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Table 1

Frequency bands allocatec to radio astronomy in the range
10 MHz to 25 GHz and indicated problems.
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THE LUMINOSITY-LINEWIDTH RELATION AT z = 0.2,
or HOW TO MEASURE ¢,

Michael J. Pierce

Dominion Astrophysical Observatory,

Herzberg Institute of Astrophysics, National Research Council of Canada

In this paper I would like to make a strong case for using the Radio Schmidt Telescope to
apply the Tully-Fisher Relation (Tully and Fisher 1977) at cosmologically interesting distances
(z = 0.2).

The Luminosity-Line-width or Tully-Fisher Relation is probably one of the best distance
indicators currently in use over intermediate distances. The intrinsic dispersion appears to be
only about 0.25 mag, or 12% in distance for individual galaxies. Over the past several years
Tully and I have been examining the relation for systematic effects and we are confident in this
claim. The error in estimated distances appears to be dominated by errors in line-width and
inclination corrections. For example, Bothun and Mould (1987) estimate that line-width errors

alone correspond to about 0.18 mag.

Figure 1 shows some data we have been accumulating on the Virgo and Ursa Major clusters
(Pierce and Tully 1988). The measured dispersion of the Ursa Major data is 0.3 magnitudes,
with 0.45 mag for the Virgo data. The apparent angular size of Ursa Major implies that the
intrinsic dispersion of the relations is probably about 0.25 mag. The greater dispersion for
the Virgo data is interpreted as being due to background contamination from infalling galaxies
beyond the cluster.

Figure 2 shows the current situation with the Virgo Cluster. The bright galaxies are
found at distances of about 15.5 Mpc. This is also the distance range with the largest velocity
dispersion and hence is almost certainly the core of the cluster. There is contamination from a
group about 7 Mpc beyond the cluster and this is responsible for much of the current controversy,
for example, between Sandage and Tammann, and Tully and myself, regarding the distance of
Virgo. Superimposed on Figure 2 are distance estimates I have recently obtained for the brightest
elliptical galaxies using the Faber-Jackson (1976) relations (Pierce 1989). It can be seen that
these independent techniques are giving consistent results and we conclude that we now really

understand the distance scale.
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Figure 1 Luminosity-line width relations for the Virgo and Ursa Major clusters
on an absolute scale. Open circles in the Virgo Cluster data are the galaxies with
distances more than 20 from the mean which are excluded from the fit. The open
stars indicate local calibrators. (After Pierce and Tully 1988).
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Figure 2 Velocity-distance diagram for the Virgo Cluster. Pluses and crosses in-
dicate distances found by the luminosity-line width method. Filled circles indicate
distances found using the method of Faber and Jackson (1977). Stars indicate dis-
tances found by the planetary nebula method. The two solid curves indicate a
Virgocentric infall model; galaxies accidentally projected onto the cluster should lie
along these curves.
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We have also obtained similar data for several hundred field galaxies and our conclusion
regarding the accuracy of the luminosity-line-width relations continues to hold up. Incidentally,

the conclusion from our work on the Virgo and Ursa Major clusters is that H, = 85 & 10.

The Tully-Fisher relation may be the premier distance indicator for use in the study of
cosmological questions. Why? Because in contrast to the more classical approaches it can
be applied over more modest distances. Rather than working at redshifts of 0.5 - 1.0, where
cosmological effects become large enough to detect with less accurate techniques, I suggest
that more accurate techniques should be applied to much closer systems, where we have the
opportunity to see what we’re looking at! That is, we can now take high resolution images
with FWHM = 0.3 arcsec and know, even at z ~ 0.2, that we are observing the boring spiral
galaxies that are ideal for this approach. In addition, we have the chance to make reasonably
accurate evolutionary corrections given that we will have some morphological information on
the individual systems.

Consider the Hubble diagram using the Tully-Fisher relations. For z less than about 0.3

the deviation in absolute magnitude can be expressed as:

Am(z) = 1.086(1 — ¢,)z + ...

At z = 0.2, the difference between q, = 0 and q, = 0.5 is 0.11 mag. With a technique
giving absolute magnitude estimates to 0.25 mag, a sample of four galaxies will produce a 1 ¢
result. A sample of 100 galaxies will yield q, to an accuracy of 0.1, and a sample of 500 galaxies
will give q, to an accuracy of 0.05.

There is one additional point that should be emphasized. The Tully-Fisher relation has an
additional advantage in that distance-independent checks of evolutionary effects are built right
in! These are the relations between color and line-width and surface brightness and line-width.
The former has a dispersion of less than 0.2 mag and is very sensitive to changes in the mix
of stellar populations and hence evolutionary effects associated with the look-back times we are
considering here. Such effects can be estimated using this relation and a corresponding but
modest correction can then be applied in the near infrared where the sensitivity to evolution
is small. Similar arguments can be made for the utility of the surface brightness-line-width
relation.

The next point to consider is whether the Radio Schmidt is suitable for this project and

what kind of detection limits we need. The luminous spiral galaxies at z = 0.2 will have HI
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diameters of about 20 arsec, so they will be essentially unresolved and almost matched to the
resolution of the Radio Schmidt Telescope. Consider the top end of the HI luminosity function in
Virgo. A typical III flux for the brighter systems is 30 Janskys km s~1. A redshift of 0.2 is about

45 times the Virgo distance (depending slightly on g, of course) and if we assume a typical line-

width of 400 km s, then we get a flux estimate of 0.38 milliJanskys in a 10 km s™! channel.

The sensitivity of the telescope will be about 0.8 mJy per hour in a 10 km s~! channel, using

both polarizations, so for a S/N = 10 we would need about 25 hours of integration.

The great advantage of the Radio Schmidt Telescope for this experiment is that the field
of view is so large. At z = 0.2 the 1.5° field will encompass an entire supercluster and give good
S/N for about 500 galaxies! In addition, such an integration would give useful velocities for a
couple of thousand galaxies! This would be ideal for the study of large scale structure. With a
10 km s~! channel width we will get a 20,000 km s~! range in velocity. Given that the velocity
dispersion of a typical cluster is only ~1000 km s~! we can also get velocities and line-widths
for field galaxies and look for any effects of differential evolution. In two integrations we could
cover redshifts of 0.05 to 0.2 and get lots of galaxies!

Finally, I must emphasize that this work goes hand in hand with optical imaging. High
resolution CCD photometry of the detected galaxies will be essential to get accurate magnitudes,
inclinations, colors and mean surface brighnesses. The data will also give us confidence that we
are looking at normal (i.e. boring) galaxies, and not peculiar, interacting, or star-burst systems.
With the CFHT and the High Resolution Camera (HRCam) we can now get images with FWHM
~ 0.4 arcsec. With integrations of 1000 sec, one can obtain about 20 resolution elements across

a typical galaxy and get accurate photometry and inclination estimates.

In conclusion, the luminosity-line-width (Tully-Fisher) relations probably offer the best
hope for measuring q,. The near-infrared relations in particular have a very small intrinsic
dispersion, making them applicable at modest redshifts where we have some hope of knowing
that we are using “normal” systems. In addition, the necessary data can also be used to con-
struct distance-independent relations which can be used to examine any evolutionary effects.
Furthermore, the Radio Schmidt Telescope appears to be an ideal instrument for obtaining the
line-width data. The necessary optical data can be obtained using currently available instru-

mentation. The application of the Tully-Fisher Relations at z & 0.2 may be an attractive “key

project” for the Radio Schmidt Telescope.
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