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Based on the galactic space velocity components (U, ¥, W) and with aid of the vector
and matnix analyses, we computed the velocity ellipsoid parameters for 790 late-type stars from
CoRoT (Convection Rotation and Transits) observations and 290 [ dwarf stars. We ran the
calculations for spectral types F, G and KX for late-type stars and L0, L7, L2 and L3 for L
dwarf stars. We found that the ratio of the middle to the major axis in the galaxy ranged from
0.35 to 0.73. The vertex deviation from the galactic center was very small for the samples under
investigation, which agrees well with earlier calculations.
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1. Introduction. The motions of nearby stars can reveal important
information about the spiral structures and star formations in our galaxy [1].
The characteristic feature of these motions is that the peculiar velocities have
an axis of greatest mobility. This characteristic is most conveniently represented
using the ellipsoidal law of velocity distribution |2].

The velocity ellipsoid parameters are important because they are connected
to the most important mathematical function of stellar astronomy, that is, the
phase density function.

There are three methods that determine the velocity ellipsoid parameters:
radial velocities, proper motion, and space velocities [3].

This paper is, the second in a series that investigate the velocity ellipsoid
of stellar groups and open clusters. In the first paper (4], we computed the
velocity ellipsoid for the solar neighborhood white dwarfs. Here, we compute
the velocity ellipsoid parameters for two samples of cool (CoRoT FGK type
stars) and ultra-cool stars (L dwarf). The structure of this paper is as follows.
Section 2 describes the data, and the computational method is outlined in
Section 3. Section 4 contains our results and conclusions.

2. Data. Wg used two data samples in our investigation: the CoRoT
(Convection Rotation and Transits) observations for late type stars and the
SDSS (Sloan Digital Sky Survey) observations of L-type dwarfs.
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We used the kinematical properties of CoRoT stars; the CoRoT space
telescope (5] is an astronomical experiment dedicated to stellar seismology and
the search for extrasolar planets. The mission is led by CNES (Centre national
d'étudesspatiales) in association with French laboratories and with significant
international participation. The ESA (Science Programme), RSSD/ESTEC,
Austria, Belgium, and Germany contribute to the payload, whereas Spain and
Brazil contribute to the ground segment [6]. The CoRoT was mainly designed
to study the internal structures of many families of stars [7]. It can provide
a complete kinematical description of 754 stars in three CoRoT fields. The
kinematical criteria were used to identify the galactic populations in their
sample and study their characteristics, particularly their chemistry. Here, we
selected approximately

i) 346CoRoT stars < 1000pc , and

1) 1000pc <250CoRoT stars < 2000pc .

L dwarfs (LDs) are ultra-cool objects; they are cooler than M dwarfs. Most
LDs are expected to be brown dwarfs, i.e., they do not reach the hydrogen
burning phase. A sample of very cool dwarfs (LDs) were presented in [8],
which contains 484 LD from the Sloan Digital Sky Survey SDSS. Here, we
used approximately 290 LDs, classified as follows.

a) Approximately 176 L0 (=2550K ), ranging from 10.8 to 113.7 pc.

b) Approximately 59 LI (=2100K), ranging from 8.6 to 109.9 pc.

¢) Approximately 20 L2 (=1960K ), ranging from 28.8 to 107.7 pc.

d) Approximately 35 L3 (=1830K ), ranging from 20 to 109.4 pc.

3. Computational Method. We used the computational algorithm in
[9] to compute the velocity ellipsoid and its parameters for the above sample
of data.

For the galactic space velocities (U, V, W), we can define the mean
velocities

l»‘il‘ V 'i:r W li“’ 1
N A NN W s M

where N is the total number of stars.

Let £ be an arbitrary axis, with a zero point coincident to the center of
the distribution. Let /, m, and n be the directional cosines of the axis with
respect to the shifted axis. Then, the coordinates O of the point /, with respect
to the & axis are

0, =I(U‘—U)+m(V;V)+n(W,-W). )

Let us adopt, as the measured of the scatter components 0, a generalization
of the mean square deviation. It is defined as

5 1 s
o N2l ®
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From Equations (1), (2) and (3), we can deduce after some calculations
that

o’=x" Bx, )

where x is the (3x1) direction cosines vector and B is a (3x3) symmetric
matrix p,, with elements
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The necessary conditions for an extremum are now

(B-r1}x=0. (6)
These are three homogenous equations in three unknowns, which have a
nontrivial solution if, and only if,

A)=|B-A1|=0, ™

where A is the eigenvalue, and x and B are

& B M2 Hng
x=(m| and B=lu; Hpn Hax
n Hia Hn Pssi

Equation (7) is a characteristic equation for the matrix B. The required roots
(i.e., eigenvalues) are

= 2pmcos$ s o \
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g= ;k,-%k,’; r= ;(l,k, 3k )- ‘,7k|‘ (10
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p=v-a L
<2 (12)

and
¢=tan’ % (13)

Using the matrix that controls the eigenvalue problem (Equation (6)) for
the velocity ellipsoid, we can establish the analytical expressions of some
parameters for the correlation studies in terms of the matrix elements (p,;)
(i.e., the velocity ellipsoid parameters, VEPs).

