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Abstract. We present dynamical distribution functions for &—-body simulation (eg. Fux 1997), the other via the (semi-
homogeneous sample of oxygen-rich, evolved, intermediatdirect) Schwarzschild method (Schwarzschild 1979, eg. Zhao
mass stars in the inner galactic plane. We use an axisymni€396). In this paper we will use an indirect, Schwarzschild—
ric, two—component @ickel potential that satisfies recent cortype method to model the stellar dynamics of the inner Milky
straints on the galactic potential, amongst others a slightly d&ay Galaxy. We test assumed dynamical distribution functions
clining local rotation curve. We show that this potential is ader their ability to reproduce the distribution of our sample
equate to model stellar—kinematic samples with radial exteftevolved, intermediate—mass stars (Sevenster et al. 1997a,b,
ranging from~ 100 pc to~ 5 kpc in the Galaxy. S97A,S97B). This sample is representative of a large fraction
The stable two—integral model that gives the best fit @wf the stellar content of the Galaxy, but does not sample the
the first three projected moments provides a very good gloluddl, spherical Bulge or the Halo. Therefore, it is justified to
representation of the data but fails to reproduce the centcahsider its dynamical distribution in a global, fixed potential,
line—of—sight dispersion, the central apparent scaleheight amdike most Schwarzschild models. Rather than trying to build
the almost—cylindrical rotation at intermediate longitud€s(5 self—consistent models from an unsuitable sample, we constrain
|| < 15°). All these features, indicative of the galactic Bathe model gravitational potential with a variety of other recent
are fitted well by a three—integral model. We discuss varioobservations. The goal is to find the dynamical characteristics
properties of the two— and three—integral distribution functiornd the inner Galaxy and whether there are clearly distinct dy-
and the implications for galactic structure. A somewhat thickeamical components.
disk component is needed to explain the observed distribution In Sect. 2 and Sect. 3 we describe the method and its de-
of older AGB stars in the plane; this component at the same tinedled implementation, in particular the choice of the potential.
fits the kinematics of AGB stars at higher latitudes better thém Sect. 4 we discuss the resulting two—integral model and its
the thinner disk. We find that the Disk and the Bulge, as tracedors and stability. We present a three—integral model in Sect. 5
by AGB stars, are very similar dynamically and could well band a two—integral model for a galactic—centre sample in Sect. 6.
one and the same component. There is a dynamically distikié¢ interpret the results in Sect. 7 and we end with conclusions
component in the inner 100 pc of the Bulge, however. in Sect. 8.
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The distribution function of a stellar system is a function of at

most three isolating integrals of motidp according to Jeans’
theorems. It gives the density of stars in the full six—dimensional
1. Introduction phase—spaca V). Integrating over all velocities, we get the true

. . n*"—order moments/ (™ of the distribution function according
Methods to analyse observational data almost always fall i

one of two classes, “direct” and “indirect” methods. The for- N

mer seek to derive (deproject) the.(.jeswed guantities in qdlrg‘gtn) = ((HVk)> _ /(HVk) F(I)d*V
manner from the observed quantities, the latter to predict the s

k=1

opservables from a purely theoretical qugl and then accept or n=0,1,.. Vi € (Vi, Vi, V) (1)
reject the model by comparing the predictions to the observa- ’
tions. leaving out the dependencies aox).(There are one zeroth—

In the field of modelling galactic stellar dynamics, two typegrder moment {/(?)), three first-order momenta{(")), nine

of indirect methods prevail. One is to construct models vigcond—order moments{(*)) (six of which are independent)
and so on. The method we use to model the distribution function

Send offprint requests t. Sevenster (msevenst@mso.anu.edu.awf a galactic stellar sample was developed by Dejonghe (1989).
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For details we refer to that article; here we discuss the methtable 1. Average dispersions in coordinate separations.
only briefly. In a given gravitational potential, a distribution
function is built from a library of orbital components that arev,, ¢ b V
(analytic) functions of the integrals of motion in that potential. ° ° km/s
By minimizing the quadratic differencd3 between moments 19 0.8 0.8 135
of the model distribution /) and the observed distribution20 1.1 1.1 135
(Mo), 30 1.5 1.3 135

) 50 2.2 1.5 135
0 0 0
DEZ{ (wo (a8 — /M) +

sky

) asymptotic—giant—branch (AGB) stars in the thermally—pulsing
+ (wl(M(()l) _ Mﬁ))/Mls/[D) + phase. These stars form a partly relaxed population (0.5-7.5
) Gyr, Sevenster 1999) and trace the dominant mass distribution
+ (wz(Mc()Q) _ Mlﬁf))/Mﬁ)) + o } (2) (Frogel 1988). The region covered in galactic c_oordlnates is
—45° < £ < 10° and|b] < 3°. In total 507 objects were
{Egnd, forming the AOSP (Australia telescope Ohir Survey of
2 Plane) sample used in this paper. The QP program will cor-
rect the velocities for the motion of the LSR, assuming the LSR

it determines, sequentially, the best combination of compone
and the corresponding coefficients. The moments can have
ferent weightsw; in the determination of) according to the . . ) . .
importance they should have in the fit. Because of its quadratfé—on a circular orbit .aR@ =8 .kpc |n.themod(.elpotent|al. .

programming character we will use “QP” to refer to the mod- In Table 1 we give the dispersions, using all stars in the

elling program. There is no true? connected to the fit, becaus ample, in the distribution of separations in all three coordinates
there is no optimization of free parameters in the strict sen [ different numbers of nearest neighbovs, (on the sky).

the parameteP can be used only to compare the goodness e average velocity difference between stars does not change

fit between models with the same potential and input data. ‘%th humber of nearest neighbours. $ince t.h_e velocity profile_
mpled by the stars has to change with position on the sky, this

compare different potentials or data sets, the ratio of the initr " . :
to the converged value db might be used. means that the velocities of neighbouring stars are completely

independent. Therefore, we use adaptive—kernel smoothing to
grid the data on the sky (Merritt & Tremblay 1994), but treat
3. Implementation the velocity coordinate separately (cf. their Eq. 40).

