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Abstract. Observations are presented showing the doubletintroduction

C1v A\1548, 1551 absorption lines superimposed on the CVery high redshift ¢ > 2) radio galaxies (hereafter HZRG)

emission in the radio galaxy 0943-242. Within the errors, th

redshift of the absorption system that has a column densitys w emission lines of varying degree of excitation. In virtually

Nery = 1045%0-1 em=2 coincides with that of the deep by

absorption trough observed by®Rgering et al. (1995). The gas ; X ;
seen in absorption has a resolved spatial extent of at least 13'I2| él)‘164o and, at times, NA1240 (Rottgering et al. 1997

(the size of the extended emission line region). We first modd references therein). An important characteristic of the emi-

the absorption and emission gas as co-spatial components gl 9as 1S its spatial scale. The sizes ofthe Bynission region

- o . - range froml5 to 120 kpc (van Qjik et al. 1997).
the same metallicity and degree of excitation. Using the infor Most ground work on HZRG is performed at rather low

mation provided by the emission and absorption line ratios of

C1v and Lyn, we find that the observed quantities are incompzarf?so'u“on ¢ 20A) to maximize the probability of line detection

ible with photoionization or collisional ionization of cloudletsand the S/N. However a very potent discovery was made by

with uniform properties. We therefore reject the possibility th?/}f;’m Ojiketal. (1997, hereafter vO97) at much higher resolution,

the absorption and emission phases are co-spatial and favou tﬁé of extended klabsorptiongas. In effect, out of 18 HZRG

explanation that the absorption gas has low metallicity and is f&%‘;‘?}ﬁﬁenis%m? g??ﬁgagg{e@gh :jejglu;gg;?ﬂti'g;?éu hs
cated further away from the host galaxy (than the emission Iing . B 0 e ob) . P P g
Pt_)enmposed on the byemission profiles. Furthermore, out of

’ . S
gas). The larger size considered for the outer halo makes pla S . . .
ble the proposed metallicity drop relative to the inner emissighe 10 radio galaxies smaller than 50 kpc, strongalisorption

gas. In absence of confining pressure comparable to that of'%éound in 9 of them. The absorption gas appears to have a

emission gas, the outer halo of 0943-242 is considered to h peenng factor near unity over very large scales, namely as

a very low density allowing the metagalactic ionizing radiatiof oc. &> the underlying emission gas.
y y g g g The current paper addresses the problem of the ionization

to keep it higly ionized. In other radio galaxies where the jet ha§ te of both the absorotion and the emission gas as well as
pressurized the outer halo, the same gas would be seen in et Ie_interconnection bet\?veen the two. The maing'ustifications
sion (since the emissivity scalesa$) and not in absorption chind this work are the following: HZRG are Jrobabl the
as a result of the lower filling factor of the denser condens%— . ) g: P y the
: . . . . ~progenitors of the massive central cluster galaxies (Pentericci
tions. This would explain the anticorrelation found by van OJIE . .

. . S gt al. 1999) and as such are an important means by which we
etal. (1997) between Lyemission sizes (or radio jet sizes) an can study large ellipticals and their environment at such high
the observation (or not) of Hin absorption. The estimated IOWredshift ;ltimg not spo long after, or even during their formatio%
metallicity for the absorption gas in 0943-242 ¢ 0.017c) Further§nore the extendgd as: as detectedli\% (@ee below) .
and its proposed location —outer halo outside the radio cocoan— ' 9

suggest that its existence preceeds the observed AGN phasé%tﬁaemica”y enricheq and t_herefore TePrese”‘S_ debris of pgst
. . L . _Intense stellar formation periods and is interesting to study in
is a vestige of the initial starburst at the onset of formation ﬁ1eir own right. What is the fate of such gas? How quickly has
the parent galaxy. the enrichment of this large scale gas proceeded? Will this gas
Key words: galaxies: individual: 0943—-242 — cosmology: earl € hgated up into a h(.)t wind'ar.1d enrich the intergalactic Xjray
Universe — galaxies: active — galaxies: formation — galaxi as in cluster of gala_X|es? willit on the contrary condense Into
ISM sheets or condensat!ons? A b_ett(_er ur_lderstand_mg o_f the various
gaseous phases which co-exist in high redshift objects would

help anwering these questions.

