
Stars, retain a sample of the interstellar medium out of which they
were formed. Since there are stars who live (or will live) longer than
the universe this is a very handy tracer of conditions under which
stars formed from the earliest times to the present.

Star formation should also indicate the major episodes in the galaxy
building process: from the formation to major mergers.

Stars are direct tracers of the early universe



The Local Group consists of 2-3 spiral galaxies (MW, M31, M33) and
a very large number of dwarf galaxies with a range of properties. To
sample a larger range of galaxy type and environment we have to go
some distance beyond the Local Group. Preferably to Virgo, where
there is a large range of giant galaxy types and especially Elliptical
galaxies.

Resolving Stars beyond the Local Group
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Galaxy Evolution

To understand the formation of the various types of galaxies have 
to investigate the properties of their stellar components.

The Hubble Sequence:



Hudson 1993 via Sparke & Gallagher
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Global Properties

Kormendy via Sparke & Gallagher
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How to study resolved stars?

• Colour-Magnitude Diagrams (photometry)

• Metalliciities (spectroscopy)



History (CMDs)
First CMDs with photographic
plates, wide field but not very
sensitive - pioneering work!
e.g. Sculptor dSph

Hodge 1965

Hurley-Keller et al. 1998



Yi et al. 2003

Yale-Yonsei
Theoretical Isochrones
       2 & 12 Gyr



Dwarf Galaxies as Astrophysical and Cosmological ProbesEline Tolstoy (Kapteyn)

Yi et al. (2003, ApJS,  144, 259),

Virgo m-M= 31.   (17Mpc)

NGC3379 m-M= 30.   (10Mpc)

M81/Scl m-M= 27.7  (3.5Mpc)

M31   m-M= 25.   (1Mpc)

[Fe/H] = -0.7; 1,2,3,5,10,13 Gyr



Dwarf Galaxies as Astrophysical and Cosmological ProbesEline Tolstoy (Kapteyn)



Dwarf Galaxies as Astrophysical and Cosmological ProbesEline Tolstoy (Kapteyn)



Dwarf Galaxies as Astrophysical and Cosmological ProbesEline Tolstoy (Kapteyn)



Dwarf Galaxies as Astrophysical and Cosmological ProbesEline Tolstoy (Kapteyn)

The Proposal



Dwarf Galaxies as Astrophysical and Cosmological ProbesEline Tolstoy (Kapteyn)



Dwarf Galaxies as Astrophysical and Cosmological ProbesEline Tolstoy (Kapteyn)

To make significant progress we need to study large numbers of resolved stars in a
range of galaxy types and this requires us to look beyond the halo of the Milky Way.



NGC4660
A Virgo Elliptical - the most challenging case. (m M)0 ~ 31.2.

This means that the tip of the RGB is at I~27.2, K~25.; the HB at I~31.8, K~31.7; the
oldest MSTO at I~35.7, K~35. The central surface brightness of this galaxy is given
as I(0)= µ0 = 16 mag/arcsec2 (in B), with a half-light radius re = 8.6arcsec and I(Re) =
14.7 mag/arcsec2 in H [H-K = 0.25mag, typically]; re = 15.3arcsec and I(Re) = 19.6
mag/arcsec2 in B.

The major axis of this galaxy is 1.9 arcmin; minor axis 1.24 arcmin. The total extent
(~4 disk scale lengths, 25mag/arcsec2) is 140 arcsec (2×rext).

I estimate, at re we will have more than 5000 stars per arcsec2 at the Horizontal
branch magnitude (average star to star separation of 15mas), and in the centre, r0,
around 1 million stars per arcsec2 (average star to star separation of 1mas), also at
the Horizontal Branch.

This means that the positioning of the image field depends strongly upon the
achievable resolution, and the depth of the photometry.

There are 2MASS images (in J,H,K), these can be obtained from web (via NED).
There are HST images (ACS), from Andres Jordan (g, z sloan filters).
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NGC3379
A slightly closer Giant Elliptical Galaxy, in Leo Group.
At a distance modulus (m )0 ~ 30.3.
This means that the tip of the RGB is at I~26.3, K~24.1; the HB at I~30.9, K~30.8; the
oldest MSTO at I~34.8, K~34.1. The surface brightness at the half-light radius re =
28.5arcsec is I(Re) = 15.5 mag/arcsec2 in K (16.5 in J).
The major axis of this galaxy is 4.5 arcmin; minor axis 4.5arcmin (in R).
There are 2MASS images (in J,H,K), you can also find them via NED.
There are HST images (ACS + NICMOS, apparently quite deep).



Observing Specifications



Targets



a “typical” elliptical galaxy, which stopped forming stars 5Gyr ago.

Thus a representative stellar population to begin the modelling. It is just a list of
stars with no fancy assumptions - no incompleteness - no noise etc. this should
ideally come from the conversion into an image. It is assuming a V band surface
brightness= 24 mag/arcsec2