In this paper, we use OP with an axisymmetric potential. qu First, the data are smoothed with initial gaussian kernels of

i LS . . x1°x30 kms™!. (These initial-kernel sizes were optimized
Galaxy’s density distribution is not axisymmetric, but the prob- ; LT .
g . 0 retain the scales of the large—scale distribution without show-
ably small eccentricity of the potential and the not too—strong

||¥g individual stars, cf. Table 1.) Then, for each star, the spatial

barlike inner stellar kinematics (see Sevenster 1999) indic ternel is adapted according to the surface density and the mean

that the non—axisymmetric part of the potential is negligible I\?elocity and velocity dispersion are determined from the veloc-

a first approach. The influence of the third integral is not ne?g/ profile thus created at its position on the sky (so, the ratio of
h

ligible, in any case not for the Galactic Disk (eg. Oort 1965 e spatial-kernel sizes was kept constant). Finally, the surface
After starting our investigations with two—integral (21) models P P ) Y.

. . ! nsity, mean velocity and velocity dispersion ar Iculat
that are easier to interpret, we construct a three—integral (gﬁ sity, mean velocity and velocity dispersion are calculated

! . S a regular grid, still using gaussian distributions in all three
axisymmetric model to try and overcome the limitations of thg’lmens?ons vg\‘/ith these fingl garameters
21 model. ' )

s . . In Fig. 1a—d we compare the resulting surface density with
In the models presented in this paper, we include the f"iﬁ%\t of the COBE-DIRBE observations (Dwek et al. 1995). In

three projected moments of distribution functions in the fit. Tk[ﬁ : . .
: - the same figure, we show the surface density resulting from
moments used for the comparison between model distribution

function and observations are hefbéihe surface—number den_smoothing the data with elongated kernels, to reflect the possible
sity), (Vio.) ands(V:2.). The weightsu; in Eq. 2 are all equal difference between the vertical and the radial density scale. The

) ) . . COBE- and the AOSP surface densities clearly trace a similar
to 1 in the models presented in this paper. In the figures we .

. . Opulation (the evolved late—type stars) and The round kernels
will mostly show the more commonly—used derived moments

%, (Vo) ando provide slightly better agreement with the COBE data and are

» \Vlos los: also favoured by the results give in Table 1. We thus use the
round—kernel surface density for our standard model, but also
3.1. Data give results for the elongated—kernel surface density.

The data were acquired specifically to constrain optimally d§-2 Potential

namical models of the galactic Plane (S97A, S97B). The sam-"

ple consists of positions on the sky (accurady’5) and line— To model the galactic potential, we use so—callét&l (S) po-
of—sight velocities (accuracy1 kms') with respect to the tentials (see de Zeeuw 1985), because for those three integrals
local standard of rest (LSR) of OH/IR stars; oxygen-—riclaf motion are known analytically. The specific form of the S—
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Fig. 1la — d. Cuts in longitude and latitude through the OH/IR data smoothed with round kernels (initial kérremlitl), smoothed with
elongated kernels (initial kernef In £ and 05 in b, dotted) and the COBE-DIRBE surface—density map (dashed). All densities are normalized
separately to have a peak density of 1 and interpolated onto a grid,d¥@7).

Fig.2. The longditude-velocity diagram for the
OH/IR stars with the rotation curves for the BD2
(long—dashed), the HI2 (short—-dashed) and the AX2
(solid) potentials (see Sect. 3.2, Table 2). The thin
dashed lines connect the maximum and minimum
observed velocities, respectively, in longitude bins.
stellar velocities. The BD2 potential yields too high
velocities at intermediate longitudes; since stars
1 havedispersionsthe rotation curve should fallingen-
eral somewhat below the maximum observed stellar
line—of-sight velocities, as is the case for the AX2
and HI2 potentials.
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Table 2. Potential modelsRs = 8 kpc. This table is discussed in Sect. 3.2.

Name M, A B Visr 24Rg dV/dR  pg Y6 Ko Ghalo  dab  fab A?

Mo t/ t" km/s km/s t'’ Mo /pc® Mg/pc? t/ % kpc?
AX2 18Ell1 155 —11.7 217 248 —3.8 0.01 20 36 1.006 2.5,— 5,— 0.1
BD2 4.0E11 13.6 —14.4 224 218 +40.75  0.05 43 40 1.01 50,— 10,— 1.0
HI2 2.8E11 14.3 —14.5 230 229 40.13 0.02 32 41 1.002 20,— 4,— .07
HI3 2.5E11 14.1 —13.6 221 226 —0.63 0.01 28 39 1.03 15,25 5,1 0.1
AX3 4.0E11 124 —-14.8 217 198 424  0.02 32 40 1.01 10,2.5 1,10 .07
t' = km/s/kpc

potentials used in this work is that of a multiple, axisymmetrighallower than the&?®'! curve determined for the inner Galaxy
Kuzmin—Kutuzov (KK) potential (see Dejonghe & de ZeeuwAllen et al. 1983; see Fig. 3 and the AX2 potential in Fig. 2).
1988). The Galaxy is thus simulated by a small number of séfhe circular velocity at intermediate longitudes {10 20°)
arate, axisymmetric components with different flattenings, bigttoo high; the extreme stellar velocities should be somewhat
the same focal lengths to keep the over—all potential &wi&tl larger than the circular velocity, give or take statistical fluctu-
form, ie. separable in ellipsoidal coordinates. Batsleer & Dations, because the line—of-sight dispersion is larger than the
jonghe (1994) give values for the parameters that optimize th®/mmetric drift & 0% /120kms™! in the Disk). In test runs
fit of a double S-KK potential to the large—scale rotation curwee found that these short—comings inhibit the construction of
of the Galaxy, with the two components representing a (dameéalistic models for the AOSP sample, that is dominated by the
halo and a disk (BD2, Table 2). Bulge potential. We therefore tried to find an S-KK potential
In Fig. 2, we show the longditude-velocity diagram of théhat has more mass in the central regions, yields a realistic rota-
AOSP sample, together with the rotation curves for the twdien curve and gives acceptable values for important parameters
component potentials from Table 2. The BD2 potential has littgeich as the local circular velocity and the Oort constants.
mass in the central regions of the Galaxy; the rotation curve is
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Fig. 3. Circular—velocity curves for various model potentials and as derived from observations. In both panels the thin lines indicate observed
rotation curves, derived from HI data (solid, Burton & Gordon 1978) and from the stellar surface brightness (dot+dashesdikm s ! Rl‘}plc

Allen et al. 1983). The thick curves are the fitted potentiaBwo—component Sickel KK—-model potentials fitted to HI (HI2, dashed), to the

stellar surface brightness in the inner regions (AX2, dot—dashed) and to constant circular velocity outside 5 kpc (BD2, Batsleer & Dejonghe

1994).b Three—component &tkel KK—model potentials fitted to HI (HI3, dashed) and to the stellar surface brightness (AX3, dot—dashed).

