GENERAL ARTICLES

] —y

- L _—

14

15

16

17

18

19

23.

24.

25.

Ashichar, A, Lectures on Nomnperturbative Canonical Gravriy,
World Scientific, Singapore, 1991, pp 3343 (Advanced Scries 1n
Astrophysics and Cosmology, vol 6)

Ashtchar. A | New Vanables for Classtcal and Quantum Gravity,
Phyvs Rev Letr 1986, 57, 2244-2247

Smohn, L . Experimental signatures of quantum gravity, CGPG-
95-3-2, Mar 1995, e-Print Archive gr-qc/9503027.

Rovells C and Smohln, L, Spin networks and quantum gravity,
CGPG-95-4-4, Apnl 1995, 42 pp, e-Print Archive. gr-qc/9505006
Rovelli, C and Smolin, L., Discretenecss of area and volume 1n
quantum gravity, CGPG-94-11-1, Nov 1994.. 36 pp. e-Print Ar-
chive gr-qc/9411005.

Ashtehar. A., Lewandowski, J., Donaid, M | Jose, M. and Thie-
mann, T., Quantization of diffeomorphism-invanant theories of
connectrons with local degrees of freedom, UCSBTH-95-7, Apr
1995, 71 pp. e-Print Archive gr-qc/ 9504018.

Ashtehar, A and Lewandowsky, J., Differential geometry on the
space of connections via graphs and projective himuts, CGPG-
03-12-04. Dec 1994, 53 pp e-Print Archive: hep-th/9412073,

. Ashtehar, A, Lewandowski, J, Donald, M, Jose, M and Thie-

mann, T., Coherent state transforms for spaces of connections,
CGPG-94-12-02, Dec 1994, 38 pp, ¢-Print Archive gr-q¢/9412014
Cumrmun, V and Edward, W., A one loop test of stning duality,
HUTP-95-A015, May 1995, 13 pp, e-Pnnt Archive: hep-
th/9505033.

Schwarz, J H, Classical duality symmetrtes in two dimenstons,
CALT-68-1994, May 1995, 13 pp., Presented at STRINGS 95:
Future Perspectives 1n String Theory, Los Angeles, CA, 13-18
March 1995, e-Print Archive: hep-th/9505170.

Schwarz, J. H,, String theory symmetries CALT-68-1984, March
1995, 12 pp., presented at International Workshop on Planck
Scale Physics, Puri, India, 12-21 December 1994, e-Print Ar-
chive hep-th/9503127.

Schwarz, J. H., Evidence for nonperturbative string symmetries,
CALT-68-1965, July 1994, 9 pp, Conference on Topology,
Strings and Integrable Models (Satethite Colloquium to the

. — Al il

ICMP-11 18-23 Jul 1994), Pans, France, 25-28 July 1994, e.
Print Archive hep-th/9411178

Notes

|  Ontology is the part of metaphysics concerned with the nature of
existence.

2. Stephen Hawking’s 4 Brief History of Time. A Reader's Com-
panion, prepared by Gene Stone, Bantam Books, 1992, p125

3. In SR, a foliation 1s a one-parameter family of three-dimensional
flat surfaces {(hyperplanes) which, taken all together, fill out the
entire spacetime. In GR, these surfaces are curved

4 Dust as a standard of space and tume in canonical quantum
gravity By J. David Brown (North Carolina State Umiversity),
Karel V. Kuchar (Utah U), GRQC-9409001, Aug 1994 57
pp ¢-Print Archive gr-gc@xxx lanl gov - 9409001

5 Dust is a basic type of matter which experiences only gravity,

and no other interaction.

Physics Today, 1991, 44, 36, Decoherence, Wojicek Zurek

See for instance, Extremal Black Holes and Elementary String

States, Ashoke Sen (ICTP, Trieste and Tata Inst ) TIFR-TH-95-

19, Apr 1995. 16 pp. e-Print Archive hep-th/9504147,

8. :Gravitation and Cosmology’ Principles and Applications of the
General Theory of Relativity, Steven Weinberg, New York,
Wiley, 1972, xxvui, 657 pp., ull, 23 cm

9 A single-valued function f(z) is holomorphic (or regular or ana-
Iytic) 1in a region if it is differentiable at each point of the region

10 Superstring Theory, Phays. Rept , 1982, 89, 223.

~ o

ACKNOWLEDGEMENTS. This article was based on interviews with
Chnis Isham, Ed Witten and Abhay Ashtckar Willlam Spence at
Queen Mary and Westfield College in London helped review the
final draft. It was the basis for a theory seminar presented at Mel-

bourne Untversity, Australia.

