2,10 -220| -190 -1,79| -1,58| -121| -159| -1,14| -1,13
\May =M | -022 000 -016 -0,09 -927 058 304 291 299 050 08 022

Distance = 1/




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

Mixed spectral composition
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(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

Distance = 1/xn



Kinematic spectra of the velocity field via VSH

Distance to the sample:

PMA

mas/yr

TGAS

mas/yr

10 +

R =250 pc

t211

" T-harmonics
S-harmonics w1
S220

t111 t211

T-harmonics
S-harmonics e
S22

mas/yr

mas/yr

I

10

R =550 pc

t;0; = Oort B
Syp0 = OOrt A

T-harmonics
S-harmonics

S220

S110.

S110

T-harmonics s
S-harmonicS
S220




Relations between VSH coefficients and O-M model parameters

Koefficient Meaning
tlll 289&)1
tllf] 289&)2
tlgl 289&)3
5111 -289U/1’
5110 —289V/T
5101 —2891'1//’!
$201 -0.65 M, — 0.65M55 + 1.29M 35
$910 2.24 M
S911 2.24 M7,
$990 2.24 M},
211 1.12M7 - 1.12M.,

(Vityazev & Tsvetkov, 2009)



km/s

mas/yr

Kinematic parameters for PMA and TGAS catalogues via VSH

Distance, pc] 150 | 250 | 350 | 450 | 550 | 650 | 750 | 850 | 950 | 1050] 1150
( 9,17 | 930 | 9,76 | 1025 | 1033 | 10,13 | 10,92 | 11,27 11002 | 9.66 | 9.06 PMA
17,13 | 16,84 | 16,54 | 16,17 1634 | 17,11 | 1908 | 18,64 | 1845 | 1868 | 17,22
712 | 689 | 658 | 6,60 | 670 | 630 | 601 | 516 | 331 | 124 | 0,13 Extra-model:
215 | =244 | 207 | 232 | 240 |23 | 24 | =299 | 288 | 243 | 247 : t
Doz o - | - | - | - |- — — [ 310 b J
- | o 5 - - - - . 3
305 | 2,85 | 2,78 | 2,86 | 2,88 | 2,70 | 2,65 | 246 | 226 | 2,39 | 227
0,84 | 0,52 | 043 | 047 | 047 | 10,78 | 7,94 2 :
065 | = - = - - — -
130/ (| -1.550 | <208 | 217 | <101 |.167 | -158 | 2121 | 159 [ 413 | 2112
010 | - | - |-060|040] - | - [o02]| - IF = 0
076 | 034 | 027 | 028 | 030 | 023 | 030 | 028 | 038 | 047 | 057
Distance, pc| 150 250 350 450 550 650 750 850 950 1050 1150
TGAS (1 884 | 859 | 887 898 | 944 938 1090 | 11,99 | 1146 13,00 | 13.80
1804 | 1829 | 1825 | 18,01 | 1849 | 19,86 | 22,44 | 2479 | 27,97 | 30,81 | 34,60
725 | 696 | 684 | 684 | 7,02 | 713 | 772 | 781 | 795 | 9,02 | 935
237 | 288 | 270 | 298 | 276 | 277 | 284 | 276 | 28 | 28 | 277
o |0d | 08| =~ | = || - ; s = | = | e
000 | oge [was | - | - | - 3 . : : 5
336 | 328 | 330 | 337 | 334 | 313 | 308 | 282 | 274 | 290 | 271
069 | - - s | = | s : - : : :
_ WADsymposhum 330 A9 |07 150 | 18 | e s | sl | osel cas | - 5
023 | -0,14 | -0,09 | -001 010 | 003 | -007 041 009 | 056 -
063 | 024 | 0,17 | 0,15 | 015 | 018 | 022 | 023 | 028 | 038 | 045




Mk

Number of stars

Reduced proper motions (RPM) and selection of red dwarfs
Absolute magnitude

Mk, = Kg + 5 + 5lg(n)
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RPM(Kg)= Kg + 5 + 5lg(w),

where p = ( (11,C085)? + 1)

lg(r) = (Mkg — Kg + 5)/5 2
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This sample of red dwarfs is not suitable
for determination of kinematic

RPM(K.) > 8 parameters. Within 500 pc the Oort B
> component is insignificant.



mas/yr

Number of stars

Reduced proper motions (RPM) and selection of red giants

Parameters form the PMA proper motions depending
on distance derived from parallaxes and RPM
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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.

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.

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

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






Thoroidal harmonics (Mignard & Klioner, 2012)

Harm. Mult. Components

coef. e, €;
Tho - \j‘; cos & 0
T f\/—%l sind (cosa +isina) —sina +icosa
T5 3' \/i:: sin 29 0
T -1-\/; —cos 26 (cosa +isina) —sind (sina — icos a)
T é \/.%- —sin 26 (cos 2a + isin 2a) 2cosd(sin2a — icos 2a)
T, % \/2;_' cosS(5sin®6—1) 0
Ts = \/E sind (15sin*5 — 11) (cosa + isina) —(5sin’6 — 1)(sina — icosa)
T3 -!'g \ :;’ —cosd (3sin’6 — 1)(cos 2a + isin2a) sin 26 (sin2a — icos 2a)
T3; + V@ cos® §sin § (cos 3a + isin3a) — cos’d (sin3a — icos 3a)
N sin 26 (7 sin%6 — 3) 0
T4 T% -L— (28 sin*6 — 27 sin’6 + 3) (cosa + isina) —siné (7sin’6 — 3) (sina — icosa)
T 1'_36 \/g —sin26 (7 sin’6 — 4) (cos 2a + isin 2a) cos 6 (7sin’s — 1) (sin 2a — icos 2a)
Ts %6 \/’z cos’6 (4sin’6 — 1) (cos 3e + isin3a) —3 cos’§sin § (sin3e — icos3a)
T /= — cos g sind (cosda + isinda) cos’d (sinda — icosda)




Spheroidal harmonics (Mignard & Klioner, 2012)

Harm. Mult. Components
coef. € €;
Sio 3 \/; 0 cos &
L 3 : . :
Si -4-\/; sina — icosa sind (cosa + isina)
S20 12 0 sin 2§
Sa1 -1- \[-’: sind (sina — icosa) —cos26(cosa +isina)
S2» % \/; —2cosd(sin2a — icos 2a) —sin 26 (cos 2a + 1sin 2a)
S30 % 2—,' 0 cos§ (5sin*6 — 1)
Say Tla\/% (5sin’6 — l)(sina —icosa) sind (15sin’6 — 11) (cos a +isina)
S3 T2 —sin 26 (sin 2 — icos 2a) —c0s §(3sin’6 — 1) (cos 2a + isin2a)
S33 Tle %ﬁ cos26 (sin 3@ — icos 3a) cos2d sind (cos 3a + isin3a)
Si0 %6 % 0 sin 26 (7 sin’5 — 3)
Su = \/f sin§ (7 sin’6 — 3) (sine — icos @) (28 sin*6 — 27 sin’6 + 3) (cos a +isina)
S = \/% —cos (7 sin’6 — 1) (sin 2 — i cos 2a) —sin 26 (7 sin’6 — 4) (cos 2a + isin2a)
= 2 .
Se - \/% 3 cos?§ siné (sin3a — icos 3a) cos?§ (4sin*5 — 1) (cos 3a + isin3a)
Sas - \/lz_ —cos’d (sinda — icos4da) —cos’d sind (cosda + isinda)




