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Abstract

We investigate the use of a well-known empirical corre-
lation between the velocity dispersion ( ), metallicity (O/H),
and luminosity in H of nearby HIl galaxies to measure the
distances to Hll-like galaxies at high redshifts. This method
was rst suggestedby Melnick, Terlevich, and Terlevich (2000),
who showed that the resulting distance measurements may
place an independent constraint on the cosmological param-
eter . We apply their method to a sample of 16 Hll-type
galaxies with redshifts between z=2.15and z=3.38,using data
available from the literatur e. A detailed analysis of systematic
errors, their causes,and their effects on the values derived for
the distancesand , was carried out. With the available data,

we obtain a best-t value of , = 0:37°%%¢ in a -dominated

universe and of ,, = 0:32"%5% in an open universe. We
discuss how futur e work will dramatically impr ove the con-

straints on , by reducing both systematic and random errors.

The Distance Indicator

Melnick, Terlevich, and Moles (MTM) [1] proposed the follow-
Ing empirical correlation for HIl galaxies:

5

logL(H ) = logM, + const M, '0=H] (1)

We apply this correlation to HIl galaxiesat high redshift (z 2)
to obtain their distance moduli, following Melnick, Terlevich,
and Terlevich (MTT) [2]. From the data set of distance moduli
and redshifts, we extract the cosmological parameter .

Application to High-z

Following MTT, we have derived an equation for the dis-
tance modulus asa function of velocity dispersion ( ), ux in
H (F(H )), metallicity (O=H), extinction in H (Ay ), and
equivalent width in H (EW). Our equation is:

5

F(H )

DM = 2:5log( ) 2:5logO=H Ap 26:17 (2)

with Ho=70km s * Mpc 1. From our measurements (from [3]
and [4]), we check the validity of our empirical correlation for
our new sample, obtaining the gur e below.
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Thereis anoticeable discontinuity in the data points atM, = 2,
thus we cut all data for which M, > 2. This corresponds to
cutting datafor which > 125km s *. Wealso cut out galaxies
with EW < 25A to reduceevolutionary effects. Similar cutoffs
were applied by MTM. Our applicable high-z data setis shown
In the data table.

Results

For our data points, we plot the distance moduli against red-
shift on a graph with different cosmological models corre-
sponding to dif ferent values of . (Note the slight sensitivity
of DM to an + g universevs.an + , universe.)

By averaging the values of DM and z, and taking 1- er-
ror bars from the distribution of points alone, we obtain a
best t of z=2.77 0.12,DM=46.68 0.34. This corresponds to

m=0.37"%%% for a -dominated universe and to ,=0.32"%5%
for an open universe. Combined with SNla and CMB data [5],
we canseeall threeconstraintsonthe ,,+  parameter space

(below).

Constraints on

The blue region above illustrates our 1- constraints on
from HII galaxies.

Data Table

2Vacuum heliocentric redshift of nebular emission lines
b\/elocity dispersion in km s 1!

°Line Flux in units of 10 '’ ergss ' cm ?

d0xygen abundance

Extinction in H in magnitudes

" Restframe line equivalent width in A

dDistance modulus in magnitudes

Sources of error

Our sources of error fall into the following three categories:
random errors, systematic errors inherent to our method, and
systematic errors speci ¢ to our data set.

Random Errors: Theseinclude errors from the distribu-
tion of points and from measurementsof ,Ax ,F(H ),
and O/H. For our 16 galaxies, all sources of random
errors combined lead to an uncertainty in the distance
modulus of 0.38[6]. Theseare the errors that will di-
minish as more galaxies are sampled. As data impr oves,
this number will decreaseasN =2, where N is the num-
ber of HIl galaxies.

Inherent Systematic Errors: Theseerrors are inherent to
our method, and will bias the distance modulus to either
higher or lower values. The assumedrelation of M, may
not be exact, and intr oducing the 1- errors from MTM,
we derive a systematic uncertainty in DM of 0:30. Our
assumption of universality of HIl galaxies, if incorrect,
could bias the DM In any dir ection by any amount. We
cuton andon EW to minimize theseeffectsand restrict
our rangeto galaxieswe believe follow this empirical cor-
relation. Finally, the values of Ay were derived assum-
Ing the extinction law for the Milky Way to be valid for
HIl galaxies. This may not be the case. If the extinction
law for the LMC is used, the DM is systematically raised
by 0.28 mag. If the true extinction law for HIl galax-
les can be adequately parametrized to 10%, systemat-
Ics due to extinction corrections may be reduced to a net
uncertainty in DM of only 0:09 mag.

Sample-Speci ¢ Systematic Errors: Theseare errors spe-
ci ¢ to our data sample, which can be 100% eliminated
In the futur e by impr oved measurements. Our two data
sets, [3] and [4], have consistent color measurements at
only the 2- level, inducing an uncertainty in DM of
0:18. The unavailability of EW for all data makes our
estimatesfor that cut unreliable, and induces a systematic
of 0:08 magnitudes. H to H conversions are known
[7] and induce no uncertainty. We do not have accurate
measures of the metal abundance O/H becausethe val-
ues were derived from the metallicity indicator Rp3 for
only 5 galaxiesin our 16 galaxy sample. Assuming the
upper branch in the Ry3 vs. O/H calibration [8], and con-
sidering the average O/H value for the 5 objectsto be
representative of the HIll galaxy population at high red-
shift, we estimate a systematicin DM of 0:32mag.

Conclusions

Preliminary results show this to be aviable, new method
of measuring .

Current technology is capable of surveying hundr eds of
HIl galaxiesatz 2, while obtaining measurements to
reduce systematics. This provides a promising avenue
for determining n, In the immediate futur e.

A sample of 600HII-like galaxiesat2 < z < 4 with accu-
rate measurementsfor ,F(H ),E(B V) color,O=H, z,
and EW will allow for a precisemeasurementof , with
uncertainties of 0:04 due to systematicsand 0:03 due
to random errors.
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