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PHYSICAL PROPERTIES OF ABSORBERS IN HIGH REDSHIFT QUASARS

L. E. Simon,! F. W. Hamann,! and M. Pettini?

Recent studies based on quasar emission lines
suggest that quasar environments are typicaly
metal rich, with metallicities near or above
the solar value at even the highest observed
redshifts. Due to the large uncertainties in-
herent in emission line abundance analysis,
we employ another technique, absorption line
analysis, to corroborate the evidence gleaned
so far in order to better constrain the de-
tected metallicities. We are also interested in
the physical nature of these absorbers, their
relationship to quasar outflows, and their role
in quasar-host galaxy evolution.

We present results on the basic physical proper-
ties of the absorbing material in the quasar vicin-
ity, including location, ionization and density, which
are fundamental for interpreting the derived abun-
dances. The data suggest that most absorbers that
are near the quasar source in redshift are also physi-
cally near. The structure of these absorbers appears
to be clumpy, with dense, low ionization cores and
diffuse high ionization envelopes. The data also sug-
gest from this first analysis that the absorbers can
be quite far from the source. Locations based on de-
termined densities and plausible ionization pareme-
ters range from 60 to 825 kpc away from the quasar
source. These distances are too large for the lines to
be intrinsic (part of the quasar), requiring an alter-
nate explaination.

An analysis of the Covering Fraction, a measure-
ment of the percentage of the source covered by the
absorber, supports a high proportion of intrinsic sys-
tems close to the quasar emission redshift with 80%
of all systems measured exhibiting partial coverage.
Of the six quasars studied, at least five contain at
least one intrinsic system based on the partial cover-
age analysis. The covering fraction appears to vary
with velocity and with different elements, suggest-
ing non-uniform cloud shapes, densities and compo-
sition.

We also search for intrinsic lines using variability
studies. We compare these data to previous low reso-
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lution observations using equivalent width measure-
ments, and find that 62% of all lines with multiple
epochs of data show significant variability. The vari-
ations are on timescales of years which is consistent
with variability measured in quasar source emission.
The results from the variability study are consistent
with the partial coverage analysis.

Further analysis includes gas kinematics and den-
sities. The low ionization species have narrower pro-
files on average (10-50 km s~!) while the high ioniza-
tion species have on average broader profiles (50-150
km s~1), and both are found in single systems, fur-
ther supporting the clumpy cloud model. Electron
densities of the gas, derived from low ionization ex-
cited state absorption lines, range from < 1 cm ™3 to
37 cm 3.

With a better understanding of this absorbing
gas, we can constrain the global workings of quasars,
in particular how they drive and interact with the
outflows. Future work will include deriving these
abundances for the outflows, which will be used to
constrain the age of this early star formation.
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