In Table 2, we list the values for these parameters for threempact when increasing the contribution of the inner regions of
double and two triple S-KK potentials. These potentials wetlke Galaxy. Therefore, all five potentials listed in Table 2 give
constructed to fit various rotation curves for the Galaxy (Fig. 3juite acceptable values for all observational constants except
The columns in Table 2 give the total mass of the Galdky;, pe. Accordingly, the vertical forces at larger radRk (~ Re)
Oort’s constantst and B, the local circular velocity,sr, the are not in agreement with observations (eg. Kuijken & Gilmore
common combinatio” AR, the first radial derivative of the 1989a). Related results should be viewed with care; we will give
circular velocitydV/dR (Rs dV/dR = Visr —2ARg), thelo- mostattention to the inner Galaxy,<5 kpc, where the potential
cal density,, surface densiti, and local epicyclic frequency is realistic and also the observations sample the distribution
k@, the flattening of the halgy,,., the flattening of the secondoptimally (Fig. 5)

(third) componenty 1, the fraction of the mass in the second We will use the potential AX2, for which we deem the ro-
(third) componeny, ;, and the square of the “focal lengtik?.  tation curve most realistic. Its kinematic parameters, especially
For all details on these S-KK potentials and the parameters sgg Visr,2A R, dV/dR andB, are bestin agreement with ob-
Batsleer & Dejonghe (1994). servations. AX2 does not have a constant outer rotation curve,

In Table 3 we list observed values for some of the quantitiesnsistent with recent claims (Rohlfs et al. 1986; Binney &
in Table 2, determined by various authors. The total mass of thehnen 1997; Feast & Whitelock 1997; Honma & Sofue 1997).
Galaxy, the mass fractions of the Disk and Bulge and the flattéhe self-consistent density for the AX2 potential is positive ev-
ings of the components are not well established observationatywhere. Its central scalelength (200 pc) and scaleheight (120
and treated as mere parameters for the potentials rather thanare of the order of those found for the density distribution
physical quantities. Even for the double KK potentials there @ the AOSP sample (Sevenster 1999).
considerable freedom to create rotation curves of all sorts and
at the same time obtain very realistic values for the importa§n3 Two—
parameters. HI2 and HI3 are based on the assumption that the
HI gas follows purely circular orbits, which is probably not th&Ve use two families of 21 orbital components — full distribution
case in the inner Galaxy. They are therefore not likely to be riemctions in themselves —to build the total distribution function;
alistic, but it is interesting that the Hi-rotation curve as well dbe first has infinite extent (“bulge-like”), the second is limited
local parameters can be reproduced with so simple a potentialthe vertical direction (“disky”). Their functional forms are:

An obvious limitation is thatA has to be the same for all
components, in order to keepthetqtal potential &cel form. gy (o, 3,i,) = E* (EL3/2)[3
This means that all components simultaneously become m?orreiS L, >0 and F1 = 0 otherwise, 3)

integral orbital components
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Table 3.Observed values for the potential parameters (units as in Table 2).

Quantity Value (ref) Value (ref) Value (ref) Value (ref) References

A 144+£1.2(1)  11.3+£13(2) 19£6(3) 14.8240.84 (9) 1 Kerr & Lynden-Bell(1986)
B ~12.0+£2.8 (1) —13.94£0.9(2) —13+5(3) —12.37+0.64 (9) 2 Hanson (1987)

Visr 184 (4) 200410 (10) 231 4 21 (9) 3 Evans & Irwin (1995)
2ARg 228 (5) 248 (6) 257 (7) 252 (9) 4 Rohlfs et al. (1986)

dV/dR —3.7(4) —2.4(9) 5 Caldwell & Coulson (1989)
o 0.1 (8) 0.076 +0.015(11) 6 Schechter et al. (1989)

K® 36 (1) 7 Pont et al. (1994)

Yo 46 +9(12) 8 Kuijken & Gilmore 1989b
Msorpe 4.9+ 1.1101(13) 9 Feast & Whitelock (1997)

10 Merrifield (1992)

11 Creze et al. (1998)

12 Kuijken & Gilmore (1989a)
13 Kochanek (1996)

F2(a, 3,7, 20,1s) = S (QSLg)B [(E—S)/(So—S)]” meaning; when positive coefficients alternate with negative ones
for ix L, > 0 and F2 = 0 otherwise, 4) In successive components, the model is similar to a power—
- series developmentand thus a purely mathematic construct. This
with E the total energy and,, the angular momentum, the two"€ans that none of the compor_1ents indivually match th_e data
classical integrals in axisymmetric systerss the energy of Well and one may want to consider a new component library.
an orbit that reaches just t@ out of the plane and, the en- We demand_that _aII coefﬂue_nts be posmve_ for all our models,
ergy of a circular orbit in the plane, both for a givén. We will but test the final Ilprary aIonvmg _also n_egat|ve_ coefficients.
discuss the properties of F1 and F2 briefly and refer to Batsleer | "€ best solution, for given input library, is reached when
& Dejonghe (1995) for a thorough treatment of components B¢ Value ofD (Eq. 2) has converged to within a few percent.
these types. The F1 and F2 components are all evén;ito The number of components in the converged sglunon is mostly
get rotation, the parameteéy is introduced. Ifi, = —1 only of the ordgr ofM, = 5 for the.model's |n'th|s paper. We
the co-rotating half of phase space is populated;fo= 1 'an QP with a gregt variety of input libraries, startlng_ with
only the counter—rotating half and foy = 0 the full possi- ©n€ that spans a wide range for the parameters and fine tun-
ble range of angular momenta is populated. Components witl§ toward preferred solutions. For exampleqif= 20 is se-
is = 0 are therefore non—rotating. An impression of the afgcted from a library witha = (3,10,20,30) then the next
pearance of those families of components can be obtained BTy Will havea = (15,20, 25). These libraries are relatively
considering their parameters one by one. The parameter SMall, with N. ~ 60 components, to reduce the computing

dicates the degree of central concentration Anide degree of ime (¢ o< Ne!/(Ne — M,)!). One should be careful not to ex-
rotation in both families. For non—zer8, the density distri- clude non—preferred values for the parameters once and for all,

butions become toroidal. For the second family (E2)s the Pecause QP seeks out the besmbinationof components. It
absolute vertical cut—off for the component apdietermines May be that in the first trial runs, for e.xample', F2 components
the vertical scaleheight. The largerthe faster the density falls With & > 10 are never used. After the fine—tuning process, such
off with increasing height above the plane. A smooth transitigiMPonents could nevertheless improve the solution when com-
for p —0 atz, for all R is ensured by the functional form of thePined with the final components. We therefore always ran QP
second family. with a large library {V. ~ 250), that combined the best library