* o;; i=1, 2, 3 parameters

The o,; i=1, 2, 3 parameters are defined as

o =4 (14)

' ’
* I, m and n, parameters
(I, m, n) are the directional cosines for the eigenvalue problem. They can
be calculated using

L :‘ H2:H33 ‘U.Z(Pzz +H33 ‘G.'z) _11;3] D, 1=123, (15)
m, :[p23u13_u12}"63+6?p12]//Di; i=123, (16)
and
A, :[“t:}‘n Hygbiaz ‘Ufl‘n]v D =123, (7
where

D} = (J-‘zzl‘n "l—liz)z S (TPTeR _PIZPM)} S (TORTRE TRNTESY
Moz + 1 ks = i b iz ( o
+ 2By + B3 23 — BBy J+ Rz lBoskys ‘Pnl‘n)* His\MizH23 — KK )05 +
+ (P%: +apiy +pd — 2uh + U, Huh )‘3? = Z(Pzz + M3 )Gf +o) .
* Solar motion
Let Sg be the absolute value of the Sun’s velocity relative to the stars under

consideration,
ie.,

Se=VU*+V*+W? km/s.
The galactic longitude (/,) and latitude (b,) of the solar apex are
1, =tan(-7/T),

b, =sin '(—W/S@).
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4. Results and Conclusion.

the following samples.

W.H.ELSANHOURY

Based on the previously described model,
we developed a Mathematica routine that computes the kinematics and velocity
ellipsoid parameters. Fig.l to 4 show the distribution of the space velocities
of the two samples (FGK CoRoT and L dwarf stars). We ran the routine for
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Fig.1. The U- V plane for FGK stars.
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Fig.2. The W - V plane for FGK stars.
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Fig.3. U- V plane for the L dwarf stars.
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Fig4. W- V plane for the L dwarl stars.

* CoRoT stars of spectral type F (140 candidates).
* CoRoT stars of spectral type G (321 candidates).
* CoRoT stars of spectral type X (329 candidates).
e L0 dwarf (176 candidates).

e LI dwarf (59 candidates).
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e L2 dwarf (20 candidates).

e [ 3 dwarf (35 candidates).

The results are shown in Tables 1 and 2, which contains the mean space
velocities, the velocity dispersion, the eigenvalues, and the parameters (/, m,
n, i=1, 2 and 3). As an initial test for our code, we have I+ mi+nl =1
for the two samples used.

Table 3 shows the values of the velocity dispersions o,, &,, and o, the
ratio ©,/o, , the solar velocity Sg, and the longitude of the vertex /, for the
present work and from the literature. The Oort constants are among the most
important quantities in stellar kinematics. The relationship between these
constants and the ratio ©,/o, is given by (o, /o, )’ = - B/(4- B). This should
be satisfied if the galaxy is considered to be stationary. Oort's constants (4 and
B) and the corresponding ratios o, /o, from various calculations are listed in
Table 4 [10]. Most values of o,/o, listed in Table 3 are within the range
of 0.55-0.75, except for the K, L2, and L3 dwarf stars.

Table 3
VELOCITY DISPERSIONS FOR THE SAMPLES
lTargct/Spectml type a, o, S, Sa o,/o, i3
| F CoRot stars 4137 3603 | 3029 | 2137 0.87 0346
G CoRot stars 42.35 204 | 295 | 2352 095 0.035
K CoRot stars 15420 | 8868 | 5554 | 2138 0.58 0778
LDO 35.09 2620 | 2303 | 1060 0.75 0230
LD1 31.53 2727 | 2167 | 1118 0.86 0210
LD2 45.22 37.14 1592 | 24.44 082 0.110
D3 3293 31.40 1798 | 1867 0.95 0.010
Table 4
OoRT's CONSTANTS
| A4 (kms'kpc') | B (kms'kpc') a,/o,
145 12 0.65
126 132 071
14.8 -12.4 0.67
113 -139 0.74

Considering the symmetry, one would expect that one axis of the velocity
ellipsoid of stars in the galactic plane to point to the galactic center, i.c., /,
should be zero. However, Table 3 shows that the longitude of the vertex /,
was not zero for the two samples. Our samples represent cool and very cool
stars, so the vertex deviation is very small compared with the youngest stars.
For L dwarfs, the vertex deviation clearly diminishes as we go from L0 to
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L3, which implies that there is a temperature dependence.
We also calculated the parameters of the velocity ellipsoid for late type stars
(FGK CoRoT stars with 790 candidates, and L dwarf stars with 290 candidates).
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KUHEMATHUYECKHWE U SJIUIMIICOHUJAJIBHBIE
MAPAMETPHI CKOPOCTH 3BE3JHLIX TI'PYIIII A
OTKPBITOI'O 3BE3JHOI'O CKOILUIEHHUA: II
XOJIOAHBIE 3BE3/Ibl

B.3JICAHOPHU

OcHoBbIBasACh Ha KOMIIOHeHTHI (U, ¥, W) raakTHyecky MPOCTPAaHCTBEHHOM
CKOPOCTH M C MOMOLIBIO BEKTOPHOIO M MaTPHYHOIO aHATM3a, MhI BEIYMC/THIH
S/UTMICOMAANLHBIE MTapaMeTphl CKOPOCTH Misd 790 MO3THMX THMIIOB 3BE3N M3
CoRoT (Convection Rotation and Transits) HabmoaeHu# u 290 Kap/IMKOBBIX
3Bean Tmra L. MBI cloeamn BEMMCIEHMs] [UIS COEKTpaibHbix TMHOB F, G H
K no3nHux THITOB 3Be3a M jutst TvrioB L0, L1, L2 v L3 xapmukosbx L 3Be3n.
MEI HallUTH, YTO OTHOILEHME CPETHEHN OCH K OOMbILOA HIMEHSAETCS B raJlakTHKe
ot 0.35 ao 0.73. Hanbonplllee cMelllEHME OT rATaXTHYECKOro LeHTpa 6nuto
OYeHb MAJEHbKMM [JIA MCCNETyEMBIX 00pasloB, YTO XOPOLIO COrmacyeTcs C
MPEXHUMM BBIMUCIEHUSMH.

KoueBsie cioBa: auncoud cxopocmu: CoRoT 3ee3dbi: L-xapauku:
nocmosnnsie Oopma
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