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FGK stars

Gala DR2 content

# sources in Gaia DR2

# sources in Gaia DR1

Total number of sources 1,692,919,135 1,142,679,769
Number of 5-parameter sources 1,331,909,727 2,057,050
Number of 2-parameter sources 361,009,408 1,140,622,719
Sources with mean G magnitude 1,692,919,135 1,142,679,769
Sources with mean Ggp-band photometry 1,381,964,755 -
Sources with mean Ggp-band photometry 1,383,551,713 -
Sources with radial velocities 7,224,631 -
Variable sources 550,737 3,194
Known asteroids with epoch data 14,099 -
Gaia-CRF sources 556,869 2,191
Effective temperatures (Tgs) 161,497,595 -
Extinction (Ag) and reddening (E(Ggp-Grp)) 87,733,672 -
Sources with radius and luminosity 76,956,778 -

https://www.cosmos.esa.int/web/gaia/dr2
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Properties of the Gaia DR2 data (Brown & Gaia co, A&A, 2018):

a, 0, parallaxes
11,6085, 11,
radial velocities

G magnitude

Data used in calculations
7.2 mIn Gaia DR2 FGK stars with measured radial velocities

0.02-0.04 masat G < 15
0.07 mas/yr at G < 15

< 0.1 km/s at Grs <9,
0.5 km/s at Gy, = 11.75

0.3 mmag at G < 13
2mmagat G =17
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a, O
1,C0S3, 1y

10 mas

Data used 1n calculations
PMA catalogue, ~421 min objects

2-5 mas/yrat 10 < G < 17

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.
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(Akhmetov, Fedorov, Velichko, Shulga, MNRAS, 2017 vol. 469, 763A)

Scatter of individual proper
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The Galactic coordinate system

X — to the Galactic center
Y — to the direction of the Galactic rotation
Z — perpendicular to the Galactic plane



Selection of thin disk stars

Velocities of stars in the Galactic coordinate system Reducing to the LSR
U = V,.coslcosb—nrpusinlcosb—nrpu,coslsinb (U, V,V)es = (U = Ugp,V = Vo, W —Wg)
V. = V,.sinlcosb+ nrpu;coslcosb—nrpu,sinlsinb where

[Schonrich, R., Binney, J., Dehnen, W., MNRAS, 403, 1829-1833, 2010]

_ +0.69 +0.47 +0.37 —1
W — V.sinb+nrucosh (U, V,W)g = (11.119:62 12947047 7 95+0-3T) 1

The BenSbY’s kinematic method [T. Bensby, S. Feltzing, I. Lundstrom, A&A 410, 527-551 (2003)]
JW, V., W)=k-exp (— ULESF,R _ Vrse - Vasym)’ _ HrESR]

207, 207 207,
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Stellar velocity field

U(l,b) = V,./re, + kujcosbe; + kupey
V,,-. - radial velocity
[, b - proper motion components

k = 4.738 - converting factor from mas/yr to km/s kpc2

The Ogorodnikov - Milne model
(Ogorodnikov, 1965)

[U(l b)— V0+er+M+xr]

/ / ( Deformation in planes)
+ +
My MQ_E M3 ‘

VO x U, Vy W Q Wi, W9 UJ3 ( Contraction - expansion )
: : ? ?
( Solar motion ) ( Rigid-body rotation ) LG, M5 s

If radial velocities are not used, only

linear combination can be derived
* = + +
M11 - M.ll B M22
ko _ - -
M33 - M33 _ M22




The OMM equations in the Galactic coordinate system

3D

1 pty cos b X /rsinl — Y /rcosl —wy sinbeosl — wy sinbsinl 4+ w3 cosb + M7, cosbeos 2l —

—M,sinbsinl + My, sinbeosl — 0.5 M{ | cos bsin 21 4 0.5 M55cos bsin 2

nus = Xg/rcoslsinb+ Yy /rsinlsinb — Zg /rcosb 4 wisinl —wscosl — 0.5 M5 sin 2bsin 21 +

+ M cos2bcosl + M cos2bsinl — 0.5 M sin 2bcos® | — 0.5 My, sin 2bsin® [ + 0.5 M, sin 2b

V./r = —Xg/rcoslcosb—Yg/rsinlcosb— Z [rsinb+ M5 sin2bcosl + M, sin2bsinl +

+MJ cos® bsin 21 + M, cos? beos? | + M, cos® bsin? [ + M, sin? b

2D

nurcosb = Xg/rsinl —Yg/rcosl —w;sinbcosl —wssinbsinl 4+ w3 cosb + ﬂ;ff;; cos bcos 2] —
—M;sinbsinl + My, sinbcosl — 0.5 (M|, — M.,) cos bsin 21

npy, = Xg/rcoslsinb+ Yy /rsinlsinb — Zg/rcosb+ wysinl —wsycosl — 0.5 M} sin2bsin 2] +
+M;5 cos 2bcosl + My cos2bsinl — 0.5 (M{; — M5,)sin2bcos® | + 0.5 (M35 — My,) sin 2b



The OMM parameters dependlng on distance to the stellar sample
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https://arxiv:1703.05822