a?l objects, the Ly line is the strongest and is usually accom-
panied by high excitation lines of © AA1549, Citr]A1909,
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at intermediate resolution (JA‘) by RO95 in the region of Ly

lya 1216 ] with the slit positioned along the radio axis. The initial discovery
of extended absorption troughs was based on this latter spectrum
which we reproduce in Figl 1.
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17 ] 2.2. New observations 6f IV and He I1 at intermediate

resolution
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{ With the objective of providing constraints on the abundances
1 and kinematics of the gas in 0943-242, sensitive high-resolution
ILMJ\HHLUWMUMNW . o o 1P spectroscopic observations centered at the &nd Heir lines

2x10717

o
L=

i VT

e were performed at the Anglo Australian Telescope (AAT) on
4800 4820 4840 1995 March 31 and April 1 under photometric conditions and
with a seeing which varied from”1to 2’. The RGO spectro-
‘graph was used with a 1200 grooves mngrating and a Tek-
tronix 1024 thinned CCD, yielding projected pixel sizes of
0.79” x 0.6A. The projected slit width was 1”3resulting in a
resolution as measured from the copper-argon calibration spec-
trum of 1.5 FWHM:; the slit was oriented at a position angle
To determine the physical conditions of the absorption gasf,74°, i.e. along the radio axis (as in RO95).
new observations were carried out at the wavelength of C  The total integration time of 25000s was split inte 2000s
and Her in 0943-242, the first radio galaxy reported to shoand 7<3000s exposures in order to facilitate removal of cosmic
large scale absorption troughsifgering et al. 1995, hereafterrays. Exposure times were chosen to ensure that the background
RO95). The new spectrum shows thevCabsorption doublet was dominated by shot noise from the sky rather than CCD
at the same redsHift, as the Lyv absorption trough (RO95). readout noise. Between observations the telescope was moved,
Clearly and surprisingly the gas in absorption is highly ionizeshifting the object slit by about 3 spatial pixels, so that for each
and probably of comparable excitation to the gas seen in endgposure the spectrum was recorded on a different region of
sion. the detector. The individual spectra were flat-fielded and sky-
This paper is structured as follows. We first present obseubtracted in a standard way using the long-slit package in the
vations which show @v in absorption in 0943-242 (Sekl. 2) NOAO reduction system IRAF. The precise offsets along the
In Sect[3 we derive a ratid ] relating the observed emissiorslit were determined using the position of the peak of the spatial
and absorption quantities which depends somewhat on the iprofile of the Gv and Het1 lines. Using these offsets, theimages
ization fraction of H but not explicitely on the C/H metallicitywere registered using linear interpolation and summed to obtain
ratio. At first, we postulate that the emission and absorption ghg two-dimensional spectrum. The resultant seeing in the final
components are co-spatial and share the same excitation méwb-dimensional spectrum, measured from two stars on the slit,
anism and physical conditions and proceed to madeith a was 1.3 FWHM. The corresponding FWHM of & emission
one-zone equilibrium photoionization model. We improve oalong the slit was 2!2 giving a deconvolved (Gaussian) width
the model using a stratified photoionized slab. As the observwsfd..6” or 12 kpc. Within the errors, this is the same as that found
ratio cannot be reproduced even in the case of collisional idor Ly emission by RO95.
ization, we discuss in SeEt. 4.1 two alternative interpretations The two-dimensional spectrum was weighted summed over
of this significant discrepancy. We demonstrate the many a7 pixel (8') aperture to obtain a one-dimensional spectrum.
vantages of the winning scenario in which the absorption gagrisFig.[2 we show the AAT data in the form of a full-resolution
further out and of much lower density, pressure and metallicgpectrum.
than the emission gas.

n n P I P PR
4700 4720 4740 4760 4780
Wavelength (Angstrom)

Fig. 1. An expanded plot of the Ly spectral region obtained by RO95
The Hir emission gas redshift is,. = 2.9233 4+ 0.0003 and the main
absorber of columiVg; = 10*%-°%%2 cm =2 lies atz, = 2.9200 +
0.0002.