The program QP reads the allowed values for all parametéfjéh earlier_ ones, as a final test. Mo_stly, the solution in these
from an input library. For each component it determines tffigal runs did not differ from that obtained with the best (small)

coefficientC' for which the value ofD (Eq.2) is minimized. liPrary. _ _ _

The component with smalletis then chosen as the firstinthe 11 Fig. 4 we show how orbits populate different regions of
series that forms the total distribution function. SubsequentR}ase space. The energies and angular momenta that an orbit
all the remaining components are checked for the smallest vah@ have are determined by the potential. A detailed explanation
of D in combination with the first component. The coefficierif 9\Ven in the figure caption. o

of the first component does not have to remain fixed; it can even 11€ components are integrated out to a predefined limit. For
become zero in the process of converging. The sum of the fi{§ Models using the whole AOSP sample we use a horizon at
N components has to be positive for all, so that the series 13 KPC; in every direction the model is integrated out to 13 kpc
gives avalid distribution function - positive everywhere in phadeP?™ the position of the observer (Fig. 5). This limit is chosen
space - at any instant in the convergence, but individfal somewhqt Iarge:r than the observational limit (Sevenster 19.99).
can be negative in principle. In fact, one may use the negatfob 9alactic radii smaller than 5 kpc are thus sampled twice
coefficients to test if the model components have any physi€dieach line of sight ai¢| < 39" and best constrained; radii
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Fig. 4. Orbits are points in thel{, L,) or phase space. For the AX2 potential they are arranged as follows. By convention, co—rotating orbits have
negative angular momentum. The outer thin line indicatesEhd.() for circular orbits; the shape is determined by the potential and thus only
valid for AX2. Only the regions inside this line can be populated, as circular orbits have maximtongiven E. The dashed ellipses are the
perimeters of regions accessible for orbits that pass through the plane at a giveridbeisintersections with the circular—orbit line obviously
indicates theF, L, of the circular orbit atR. The dot—dashed ellipses are the perimeters of regions accessible for orbits that pass through the
z = 4 kpc plane at given radiug (sameR’s as forz = 0 kpc). The thin line reminiscent of the circular—orbit line connects the maximum

L., for orbits with differentE, that reach: = 4 kpc somewhere along its orbit. Fér, =0, the orbits are radial (vertical dashed line). Isotropic
distributions (3 = 0) are independent of,, and will give horizontal contours in this diagram. Rotating, disky distributions yield contours
roughly parallel to co— and/or counter—rotating half of the circular—orbit line. If the distribution is flattened,<say kpc, the phase—space
density will only be non-zero between the two thin, solid lines (for maximum angular-momenturm &tandz = 4, respectively).L, is

scaled to increase the relative resolution in the inner regins (1, L, ~ 0).

Table 4. The input library. Explanation see Sect. 3.3.

Family @ B v =2 is Ne R=8
F1 5,10,20 0,1,2 0,—1,1 27
F2 2,4,810 1,2 2,6 1,5  —1 32 R

between 6 kpc and 8 kpc are sampled at once or twice per | //
of sight (Fig. 5). Radii larger than 8 kpc are sampled only onn//
for lines of sight af¢| > 36°. At the largest longitude used in,
the modelling, 45, the horizon lies at a galactic radius 9.2 kpd
In models for only low—outflow sources we use a horizon at :\d:13
kpc, as these have a smaller observation limit (Sevenster 19¢ \\

\

4. Results No

The best 2l distribution function (DFA) was obtained using the
component library given in Table 4. Table 5 gives the compbig.5. The hatched wedge gives the part of the plane over which
nents of DFA with their coefficients, as well as the masses the distribution function is integrated to yield the moments, mimicing
M,,, of the components in the regidd < 8 kpc and|z| <4 the observations with a horizon at 13 kpc (dashed circle d=13 kpc,
kpc. The total DFA is the sum af,, F,, but the actual relative see Sec@. 3.3). The galactic Qentr.v's.is at the intersectign of the straight
contribution of component, to DFA isC,, M, ... In Fig. 6 we lines. Evidently, n9t allgalactic radiiinthe opserved regionare sampled
show the phase—space density of DFA. The combined projec;f‘é‘clia“lyt well.lRad_|t|< d5 kpcfare ?amflzdkoptlrgillyi with t;/vocljr'wterfhect-
moments (Sect. 3) of DFA and of the data are shown in FigI fis at any longitude (or four for: 1.4 kpc). The largest radius tha

. ) 0 T ¥is sampled is 9.2 kpc.
and the true projected moments (as used in the fit) in Fig. Al
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0.4

Table 5. The components (in order of choice by QP from Table 4) of
the bestfit distribution function DFA (Sect. 4) for a horizon at 13 kpc.
C gives the coefficient of the component, its mass within a fixed
cylinder (see Sect. 4).

0.6

Family o 3 v 20 is C M,

F2 226 1 —1194E4 3.35E-2
F1 10 0 0 3.52E2 5.69E-1
F1 20 1 —1 1.54E6 2.89E-5
F1 20 0 0 5.92E3 9.69E-3
F1 50 0 1.43E1 1.24E+1

E/E,

0.8

I
-1.5 =1 —0.5 0 0.5 1

LV(2E/Ey)
Fig. 6. The phase—space density as functiodofL, (see Fig. 4) for scaleheight is now very small and the vertical surface—density