Faint star counts and the Milky Way structure

Devendra Ojha

The Milky Way Galaxy offers a unique opportunity for testing theories of Galaxy formation and
evolution. Here we discuss how large surveys, both photometric and astrometric, of galactic stars
are the keystones in investigations into such fundamental problems as the merging history and
future of the Galaxy. This work features a sample survey plan to produce probes of stellar popu-
lations in the Milky Way. Objectives of this work are to trace the fine structure of our Galaxy
through the statistical study of the stellar distributions according to their luminosity, colours and
proper motions. This involves two steps: first, acquiring a new photometric and astrometric sam-
ple survey in various galactic directions; and second analysing the data using a model of popula-
tion synthesis and determining the properties of populations in the Galaxy and constraints on the

scenario of formation and evolution.

THE field of galactic structure is currently extremely
active, due mostly to improvements In observational
capabilities and the realization that our Galaxy is
perhaps the one best-suited to test theortes of Galaxy

Devendra Ojha ts in the lntelr-Unwersny Centre for Astronomy and
Astrophysics, Post Bag 4, Ganeshkhind, Pune 411 007, [nd1a
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formation. The concept of stellar populations has proved
to be one of the most useful ideas of modern astronomy.
Most simply, it is the idea that we can define a popula-
tion as a set of stars that possess shared characteristics
such as composition, age or kinematics, and that we can
use the properties of various stellar populations to de-
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termine the structure and evolutionary history of the Gal-
axy. The first modern definition of stellar populations was
given by Baade' who defined two stellar populations - the
now famous populations I and JI — based on colour-
magnitude diagrams and on the brightness of resolved
stars in M31 and M32. Population | is composed of stars
found in the disk of our Galaxy and in the Magellanic
Clouds; a signature of this population is the presence of
highly luminous O- and B-type stars and open clusters.
Population II is made up of stars with colour—magnitude
diagrams like galactic globular clusters, which lack lumi-
nous blue stars; another signature of population II is the
presence of short-period Cepheid variables. Now it be-
came clear that population Il was old and poor in metals,
while population 1 was metal-rich and contains both
young and old stars. The various doubts and worries about
the population I/lIl scheme came to a head in the famous
Vatican Conference® of 1957, during which Baade’s
original two populations were replaced with five: extreme
population 1, older population I, disk population, inter-
mediate population 11, and halo population 1l. Since the
Vatican Conference, the field of stellar populations has
been advanced significantly, and we now have a wealth of
detailed imformation on populations throughout the Gal-
axy. One of the main developments is that we now have a
good picture of the intermediate population (thick disk) in
our Galaxy, 1.e. a component with characteristics inter-
mediate to those of the thin disk and halo populations’.
Studies of stellar populations often take as their start-
ing point large-scale surveys, with selection criteria in-
volving one or more observable variables. The physical
location of the stars 1s arguably the most important con-
straint. With these points in mind, we have carried out a
sample survey in UBV photometry and proper motions
in various directions in the Galaxy. Large Schmidt tele-
scope plates are well suited for measuring photometric
magnitudes and positions for a large number of stars,
because they have a large field (5° x 5°) and go suffi-
ciently faint. By choosing a reasonable number of fields
in various galactic directions, we expected to get a rep-
resentative sample of the spatial distribution of the dif-
ferent stellar populations, which have led to an under-
standing of the history of formation and evolution of the
whole Galaxy. The kinematical studies of stellar popu-
Jations are very important because they follow the ga-
lactic dynamics and retain the memory of the evolution
of the whole potential. The results discussed here con-
cern the kinematics of thin disk and thick disk popula-
tions of our Galaxy and the scenario of formation for the

thick disk population.

Observations and data reduction

The chosen directions constitute a complete set of fields
at high and intermedsate Jatitudes:
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e Direction towards the galactic anticentre® (/ = 167°,
b = 47°).
* Direction towards galactic centre’ (/= 3°, H=47°)
near the globular cluster M5,
e Direction towards the
(I =278°, b =47°).
e Direction towards
(I = 58°, b=80°)

galactic  antirotation®

the North Galactic Pole’