Vector spherical harmonics

The stellar velocity field can be represented as:

Eb E tnkp nkp+ E Snkp nkp+ E nkp nkp

nkp nkp nkp
1 O, D) 1 OK (D)
T, ., = 1" T° = a — !
nkp nk .rref + nk j’? n(n+ 1) A ( b € cos b ol €y
1 1 OK,;,(l.b) OK 1, (1, D)
Suip = Shiper + S0y en = x s e ey
ki nkp€l + nkp©€b N ”{:” 1) (E.‘E?Sb Il €l By €}

Vnkp(g«. b’) = .ankp(g._ {[‘-‘)ﬂ'ﬂ*.r

Where i P.o(b), k=0p=1,
Kinolib) = Rap X X  Pag(b)sinkl;, k£0.0=10,
| Puk(b)coskl, k#0,p=1
» 2(n—k)! 4,
RM._¢%“+1 V228 k>0,
dm |1, k=0

(Vityazev et al., 2009)
(Mignard & Klioner, 2012)



The VSH equations in the Galactic coordinate system

nuycosb = Z tnkankp (1,b) + Z Snkp Snkp
nkp nkp
Ny = Z tnkp nkp l b —|‘ Z Snkp Snkp
nkp nkp
VT/T — Z an{pvnkp (la b)

nkp
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Relations between the OMM parameters and coefficients of
decomposition onto vector spherical harmonics

Coefficient Value 101 2. 89w
Upo1 L1I8MY| + 118 M, + 1.18 M} t110 2.89ws
U101 —2.06W/{r) t111 289w,
Y110 —2.05V/{r) S101 —2.80W/{r)
U111 2.06U/(r) 110 2.80V/{r)
U201 —0.53M, — 0.53M,, + 1.06 M4, 8111 —2.80U /(r)
U210 1.83M,, S201 0.65M5 — 0.65M.,, + 1.29M,
211 L83 My $210 2.24M 4
220 1.83M 5 8911 2.24 MY
U921 0.92M | — 0.92M.), $290 2.24 M7,
8991 L12M, — 1.12M

[Vityazev, Tsvetkov, Astronomy Letters, Vol. 35, Ne 2, pp. 100-113, 2009]



The VSH method allows to detect extra-model systematic
components presented in the observed stellar velocity field

harmonic | norm. c. Q ) r
o o750 . . ez S
S310 \/ﬁ —cosl (5sin“b—1) sinbsinl (15sin” — 11)
to11 \/ # -cos 2bcos -sin bsin [
: 21 g s w5 D
V310 35 cosbsinl (5sin“ b — 1)
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Zonal Vector spherical harmonics

‘ Transformation of Galactic latitudes WHER 2
0<1<2m, R —
Z = A . . 82 — 81
bmin < b < bpay. b = arcsin(Psinb + Q)
."I'l = Sl1I11 h”””1
t1o1 t110 t111 3101 S110 8111 8201 S210 S211 5220 8221 to11 8310
Wi 0.397 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Wwa 0.0 0.557 0.0 0.0 0.0 0.0 0.0 0.0 0417 0.0 0.0 0.0 0.0
wh 0.0 0.0 0.557 0.0 0.0 0.0 0.0 -0.417 0.0 0.0 0.0 0.0 0.0
U.,.-"'r 0.0 0.0 0.0 0.0 0.0 -0.173 0.0 0.0 0.0 0.0 0.0 0.0 0.0
V.,.-"'r 0.0 0.0 0.0 0.0 -0.173 0.0 0.0 0.0 0.0 0.0 0.0 0.246 -0.382
W'I,.-"'r 0.0 0.0 0.0 -0.138 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ﬂf;a 0.0 0.0 -0.130 0.0 0.0 0.0 0.0 0.891 0.0 0.0 0.0 0.0 0.0
ﬂfl"':; 0.0 0.130 0.0 0.0 0.0 0.0 0.0 0.0 0.891 0.0 0.0 0.0 0.0
_-Ufg 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.541 0.0 0.0 0.0
M7,y 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.235 0.0 0.0
M3, 0.0 0.0 0.0 0.0 0.0 0.0 1.250 0.0 0.0 0.0 0.0 0.0 0.0
T511 0.0 0.0 0.0 0.0 0.083 0.0 0.0 0.0 0.0 0.0 0.0 -1.152  0.990
Sa10 0.0 0.0 0.0 0.0 0.018 0.0 0.0 0.0 0.0 0.0 0.0 0.103 -0.390
Vool Viol Viio Vi11 V201 V210 V211 V220 V221 V310
U/r 0.0 0.0 0.0 -0.197 0.0 0.0 0.0 0.0 0.0 0.0
V/ir 0.0 0.0 -0.197 0.0 0.0 0.0 0.0 0.0 0.0 -0.228
W/r 0.0 -0.368 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1".-1';3 0.0 0.0 0.0 0.0 0.0 0.885 0.0 0.891 0.0 0.0
fl-j'l; 0.0 0.0 0.0 0.0 0.0 0.0 0.885 0.0 0.0 0.0
fl-ff; 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.610 0.0 0.0
M | 1.000 0.0 0.0 0.0 -0.408 0.0 0.0 0.0 0.609 0.0
f'.-I;? 1.000 0.0 0.0 0.0 -0.408 0.0 0.0 0.0 -0.609 0.0
ﬂ-f;;i 1.000 0.0 0.0 0.0 2.994 0.0 0.0 0.0 0.001 0.0
310 0.0 0.0 -0.200 0.0 0.0 0.0 0.0 0.0 0.0 1.13