DFA, the best-fit two—integral model. The logarithmic contours rané)JOf'!e is only f'tte,d abov¢b| = 1°. Therefore, the central dis-
from 1 (top) to10° (bottom, arbitrary units), so the highest phaseRersion could be fitted well; it is also lower than in the standard—

space density is aff, L,)=(0.0,1.0): the central region of the GalaxySmoothed data because the (central) disk contributes more, de-
Comparing to Fig. 4; one can clearly discern a thin disk (closely—spad@@asing the dispersionin the plane. for> 1°, the minor—axis
contours at negative angular momentum) and an isotropic comporgutface—density profile is modelled well at the cost of the mod-
(horizontal contours). elled minor—axis dispersion. In Fig. A4 we show the best model
using the BD2 potential (Sect. 3.2). The global rotation and dis-
persion are not fitted well, as expected from the discrepancy
(Appendix A). At the inclusion of the fifth component, the valuéetween potential and data (Fig. 2).
of D (Eq. 2) has converged to within 2%, to 22% of the initial
value. As explained in Sect. 3.3, we did not allow negative cog{—
ficients for the components in the model distribution function.
We tested that the outcome (Table 5) is not dependent upon this;estimate the errors in the input data and in the distribution
exactly the same results are obtained when negative coefficidatection, we applied the “bootstrap” method (Press et al. 1992).
are allowed. The small-scale (hon—axisymmetric) features axew samples were created by drawing randomly 507 stars from
correctly, mostly neglected by QP. Apart from this, the main dithe data sample (consisting of 507 stars) “with replacement”.
crepancies between data and model are seen in the scalehdiglst means that the same star can appear in the sample more
(Fig. 7 c,k), the central dispersion (Fig. 7 g,h) and the vertictdan once. We are allowed to do this, because the sample is vir-
rotation profile at/| ~ 8° (Fig. 7 f). tually free of any biases (S97A, S97B). These 25 new samples
The underlying reason is the same for all these discrepavere smoothed and modelled in exactly the same way as the
cies: the dispersion is too high to be explained by a 21 modsiiginal data. The mean of and the scatter in the results provide
that fits the other moments. The line of sight to the Galactitases and error bars on the input gridded data as well as on the
Centre is parallel to the radial direction, so the observed centnabdel distribution function and its moments (Fig. 7,A1): boot-
dispersiornoy depends on the radial dispersion only. Since strap measurements have the same distribution with respect to
the scaleheight, o o2 and in 2| distributionsr = o,, acom- the original measurement as the original measurement has with
ponent that increases will increase inevitably, viag ando,, respect to the “true” value. The errors arising from the gridding
the scaleheight at = 0°. The bad reproduction of the verticalare small and, as expected, the data are free of bias, except for
kinematic profiles arises because components that give cyleme small latitude—dependent bias (S97A, S97B; most notable
drical rotation (mainly F2) have low dispersion. Componenis Fig. 7 f). For the model, the small errors and biases indicate
that give vertically—constant dispersion profiles (mainly F1), éisat the distribution function is in general well-constrained by
observed for¢| > 15°, do not have cylindrical rotation. Notethe data and close to the “true” distribution functigiyenthe
that the flatness, high central dispersion and cylindrical rotatibmitation of being a two—integral model.
are all signs of the barred central Galaxy (eg. Kormendy 1993). Some ofthe model moments are considerably biased, though
For oversmoothed data (with a kernel twice as large as tfiég. 7, A1l). The mean vertical profiles in Fig. 7 j,| are actually
optimal kernel discussed in Sect. 3.1), the surface—density vepser to the data than the best—fit model. This means that these
tical profiles are fitted much better (Fig. A2 c,k,l). Accordinglydeviations between the DFA moments and the data are not due
the modelr is indeed higher (Fig. A2 g,h) and the model roto an intrinsic limitation of our modelling technique, but that
tation is more cylindrical (Fig. A2 f). The fit to the dispersiorfor some reason the data cause the model to be biased, eg. via
is better as well, because the central dispersion is no longethl®inevitable limitations of observational sampling. One should
sharply peaked. be careful not to think that the “average model” is closer to the
In Fig. A3 we present the model derived for the datdrue” distribution function than DFA is; it only means that DFA
smoothed with elongated kernels (see Sect. 3.1). The cenisalot close to the “true” distribution function fof| > 35°.

1. Errors, biases and stability
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Fig. 7. Cuts through combined projected moments of the model distribution function DFA (dashed) and through the data (solid; see Sect. 4). The
means and error bars on data (triangles) and model (circles) are found via bootstrapping (note that the cwt#eaneans, see Sect. 4.1).

The data was adaptive—kernel smoothed with initial kernel$ afif x 30kms* (see Sect. 3.1). Labels in the panels indicate for what value

of latitude or longitude, respectively, in degrees, the cuts are taken.

On the other hand, the biases on the model in Fig. 7 c,i ararticles in the £, y) plane and in thea(, =) plane. As criteria
away from the data. Hence the modelling technique really cédor stability we checked the total radial and vertical cumulative—
not provide good results here; one might guess using only td@ensity profiles and the total energy. To quantify the stability of
integrals is the inhibiting factor here. There is also a small bittse density profiles we use the Kolmogorov—Smirnov (KS) test
(~ 10) away from the data on the longitude model profiles idescribed by Press et al. (1992). The radial and vertical pro-
Fig. 7 a,b; this could be due to the obvious non—axisymmetfites pass the KS—test very well; the differences between the
features present in the data and thus the limitation of our awitial distribution and that after ten galactic revolutions are en-
isymmetric model. Similarly, the bias at larger longitudes direly negligible (Fig. 9, KS probabilityz95%). The total energy
the model dispersion profiles (Fig.7 g,h) could be caused blgows no variations other than of the order of the accuracy of
the limitations of our model potential that is not quite adequatiee integration {0~°).
at larger radii. So, although globally the 21 model reproduces
the observed moments well and with small uncertainties, itEi)s
presented with real problems by the vertical profiled=° '
(Fig. 7 c,i), as well as by the cylindrical rotation @ = 8° The problems of the 2I fit, mentioned in Sect. 4, may be over-
(Fig. 7 1). come by the use of three—integral (31) models, as for these the

We created an N—particle realization (N=5000) of the distriadial and vertical dispersions do not have to be the same and
bution function (see eg. van der Marel et al. 1997) and evolvtterefore the radial and vertical distributions are not coupled.
it, in the global potential used in QP, to show that DFA is numeFor axisymmetric Stckel potentials three integrals of motion
ically stable, as it should be as a valid function of the integrals efF, I, (= 0.5L2) andI; — are known analytically (de Zeeuw
motion. The realization is shown in Fig. 8, where we plot 1000985). We use QP with three types of 3l orbital components;

two are derived from the components in Eg. 3,4. The third—type

Third integral
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Fig. 8. The (¢, y) and {, z) positions for 1000 particles from the random realization of DFA.
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Fig.9. The cumulative—number density as a functionfofand of z for the initial distribution of the random realization (solid curve) and
the distribution after ten galactic revolutions (dashed curve). According to the Kolmogorov—Smirnov test, the probability that initial and final
distributions are the same is more than 95%.