The basic observational material for the survey is
Schmidt plates. The plates used in our programme have
been taken from Palomar, Tautenburg, European
Southern Observatory and Observatoire de la C6-
ted’ Azur (France) Schmidt telescopes. For each field the
plates have been taken in UBV filters. In all we have a
total of 58 plates for the various fields. Each plate has
been scanned with the MAMA (Machine Automatique a
Mesurer pour I’ Astronomie) machine at Paris Observa-
tory. A sampling step and pixel size of 10 pum has been
used to scan the plates. The output of the MAMA ma-
chine is a catalogue of objects giving the positions X
and Y, integrated density and the area of each object.
The integrated densities are used to calibrate the plates
photometrically, while a combination of various
Schmidt plates of a given field s used for proper motion
determination involving a time base of ~34 years. To
calibrate the plates photometrically a number of pho-
tometric standards are required. The standards should
cover the entire range of magnitudes and colours to be
studied. To obtain photometric standards we have ob-
served a number of subfields in each field using the
CCD system attached to the 1-m Sampuranand telescope
of the UP State Observatory at Nainital, India. A few
standards have also been observed using the 1.2-m tele-
scope of Observatoire de Haute-Provence in France. Qur
final photometric and astrometric survey contains
55,000 stars covering a S0 square degree field.

Kinematical analysis

The distance of each star in the catalogue was deter-
mined by estimating the absolute magnitude, which was
obtained from a M, vs B-V relation of main-sequence
stars of solar metallicity, taking into account the metal-
licity change as a function of the distance from the ga-
lactic plane. The cardinal components of the stellar
space velocity (in km/s), U, V and W (where U is de-
fined as positive in the direction of the galactic anticen-
tre, V is positive in the direction of galactic rotation, and
W is positive in the direction of NGP), were dertved
from proper motions, gy and u, (in arcsec per year) and
line of sight distance d (in pc)®.

The major factors contributing to distance €rcors are
the photometric errors in the colour of Oy | and magn‘i-ﬂ
tude oy From our surveys, we expect the mean errors an
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op-= 0.1 and ;= 0.07 for }"= 11-18. From these val-
ves. our estimate of error of about 20% in distance
seems to be realistic up to z =3 kpc, where z is the
distance above the galactic plane.

Kinematics of stellar populations

The kinematical properties of each stellar population are
related to their spatial distributions, Scale height, veloc-
ity dispersions and asymmetric drift are linked by the
Boltzmann equation. The proportion of each stellar
population varies with the distance above the galactic
plane and the selection of a stellar sample at a given
distance allows one to optimize the proportion of one
population. Since kinematical data allow one to improve
this identification of populations, we have minimized
bias from mutual contamination of each population at a
civen height by performing a kinematical separation of
populations. To perform the kinematical separation, we
have used a maximum-likelthood method (Stochastic
Estimation Maximization (SEM) algorithm)’ in order to
deconvolve the multivariate Gaussian distributions and
estimate the corresponding parameters. The aim of the
SEM algorithm is to resolve the finite mixture density
estimation problem under the maximum-likelihood ap-
proach using a probabilistic teacher step. Through SEM
one can obtain the number of components of the Gaus-
sian mixture (without any assumption on this number),
its mean values, dispersions and the percentage of each
component with respect to the whole sample. We have
used this method to separate the 2-D Gaussian velocity
distributions (U, V) to identify the two components (thin
disk and thick disk) of the Galaxy'®. A multivariate dis-
criminant analysis'' is also used to distinguish the thick
disk from other populations with the help of the model

of population synthesis'>"".

Thin disk population

For the thin disk population, we observe a continuous
increase of velocity dispersion with height®>, It can be
explained by the fact that the thin disk is a mixture of
disks with various scale heights and velocity disper-
sions, since the disk is not formed in isothermal compo-
nents. This results in a vertical gradient of velocity dis-
persions, since the disk is not resolved in isothermal
components. For the thin disk population, we obtain a
measure of the kinematic gradients, which appear to be

dnof .y _
IR

~0.18+0.03 kpc™!
and

dino?
7 = ~005+ 002 kpc~'.
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R is the galactocentric distance projected upon the ga-
lactic plane. Our results''! confirm that the thin disk
has a relatively short scale length of ~2.3 + 0.5 kpc and
scale height of ~258 + 50 pc.

Thick disk population and the merging history of
the Milky Way

The thick disk population has been revisited under the
light of these new data. We used also other photometric
and astrometric sample survey in complementing dircc-
tion, like the pole’.