2.3. Profile fitting of the emission and absorptiornly
2. Observations of Civ (and Ly «) andC IV lines

in absorption in 0943-242 One deep trough is observed in theaLgmission line (Fid.]1)
2.1. Earlier observations of 0943—242 at= 2.92 which was interpreted as a large scaledtbsorber by RO95. In

) ) addition there are a number of weaker troughs, presumably due
The low resolution spectrum of 0943-242 shown in RO95 a weak Hi absorption. Fitting the emission line by a Gaussian

discussedalsoinvan jSketal. (;996)displaysthe characteris&{wd the H absorption by Voigt profiles, RO95 infer a column
emission lines of a distant radio galaxy: strongnl yweaker densityN;; of 1019-0£0-2 ¢ =2 for the deep trough, a redshift
C1v, Heir and possibly Gr1]. This object was also observedz — 2.9200 + 0.0002 and a Doppler parametér,of 55 +

—1 - .
L We will distinguish between absorption and emission redshifts us-< 3 13.8F0r th1e4 tlhreeihallow troughs, they find; ; ranging
ing subscripts, as in, andz., respectively. from10*°-°t010*** cm™* andbranging from 7to 10(km s~ -.
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S Table 1. Parameters for the Gaussian and Voigt profile fits
= 20“0—17; CIV 1549 Hell 1640 E Emission Civ Heul
;; g Offset 10~ " ergcn 2 s71) 0.29+ 0.01 0.32+ 0.07
b Peak (07" ergcm 2 s71) 1.90+ 0.1 1.75+ 0.2
o 1oxio7f Position of peakA) 6078.2+£0.5 6434.5:05
‘i); E Ze 2.9247+ 0.0003 2.925+ 0.001
FWHM (kms™') 1430+ 50 10254 45
2 oft Absorption Civ
g Za 2.9202+.0002
: 1 b(kms™?) 45+ 15
C10x10 VT [ [ [ [ ] NCIV (Cm —2) 1014.5j:0.1
6000 6100 6200 6300 6400 6500 L. . o
Wavelength (Angstrom) Position of1°* trough @) 6068.2
g nd A
Fig.2. The full-resolution AAT spectrum showing the Position of2™ trough &) 6078.3
Ci1v A\1548, 1551 and He A\1640 lines.

USRS S - ———— the fitting procedure, the wavelength separation and the ratio of
F the two profiles’ depths are fixed by atomic physics while the
two values fom are set to be equal. The fit gives for the location
of the bottoms of the two troughs= 6068.2 and 6078/8re-
sulting in a redshift of 2.9202 0.0002. Within the errors this
redshift is equivalent to that of the mainildbsorber and in the
subsequent analysis we will assume that the Bypd Crv ab-
sorptiongas belongs to the same absorber. We derive a Doppler
parameteb for the doublet of45 + 15kms~! and a column
density Ny of 10145+0-1 ¢m—2 as summarized in Tabl@é 1.

As expected, Ha appears only in emission without any ab-
" | | 1 sorption since it is not a resonance line. Parameters for the He
6000 6050 6100 6150 emission profile were obtained by fitting a Gaussian using the

oveenaih (ngstrem) same iterative scheme (see Fig. 1 idtl@ering & Miley 1997).