components are axisymmetric Abel components (Dejonghep&tential does not represent properly the gravitational forces
Laurent 1991). Using the same input data as for DFA we obtaintside radii of~5 kpc. Clearly, in the inner regions a third
the distribution shown in Fig. 10. The 3l distribution functionntegral is needed to model the observed high dispersion and
comprises a few components with small, negative coefficienssnall scaleheight. An upcoming counterpart to the AOSP sur-
The problems of the fit in DFA (Fig. 7) are largely solved; ivey covering positive longitudes (see S97A,B) will enable us to
the inner regions, the dispersion is 20 kmi shigher for all construct a proper triaxial, three—integral model. The observed
latitudes and at the same time the minor—axis surface—dengitgitive—hegative—longitude asymmetries in stellar kinematics,
profile is fitted better. Also the cylindrical rotation at intermein combination with the known asymmetries in the stellar sur-
diate longitudes (Fig. 10 f vs. Fig. 7 f) is reproduced better; thiace density, will be essential to do this.

deviation of the model rotation from the databat 3° is only

half that in the 21 model. The components of the 3l distribu-

tion function are only truly 3l inside- 4 kpc; outside that the 6. The central 100 pc

dependency on the third integral decreases until it disappears ] .
at the solar radius. It is well known, however, that also in tHQ Sevenster et al. (1995; SDH) a sample of 134 stars in ap-

Disk a third integral is needed to describe the distribution Bfoﬁinlgtgéy the inne(; slthu(?re Qegtrr(]a € ;Etge Gtalat.x;i (_I}intt)ilqv;st
most populations, because the local vertical dispersion does?}t : dd)'t\'Nas InF1>CI) elie usTg i Tt Ft)odentTOé a 3\”?{
equal the radial dispersion (eg. Wielen 1977). We will not drafy"! @n additional Flummer potential truncated a peC. Wi

conclusions about the third integral in the Disk, as the Axtﬁle AX2 potential we obtain virtually the same results, this time
' without an additional Plummer potential. For the same data grid-
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Table 6. The components (in order of choice by QP) of the best—fihere are only components with = 200 anda = 900 in the

distribution function for the galactic—centre sample, integrated oveirgput library so this may have been crude. The radial scale of
spheroid of 0.50.25 kpc centered at the GC.

Family o 8 v 20 s C My,

F2 200 1 2 1 —1 6.2E35 2.22E-33
F1 900 2 —1 2.9FE21 6.14E-20
F2 200 2 2 1 —1 5.4FE38 4.56E-36
F2 900 0 2 0.1 O 2.8E17 2.81E-16
F1 900 3 —1 3.1E26 7.98E-26

thea = 200 components is roughly 200 pc; that of the= 900
components 50 pc. The rotation in the inner 100 pc comes from
the F1 components.

This is even more pronounced if we use only the 10 nearest
neighbours to calculate the moments. In this case the observed
dispersion abt=0° increases from 50 knTs at ¢ = 0° to 120
kms~! at/ = 0?6, which is the observed value for the AOSP
sample (Fig. 7). The: = 200 are co— and counter—rotating, re-
spectively, as in found in other runs, mainly to fit this increasing
dispersion. All rotation comes from = 900 F1 components in

ding as in SDH, over 20 nearest neighbours, there are co— gqd case.

counter—rotating F2 components of similar extent (ie. sinaijar Possibly thex = 200 components are connected to a part of
and mtore concentrated co-rotating or fully isotropic F1 corfye GC sample that forms the innermost extension of the Bulge;
ponents.
It is difficult to determine the correct way to smooth thigit in well with that. The counter—rotation in these components
small sample and the exact results are dependent upon iflighg for a range of inputs is used to increase the dispersion
smoothing. The model we give in Fig. 11 (Table 6) is obtainggificially; possibly the central concentration of the potential
from the data averaged over 30 nearest neighbours. In this Gasfot fully adequate; or a third integral, that reproduced the
no counter—rotating components are found by QP. The valuggle AOSP central dispersion, is needed also in this model.
D (Eq. 2) has converged to within 1% at the inclusion of thgne, — 900 components may form the true GC sample (SDH;

fifth component (Table 6), but the final valuelofis 60% of the - gjouwerman etal. 1998a,b; Sevenster 1999), judging from their
initial. The latter indicates that this fit can be improved upon;

the kinematics, radial scale and large vertical scaje=(1 kpc)
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Fig. 11. The fit to the sample of galactic—centre stars (data averaged over 30 nearest neighbours; see Sect. 6). The cuts are at different longitudes
and latitudes than in Fig. 7.

high rotation and small radial and vertical scales. These com- [ 70-5max FLmax
ponents are probably formed mainly by high—outflow source§eee = /_O.SL , F(E, Lz)dL, /_L f(E,L,)dL,  (6)
7. Discussion where L., is the absolute value of the angular momentum of

. a circular orbit with energy¥. In Fig. 12 a these fractions are
7.1. Density shown for DFA. In the centreR/E, > 0.95, which coincides
For the 21 as well as the 31 model, the scalelength and scaleheititcircular orbits withR.;, < 160 pc, for radial orbits with
at R = 6 kpc are 2.5 kpc and 200-250 pc, respectively. Atraa < 230 pc, Fig. 4) the distribution function is isotropic to
R = 0 kpc, they are 200-220 pc and 150 pc. These scales fthin 1%. ForE/Ey < 0.5 (Reir > 2.5 KpC, Rraq > 4 kpc)
very similar to those found for the same sample in an analy$i®re than 99% of the mass is on almost-circular, co-rotating
of the surface density only (Sevenster 1999), except for tA&its. The biases and errorbars indicate that the distribution
scalelength that is smaller but still large with respect to mdétnction at high binding energies is not very well-constrained.
determinations of the scalelength (see Sackett 1997), althoddfis can be seen in the moments only for the surface density,
Binney et al. (1997) also find a scalelength of 2.5 kpc froff@r which the errorbars near the Galactic Centre are large (Fig. 7
fitting COBE data. a,b,c).

There is considerable bias on the fraction of DFA on ec-
centric orbits, which means that this fraction is not close to the
“true” fraction of eccentric orbits in the central Galaxy. The
The fractions of co—rotating and of eccentric orbits, respectiveffaction of co-rotating orbits is less biased and always larger
can be defined by the following formulae: than 50% (in the mean), so there is no significant net counter

rotation in the AOSP sample.