Q

59 + 81

"

89 — 81

.";2 == Hill h”“]x.
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Conclusions

[To mpocTpancTBeHHBIM cKopocTsaMm Gala DR2 kuHeMaTnyecKuM MeToIoM beHcOr BhIICIICHBI 3BE3bI TOHKOTO
nucka [ ajakTuku

[TosmydeHbl KHHEMATUYECKUE MapaMeTphbl ['alakTUKK ¢ HCIOJb30BaHHEM Moaeiau OropoaHukoBa — MuiHa, a
TaK)KE€ METOJIOM PA3JIOKECHUS TOJIsI CKOPOCTEH 3Be31 Mo Habopy BCD

3HaYCHUsI KHHEMATHYECKUX I1apaMETpPOB, IIOJYYEHHbIE MO TPEXMEPHBIM CKOPOCTSIM MW TOJBKO IO
coOcTBeHHBIM JBrokeHUAM Gala DR2, mjis maHHOM BRIOOPKH 3BE37] OYCHb OJM3KH.

3HaYeHMs TUHEHHON CKOpPOCTH BpaiieHus ['anakTtuku Ha pacctossHuy CoJiHIIA, MOJYYEeHHBIE 110 COOCTBEHHBIM
nBrkeHusIM PMA, cucreMatnuecku MEHBIIE 3HAYSHHM, MOIYyYCHHBIX M0 JaHHBIM Gala DR2.

[TonTBEpK1EHO HAIMYKNE BHEMOAEIBHBIX TAPMOHUK 1511, S310, V310
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From NIST database
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Thoroidal harmonics (Mignard & Klioner, 2012)

Harm. Mult. Components
coef. e, €;
Tho - \/-31_— cos & 0
T\ ;';\/-%- sind (cosa +isina) —sina +icosa
Ty - \/i_-j- sin 26 0
7>, 71\/-%- —cos 26 (cosa +isina) —sind (sina —icosa)
T ;'3-\/% —sin 26 (cos 2a + isin2a) 2cosd(sin2a — icos 2a)
P g\/z;' cosd (Ssin*6—1) 0
T3 1—'6 \/; sind (15sin’6— 11) (cose + isina) —(5sin’s — 1) (sina — icos )
T3 N —cos & (3sin’s — 1) (cos 2a + isin2a) sin 26 (sin2a — icos 2a)
T TlS = cos® §sin & (cos 3a + isin3a) — cos?d (sin3a — icos 3a)
Tw 22 sin 26 (7 sin%5 — 3) 0
T - \/}_ (28sin*6 — 27sin’6 + 3) (cosa +isin@)  —sind(7sin’6 — 3) (sina — icos @)
Ty 736- \/g —sin 26 (7 sin’5 — 4) (cos 2a + isin 2a) cos & (7sin’ — 1) (sin2e — i cos 2a)
Ts |—36 \/-%- cos2 (4 sin’6 — 1)(cos 3a + isin3a) —3cos’dsind (sin3a — icos3a)
T 2 \/; — cos’dsind (cosda + isinda) cos 8 (sinda — icos 4a)




Spheroidal harmonics (Mignard & Klioner, 2012)

Harm. Mult. Components

coef. €. e;
Sio 1 \/g 0 cos §
S 3'\/% sin@ —icosa sind(cosa +isina)
sm 4B 0 sin 26
Sa %\/g sind (sina — icos a) —cos2d(cosa +isina)
S» -:; \/;5; —2cosé (sin2a —icos 2a) —sin2§ (cos 2a + isin2a)
S0 - @ 0 cos § (5sin*5— 1)
YR 1 (5sin — 1) (sina — icosa) sing (15 sin%6 — 11) (cosa +isina)
S %\/g —sin 26 (sin 2@ — icos 2a) —cosd(3 sin’6 — 1) (cos 2a + isin2a)
S + /B cos24 (sin 3a — icos 3a) cos2d siné (cos 3a + isin3a)
So £E 0 sin 25 (7 sin%5 — 3)
Sa1 ,—36 \/;';- sind (7 sin’6 — 3) (sina — icosa) (28 sin’s — 27 sin’s + 3) (cosa +isina)
S -% \/-,2;. —cos & (7 sin’6 — 1) (sin 2a — i cos 2a) —sin 26 (7 sin’6 — 4) (cos 2a + isin2a)
S = \/; 3 cos?6 sin g (sin3a — icos 3a) cos26 (4 sin’5 — 1) (cos 3a + isin3a)
S LE — cos?§ (sin 4e — icos4a) —cos?s siné (cosda +isinda)




T210 (Butsazes & Lsetkos, 2009)
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S210 (Butsazes & Lisetkos, 2009)
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