Fig. 3. An expanded plot of the full-resolution spectrum with the fiThe peak is positioned at = 2.925+0.001 and has a FWHM
superimposed (solid line). of 22 + 2A. The fitted parameters of the emission and absorp-
tion profiles are presented in Table 1. We recall that the FWHM

ok o - .
The redshift difference of the absorbers relative to systenflki '€ Ly emission profile 9575 £ 75 kms - (vO97), Sig-

velocity when converted into inflow/outflow velocities indicatd" icantly larger than that of He (see Tabl¢ll). Inspection of

values not exceeding 806n s~ 1. Because at the bottom of thethe various profiles in Figl1 and Fid. 2 (qr Fip. 3) SqueSt.s the
sence of an excess flux on the blue wings of all the emission

main trough no emission is observed, the covering factor Bes L : AR
files. Combining information from all the emission lines, our

the absorbing gas must be equal or larger than unity over i . o
complete area subtended by thenLgmission, indicating that est estimate of the emission gas redshiftis- 2.924+0.002.

the spatial scale of the absorber exceeds 13 kpc. This work will
concern only the deep absorption trough. 2.4. Velocity shear and subcomponents

To parameterize the & profile we have assumed that the_ . . . . .
. LT . . . . 0 investigate whether there is any velocity shear in the C
underlying emission line is Gaussian, with Voigt profiles dueto” . . . . . . . .
X . . emission profile we fitted spatial Gaussian profiles to the emis-

the Crv doublet absorption superimposed. We used an iterative

scheme that minimizes the sum of the squares of the differeRite line as a function of wavelength. In Fig. 4 we show the

between the model and the observed spectrum, thereby Sol\y.vr?velength maxima of these s_paﬂal p_roﬂles and a_Ilng fitted
- through these points. The spatial profile of thev@mission

for the parameters of the model (e.g. Webb 1987, vO97). Initial o . .
sp?ctrum is displaced by 0. 2corresponding to a displacement

;/:éurees('j;vheifrte O?Tﬁgrzsgofg;:]e shape of the Gaussian profile S‘P .5 kpc, over a wavelength range of&R095 measured a
In Fig.3 we show a ortion of the spectrum with the mod clomparable shift for Ly of 1.8 kp@ although it appears that the

fits supegrimposed TheF()saussian fittedpto the €mission line ?atter displacement is due to a far more pronounced and abrupt
. difference in locations of the Ly peak on both sides of the

peaks at, = 2.9247 4+ 0.0003 and has a FWHM o029 + 2A. ) ) .
We have corrected all wavelengths to the vacuum heIiocent;?‘lt():SorIOtIon trough. As Figll 4 shows, the peaks o @mission

system _(:"'1.-13_A) before computing the redshifts. The two 2 This new value 0f0.33 & 0.06 pixels x 0.74 arcsec/pixel =
troughs in this figure correspond to thexCA\A1548, 1551 dou- (.2442 arcsec x 7.36 kpc/arcsec = 1.80 & 0.33kpc is to be pre-
blet produced by the same absorption system. Therefore, witfdned to that quoted by RO95 of 2.5 kpc.

2.0x107 7|

1.0x107 17 F

Flux Density (erg s™' cm™ A™")
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3.1. Relation between the ionized absorption
and emission components

The Crv and Ly lines are both resonant lines and therefore
prone to be seen in absorption against a strong underlying
source. This property has consequences for the emission gas as
well. In effect, for a geometry consisting of many condensations
for which the cumulative covering factor approaches unity, the
resonant line photons must scatter many times in between the
condensations before they can escape. In this case, the emerg-
ing flux of any resonant line from a non uniform distribution
of gas will not in general be an isotropic quantity but will de-
pend on geometrical factors and on the relative orientation of
Y the observer, a point which we now develop further.
6060 6070 6080 6090 . e .
Wovelength (Angstrom) We propose that some kind of asymmetry within the emis-

Fig. 4. The relative location of the peak of tha€emission at constant sion gas distribution can explain how a fraction of the ionized

wavelength as a function of wavelength. The line is a weighted fit 95"‘5 c_an.be seen in absorption agalnstlother nea_rby components
these peaks. The zero offset is arbitrary. In emission. Let us suppose thatthe emission region is composed

of low filling factor ionized gas condensations which are denser
(therefore brighter) towards the nuclear ionizing source. In this
picture, the Lyv or C1v photons are generated within and es-
cape from such condensations, after which they start scattering

q the surface of neighboring condensations until final escape
QM the galaxy (we assume that the cumulative covering factor
IS unity). Let us now suppose an asymnﬁirythe global dis-