Froroy = /O F(E, L,)dL, /JFL"‘Z‘}(E’ L)L, (5) There is aturn—over in the energy distributions in Fi_g. 12aat
. L E/Ey ~ 0.7 (Reir= 840 pc,R.aq= 1.4 kpc) and the fractions of

7.2. Orbits

J—L —Lmax
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Fig. 12. aThe fractions of the phase—space density on co-rotating orbits (Eq. 5, thick solid curve) and on eccentric orbits (Eqg. 6, thick dashed
curve). The sum of the two (thin solid curve) equals 1 only if the distribution is fully isotropic, fully co—rotating or contains only eccentric orbits

The biases (points) and errorbars are obtained via bootstrapping (Fig. 7, Sect. 4); the thin dashed curve gives the sum of the two bootstrap—means.
DFA is fully isotropic in the centre; = 1), but the bias indicates that the AOSP sample ismdte mean rotation for DFA and the 31 model,

as well as for the F1 and F2 components of DFA separately, is shown as a function of radius.
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eccentric orbits and of counter—rotating orbits decrease quickly>°
outside this radius. Aroun&t = 800 pc, the rotation curve of the
F1 component (Fig. 12 b) reaches its maximum (31.5 kh).s
The rotation is continued fairly smoothly by the F2 component,
though. A disky and a bulge—like regime can be identified
energy, but not so clearly in radius, although a mild transition 50
can be seen at a radius 2.5 kpc (Fig. 9). There is an “isotropic—

rotator” regime insidev 1 kpc outside which the disk starts. -] s
Between 1 kpc and 4 kpc the isotropic components contribute 0 =55 obo b
to a non—negligible fraction of mass on eccentric and counter— R (kpc) R (kpc)
rotating orbits. The rotation is almost linear out to 2.5 kpc, out-

side 4 kpc the regime is purely disky. This is in agreement wi Hg. 13a and b. The radial (dashed), the azimuthal (solid) and the

hat b d bul d db d thei vertical (dotted) dispersions in ks at z = 0 for DFA (a) and the
arguments t at barred bulges do not extend beyond their P model b) as a function of radius. For DFA the vertical dispersion
rotation radius (eg. Contopoulos & Grosbhgl 1986; ElmegregaumS the radial.

& Elmegreen 1985), which in the Galaxy is at 4 to 5 kpc.

100 100 =

50

7.3. Dispersions sions are observed to be almost equal, but have a much lower
value. The 3l dispersions yield, = 18 kms™!, equivalent to
The dispersions that derive from DFA are obviously biased pservations of stars of 1 Gyr, for which the full velocity
the factthabr=0,. At the solar radius, DFAyields,04,0,)  ellipsoid is (14 kms?, 11 kms'!, 8 kms ') (Wielen 1977).
=(11kms',22kms*, 11kms ') soo, = /(02 +0%) =25 Despite the decoupling from,, o is still not larger tharv.
kms~!(Fig. 13 a). Thiso,, agrees with a population of 1.5 As we already noted in Sect. 5, the 31 model does not contain
Gyr for which the observed full velocity ellipsoid is (19 km's 31 components at radii larger than4 kpc. Although individu-
15kms !, 10 kms!) (Wielen 1977). S is forced to repro- ally o ando, do not match observations, the dispersion in the
duce most obr,s asor cannot be larger tham,, that in turn is  planes, has the value expected for a population of the average
limited by the scaleheight. In the 31 model, the local dispersioage of the OH/IR stars in the Disk/(1.5 Gyr, Sevenster 1999).
are all 13 kms. For young stars€ 0.5 Gyr), the three disper- Keeping in mind that our model potential is not fully adequate
at radii larger than 5 kpc, the “deviant” model—dispersion ratios
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Table 7. The components (in order of choice by QP from Table 4) dfable 8. The components (in order of choice by QP from Table 4) of
the best—fit model to the high—outflow sources (horizon 13 kpc).  the best—fit model to the low—outflow sources (horizon 11 kpc).

Family o 8 v 20 is C M, Family o 8 v 20 is C My,

F2 101 6 1 —1 7.1E5 1.07TE-5 F1 51 —1 1.4F1 6.66E-1
F2 226 1 —1 52FE3 3.35E-2 F2 226 1 —1 29FE3 3.35E-2
F1 20 0 0 2.3E3 9.70E-3 F1 20 1 —1 7.2FE5 2.89E-5
F1 5 2 1 5.8E2 2.58E-1 F1 10 0 0 3.7E2 5.69E-1
F1 20 1 —1 2.8E5 2.89E-5 F2 222 1 —1 1.1E3 4.66E-3

may indicate that a significant number of OH/IR stars is not on

epicyclic orbits. stars connected to DFA5 have the lowest total probability to be
A well-observed dispersion is the line—of-sight dispersiaonnected to DFA, supporting the idea that they were not really
toward Baade’s window/(= 1°,b = —4°) of 113'% kms™! fitted very well. The most probable component is DFA4, fol-

(Sharples et al. 1990). DFA yields 107 km'sand the 31 model lowed by DFAL. The star with the lowest probability to come
113 kms !, hence the observed dispersion, even at the higlissm DFA is the one in the extreme lower right corner of Fig. 14
latitude of Baade’s window, is matched somewhat better Ipyf k,I.

the 31 model. The proper—-motion dispersions toward Baade’s We tentatively connect the F1 components to the Bulge and
window are ¢, 03) = (3.2+0.1 masyr—',2.8+£0.1masyr—!') the F2 component to the Disk. As DFA1 is well constrained by
(Spaenhauer et al. 1992). DFA and the 31 model yield (1.6,1ars in regions where only the Disk is contributing, we may
and (3.5,2.4), respectively (taking the detectability of sourcesnclude that also at lower longitudes it represents the (fore-
inversely proportional to the distance squared and integratigigpund) Disk, as is supported by Fig. 14 a,g. This means that
out to 8 kpc). 50% of the AOSP sample is identified with the Disk and that

the fraction of Disk stars af| <5° is 20%.

