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We present detailed radiative transfer spectral synthmedels
for the Iron Low lonization Broad Absorption Line (FeLoBAL)

active galactic nuclei (AGN) FIRST J121442.3+280329 ar@ 1S FIRST J121442 .3+280329 UV 1SO JO005645.1-2/3816 UV

J005645.1-273816. Detailed NLTE spectral synthesis with a
spherically symmetric outflow reproduces the observedtspec

very well across a large wavelength range. While exact sgdler 08k i 08k
symmetry is probably not required, our model fits are connugpll 0 I 0 '
and thus very large covering fractions are strongly implgd S 06k i S 06k
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Understanding absorption and emission lines in quasarsis f A (A) A (A)

damental for understanding the quasar central engine, lhasve

how the quasar and galaxy are connected. FIRST J121442.3+280329 Opt Combined Spectra

It Is very difficult to constrain the Kinetic Luminosity of éh
winds. While the presence of the blue-shifted absorptinadli

unequivocally indicates the presence of high-velocityftawing 02 0.8l _'
gas, the other fundamentally important properties of the ma ‘0 0.4F = ) l '
cluding the density, column density, and covering fracima £ : £ 0.6k _'
very difficult to constrain. > 0.3 > - -
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growth) and modeling (e.g., photoionization modeling to-pr < < 1 \
duce absorption line ratios and equivalent widths) aretéci R <02l (i |
An approach that may be profitable is to construct a physical B 1] i |
model for the outflow, and constrain the parameters of theainod 0.0k : 0.0 . . .
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We use a model in which the emission and absorption are pro- A (A) A (A)

duced in the same out-flowing gas. The first foray into costru The PHOENI X Model Compared with the Observed Spectra

iIng physical models for quasar winds was performed by Branch

et al. (2002). In that paper, they modeled Iron Low-lon@ati  All figures above show thPHOENI X model spectrum in black compared with the observed datalar.cBecause of the similarity
Broad Absorption Line (FeLoBAL) spectra FeLoBALs are dis- of the spectra of FIRST J121442.3+280329 and ISO JO0564/3816, we combine the observed spectra while keeping tloe co

tinguished by the presence of absorption in low-ionizalioes scheme displayed in the first three figures for the Combinexttsp figure. The spectra are deredshifted into their rastd and
such as Al lll and Mg Il as well as absorption by excited states dereddened..

f d . . deled us- . . .
g SYNOW & parameterized. sphericaly cymmotio resonant.  The PHOENI X Model Best-Fit Parameters and Physical Constraints

scattering, synthetic spectrum code. The model atmospheres are characterized by the followingnpeters : (i) the reference radifi, which is the radius where the
We test these ideas by using the generalized stellar atraosph  continuum optical depth in extinctionr ;) at 500® is unity; (ii) the model temperatur&,,..;, which is defined by means of the
codePHOENI X to model the spectra of the two FeLoBALs that  Juminosity, L and the reference radiugy, [T},,,q. = (L/(47R20))1/1], whereo is Stefan’s constant; (iii) the density structure param-

were successiully modeled usiSYNOWV and including spectra  etery,, [p(v) oc e~¥/%)]; (iv) the expansion velocity, at the reference radius; The best-fit parameters for FIRST4%2.3+280329
that extend to rest-frame optical wavelengths for the FeloB  5nq SO J005645.1-273816 af€;, 1., = 4600 K, Ry = 1.4 x 1017 cm, v = 300 km s~ !, andvy = 2100 km s~ L.

QSdO t';'RrgJN‘gfﬁlﬁizﬁrzggotsgBHcftw X 'T’ 4 mtch\ d'.ﬁ erte n; The synthetic model hasi7M and kinetic energyp0 x 10°! ergs above the “photosphere’,(; = 1). With Ry = 1.4 x 1017 cm
fo © ath tn 4 'f cotn fisuns_ aiie r?tevalm P tﬁ/ SI?LZI 00 and maximum velocity,q, = 2360 km s~ lwe estimate a crossing time bf- Ry/vmax = 15.5 yr. We estimate the mass loss rate
ermine the spectrum of out-flowing gas. It solves the fuliar using M ~ M/t = 35 Mg yr—! which is1/5 the mass loss rate in o®HOENI X model of M = 159 Mg yr—!. The kinetic energy

EVItShtIIC': NLTE ;adlatl_ve trgnsfer.proﬁlem |r\1/§Iu1EI|r;gttheed:|{|T ;)(f luminosity is estimated &, ~ E;./t = 4.3 x 10* erg s~ which is two orders of magnitude lower than the bolometrinilosity of
oth lines and continua in moving flows. We find thadCE the modelL;,; = 6.3 x 10% erg s™!, thus the flow could be luminosity driven.

IS able to model the spectra from these objects surprisingly _ _ s g _ _ o4 o
and we are able to derive several important physical paemsiet OurPHCENI Xmodels have a maximum column densityof 10-° cm™ “ for the entire atmosphere and a column density/ ®f10<* cm
for the region above the “photosphere},; = 1.

from the model.
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The figure above shows the importance of NLTE effeci
In correctly modeling spectra. The solid line has all t
species that we included in these calculations in NLTH,
whereas the dashed line has everything in NLTE excdit
for Ca I-lll. Notice how NLTE is REQUIRED to match
the observed spectrum.

Distances

As our models predict the absolute flux we can measuUfle
distances to these objects. We use the SEAM method (Bjgron
et al. 1995 and others). Usingp = 17.06 for FIRST
J121442.3+280329 we find = 42.56 or d; = 3.25 Gpc,
which compares favorably with the luminosity distance |
ferred for our adopted cosmologi{ = 70, 2 = 0.3,
Qp=0.7) di = 4.2 Gpc. Usingmp = 22.74 for 1SO
J005645.1-273816 we find = 46.59 or d; = 20.8 Gpc,
which is a bit high compared with the luminosity distanc
Inferred for our adopted cosmology = 13.4 Gpc.

Conclusions

With detailed synthetic modeling usif®fHOENI X we cal-
culate synthetic models which are very good fits to oI
subtype of FeLoBAL. We are able to determine a lum
nosity distance estimate which is direct and is accurateflo
around 50%. Could these objects be used as distance igi-
cators at high z,even if only as a sanity check on the ree
high-z Hubble diagram from GRBs? While our model
are limited to exact spherical symmetry, they provide e
cellent fits. In order to reconcile our results with the pola
Ization data on these objects we would require a jet, whi
would only modestly affect the flux spectrum. Our resul
lend support to the inference that FeLoBALSs are an evol-
tionary stage of the QSO as opposed to a pure orientatfn
effect. Our model with a smaller covering factor may b
able to explain other BAL QSO such as overlapping troug
QSO’s. A constant outflow cannot be disregarded. In ad@-
tion our model column densities, which are compton thic
match those that are expected from X-ray observations
these objects.
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