The sample of stars in two fields (galactic centre and
anticentre) have been divided into 6 or 7 bins of dis-
tance, and in each bin of distance a fit has been per-
formed with a SEM algorithm to identify the Gaussian
(U, V) components corresponding to the different
populations*”. The thick disk population has been iden-
tified as a discrete and distinct component. In our pres-
ent study“, the thick disk population appears to be 1so-
thermal, since the kinematical characteristics are nearly
constant along the line of sight and so that there is no
vertical gradient. For this reason, the velocity character-
istics for this population are much better defined. For
the thick disk population, the kinematic radial gradients
appear to be aimost zero:

c?lﬂd'g;,rw
= -0.008 +0.01 kpc™!
gy 0.008 +0.01 kpc
and
dlnol
_— = +0.02 + 0. -1
R 0.02+0.02 kpc

By combining the kinematical results deduced from our
four surveys (galactic centre, anticentre, antirotation,
and NGP), we have derived the velocity ellipsoid of the
thick disk population''. The mean kinematic parameters

are: (Gy, Oy, Ow, Visg) = (7214, 5413, 4013, 40x10)
km/s. The most probable values of scale height and local
normalization for the thick disk component are deter-

mined to be Az ~759+50 pc and Apa=74712% of the

disk. The ratio of the number of thick disk stars in the
galactic centre region to that in the centre region ytelds

hr~ 2.8-3.7 kpc for the scale length of thick disk .

These properties have been compared with several
scenarios of formation. ‘Top-down’ models, where the
thick disk forms through a dissipational collapse, after
the halo formation and before the thin disk has com-
pletely settled down, are in contradiction with the data,
since they infer a continuity in the characteristics of the
thick disk and thin disk and large kinematical vertical
gradients. Alternatively, ‘bottom-up’ models suppose a
formation of a thick disk after the complete collapse of
the thin disk. We can eliminate those where the thick
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disk formed from a secular kinematic diffusion of thin disk
stars (which would produce a continuity between thin and
thick disks). It remains a scenario well in agreement with
the present data: the thick disk could have been formed
from the dynamical heating of the thin disk during the sink
of a small galaxy into the Milky Way. This merging event
has to happen at the beginning of the thin disk life time so
that the gas can cool again and form stars in the long-lasting
thin galactic disk that we see now. This violent bottom-up
scenario leaves two important observational signatures.
First the thick disk is a separate population distinct from the
thin disk and the halo. Second, no gradient can be generated
in the thick disk by the event, although a preexisting gradi-
ent may survive the merger.

Conclusions

The thick disk population is found from all points of view
(density laws, kinematics and metallicities) as a population
well separated from the thin disk. It shows no gradient ei-
ther on abundance’ or on kinematics. The results emerging
from the present study of the correlations between photome-
try and kinematics give a mounting evidence that the thick
disk of the Galaxy is most likely a sequel of a dwarf satel-
lite galaxy merging in the Milky Way disk during the early
epoch of this disk. This interpretation emerged from an
accurate characterization of the thick disk properties: the
scale height and the scale length of this component have
been established; its rotation and velocity dispersion turned

out to be quite distinct from both the disk itself and the
halo. The local density of the thick disk component is twice
what was previously assumed and the stellar colours do not
reflect any significant chemical gradient.
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A unique and remarkable binary pulsar

Simon Johnston

Research Centre for Theoretical Astrophysics, University of Sydney, NSW 2006, Austral:a

PSR B1259—63 is one of the most remarkable pulsars
ever discovered. [t is the only pulsar known to be orbit-
ing a main-sequence Be star and forms the ‘missing
link® in the evolutionary scenario of binary stars. Its
orbit is highly elliptical and every 3.5 yr it approaches
to within 0.5 AU of its companion star. Its pulse profile
is unique among pulsars and shows that the opening
angle of its emission cone exceeds 180° Observations
made around the time of closest approach of the two

stars show changes in the pulsar’s dispersion measure,
rotation measure and fractional linear polarization on
very short timescales. The pulsar is observed to spin
down during the periastron passage. The companion
star to the pulsar has been monitored at optical and UV
wavelengths. The system is a radio and X-ray transient
and has been dctected at y-ray energies, with the high-
energy emission probably occurring in a shock front
formed by the collision of the two stellar winds.

- S— vyl gy, S e

o

L el

IN this review paper, I will discuss the remarhkable bi-
nary pulsar PSR B1259-63. I will start with a general
introduction into pulsars and binary systems before
moving on to the specifics of the system containing PSR
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B1259-63. There are an increasing number of excellent
conference proceedings and review articles on pulsais in
general with varying degrees of complexity. Interested
readers should coasult refs. 1~ 11 and the references therein.
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