7.4. Disk versus bulge

Imagine that the total distribution function, DFA, indeed fuIIy7'5' Young versus old

describes the stellar dynamics of the Galaxy. Each OH/IR starFig. 14 different symbols are used for high—outflow, low—
can be thought of as a random realization of DFA — more speafstflow and single—peaked sources, respectively. OH/IR stars
ically, as drawn from one of the DFA components. The probeith high outflow velocities are in general younger than those
bility, then, that a star S is drawn from, say, component DFA1 \gith low outflow velocities (see Sevenster 1999 and references
the conditional probability (SDFA1|SeDFA). This, according therein). The single—peaked sources can be either (very) young
to Bayes' rule, is proportional to the density of the componeat (very) old; we will not include them in this discussion. All F1
at the position of S. Hence, the component with the highest demmponents of DFA have more low—outflow—than high—outflow
sity, integrated over the unmeasured coordinates, at the posisonrces (4:3) connected to them. For the F2 component this is
of a star, is most likely to have “generated” that star. exactly the other way around, as expected from the fact that it
InFig. 14 we show this by plotting for each component of Tasonnects to Disk sources mainly. We can assess further the age—
ble 5 the longditude-latitude diagram and longditude-velocitlependence of the distribution function by modelling the two
diagram of the stars for which this component gives greatggbups, separated in outflow velocity at 14 km gexcluding
probability. Although one should be careful to interpret the comsingle—peaked sources), individually, with the same potential
ponents of the distribution function exactly as physical compand library we used to obtain DFA. The results are given in
nents of the Galaxy, it is clear that the first component DFATiable 7 and Table 8, respectively.
forms the main galactic Disk and DFA2—4 are connected with The main disk (DFA1) and the rotating—bulge component
a slowly rotating isotropic bulge. The role of DFA5 is difficultDFA3 return for both the low—outflow— and the high—outflow
to assess. The fraction of stars with longitudes bel®§° that sources. DFA4 returns for the high—outflow sources only and
connect to DFA5 is 25%. However, the mass fraction of thi3FA2 for the low—outflow sources. These components are the
component is of the order of 2% for radii larger than 2.5 kpmain Bulge components, a younger and an older (more ex-
(Fig. 12). The Disk stars connected to DFA5 are probably mairtgnded), respectively, forming the “isotropic rotator” together
those that make up the local features that are not fitted by Di#dth DFA3 (Sect. 7.2). The high—outflow sources have an extra
(Fig. Al). As those stars have rather deviant velocities, theyfi2 component with the same vertical extent as the main DFA
in best with DFA5, because it has very high velocity dispersiatisk, but more centrally concentrated and less strongly rotating.
(~100 kms1). This doesot mean that those stars instigatedhis may be the youngest part of the Bulge that is not massive
the inclusion of DFAS5 in DFA, after all they are not properlyenough to be seen in DFA. The low—outflow sources have an
represented by the fit. DFAS5 may represent the tail of the Bulgextra F2 component that has the same radial extent and rotation
that apparently protrudes 1o ~4 kpc (cf. Fig. 12 a). Indeed the (5) as the main DFA disk, but is less concentrated toward the
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Fig. 14. This figure shows, for each component (from the top down in the order of Table 5; in the bottom panel for DFA in total), the longditude-
latitude diagram (left) and longditude-velocity diagram (right) of the stars “associated” with it. The different symbols indicate high—outflow
(triangles), low—outflow (circles) and single—peaked (crosses) OH/IR stars. For further explanation see Sect. 7.4.

plane (,=300 pc). This may be the older Disk, heated from the Lintel sample the stars are on average older, like the low—
flatter Disk. Again it is not massive enough to appear in DFAoutflow AOSP sources, and these older stars apparently need a
In Fig. A5&A6 we show the fits of DFA and the distributionthicker disk component, primarily to describe their kinematics.
function of Table 8, respectively, to a sample of OH/IR stafEhe transition between the Disk and the Bulge (Fig. 12), at least
that reaches higher latitudes than the AOSP sample but isabhigher latitudes, is more continuous than suggested by DFA
complete in the plangy| < 3°; te Lintel Hekkert et al. 1991). (Fig. A5 e vs. Fig. A6 e; see discussion in Sect. 7.2).
The coefficients for the components of DFA and Table 8 are In summary, it seems that there are no distinct dynamical
redetermined for this sample. We use the horizon that optimizesnmponents such as a Bulge or a thick Disk. In fact, the young
the fit to the surface density (13 kpc). Clearly, a thicker didBulge has a part that in vertical extent is very similar to the
component such as seen in the low—outflow sources is essemligk, in radial extent to the more isotropic older Bulge and
to explain the still cylindrical rotation in the Lintel sample; inntermediate in its degree of rotation. The older Disk is very
fact the coefficient for the F2 component with= 6 is zero similar in radial extent and rotation to the younger disk, only
for the fit in Fig. A6 (as this flat component would be severely little thicker and as such connecting even more smoothly to
undersampled by the Lintel sample). At the higher latitudes tife Bulge. We do not sample the very old BulgelQ Gyr),
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that may be the inner halo or*“3-5 spheroid” and was found Binney J., Dehnen W., 1997, MNRAS 287, 15
to be dynamically different from the younger “nuclear BulgeBinney J., Gerhard O., Spergel D., 1997, MNRAS 288, 365
by Rich (1990). Burton W., Gordon 1978, A&A 63, 7
The connection we find between Bulge and Disk, especiaﬁ;ﬁldwe" J., Coglson I., 1989, Blitz L., Lockman F. (eds.) The outer
their similar vertical extent for the younger stars, is in agree-oni)igﬁ’éjg“”g‘fgsg}a ?i 1986, AGA 155. 11
ment with the notion that the Bulge is triaxial and that this Bag o S i ’
formed via disk instability (see ngenster 1999). Of course, \Eéeze M., Chereul E., Bienayme O., Pichon C., 1998, A&A 329, 920

) . éjonghe H., de Zeeuw P.T., 1988, ApJ 333, 90
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in Kormendy 1993). Durand S., Dejonghe H., Acker A., 1996, A&A 310, 97
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by DFAL as Disk stars. Feast M., Whitelock P., 1997, MNRAS 291, 683
Frogel J., 1988, ARA&A 26, 51
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Using a simple, axisymmetric potential we construct a staq@,rr F., Lynden—Bell D., 1986, MNRAS 221, 1023

two—integral distribution function (DFA) that gives a very goog,chanek C., 1996, ApJ 457, 228

global fit, in the first three projected moments, to our “AOSR{ormendy J., 1993, In: Dejonghe H., Habing H.J. (eds.) Proc I1AU
sample of OH/IR stars in the plane. Some detailed discrepanciessymp. 153, Galactic Bulges. Reidel, Dordrecht, p. 209
between the model DFA and the data indicate that the distriliusijken K., Gilmore G., 1989a, MNRAS 239, 605
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