A concern about the determination ¥ is the possibil- tribution of the outer condensations respective to the plane of

ity that that there exist subcomponents in the absorption systetﬁ'%_Sky' In this case, the total _number of scz_itte_rmgs on ne|gh-
that have high column densities but Iéwalues and are, there—bor'ng condensqnons before final escape will differ depe”d'!‘g

fore, not acounted for whenever individual velocity subcomp8—n (tjhe pek:spggtwe.og the absorbe;. Slnge for an observer ?'tﬁ'
nents are not resolved. Although we cannot strictly exclude tfied on the side with an excess of condensations many of the

possibility, we adopt the stand of Jenkins (1986) and Steidgponant photons would have been ‘reflected’ away, we expect

(1990a) who, using extensive absorption line studies, argue tmt the reduced flux would appear as an absorption line at the

this is unlikely to be the case, at least fonC and that a single- same velocity as that of the condensations responsible for re-
Qcting away the resonant photons. The outer condensations

component curve-of-growth analysis can be used to infer toE . " )
columns although the inferresffectiveb value has no physival responsible for the absorption) must necessarily be of lower
nsity in order to be of negligible emissivity respective to the

meaning in terms of temperature. Itis interesting to notethattﬂ% q d therefore brigh 7 herwi
physical conditions inferred from thei€ fit are fully consistent inner (denser and therefore brighter) emission gas, otherwise

with the observed ratio of the doublet (since both troughs &Fbe outer gas WOL_"d out-shine in emissfion! )

equally well fitted). If the underlying continuum was flat, the r:{Vef}should pC_)I?I)’lt out thatdfcf)r a density of tr;]e absorption ggs
Ne v column and thé value we infer would imply a theoret- S Nigh as 108m ™ as argued for in vO97, such a gas cannot be
ical ratio of equivalent widths offo(1548) /Wo(1551) = 1.4, photoionized by the metagalactic background radiation which

which is where the curve of growth just begins to leave tH%OUld be much too feeble to producaC The ionization to

linear part (Steidel 1990a). Clearly thé;; column might be such a degre_e of the absc_)rption_ gas i_s iP itself puzzlin_g. _We
susceptible to a larger error sinced.ys saturated. With these adopt as wo_rklng hypothesis that itis —similarly to the emission
caveats in mind, we will assume in the following analysis th s photoionized by the AGN or by the hard radiation from

the adopted columns do not lie far off from reality. photoionizing shocks.
P y Finally, the fact that both the absorption and emission gas

contain a significant amount of'C argues in favor of acommon
3. A simple model for the ionized gas geometry and excitation mechanism for the gas, the underlying
in emission and absorption hypothesis behind the calculations developed below.

Spatial offset (Arcsec)

form a wavy line. We believe the velocity shear in thev@ro-
file to be less significant than the shear in thexlprofile. We
cannot rule out that the small velocity shear might be maskin
possible break up of the absorption regions into a few satura
absorption components of smalter

Our initial hypothesis is that the absorption gas is a subcom-

ponent of the emission gas, sharing the same excitation mecha-

nism and metallicity. We discuss the physical conditions of such

gas and proceed to calculate an observable quahtipgainst

which to compare the information provided by thedlgnd Ctv. 3 The asymmetry would take place either in space or in velocity
lines in 0943-242. domain or both.
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3.2. The observable quantity we are testing the case which equates the absorption gas with the

iccj abs _ rzemi
The quantities determined from observation of 0943—-242 are t fpission gas, thei¢ . Z_C -+ We denote as' the product
X N : . X of the two calculated ratios:
following: the emission line ratio measured bgtRyering et al.
(1997) is% = 0.194. We adopt the value of 0.17 following . Iciv Nur  zmp

estimation of the missing flux due to the absorption troughs.  Iryo Norv — yuir
As for the absorption gas, thettand Crv column densities ) , .

are10'® cm~2 and10'4> cm—2, respectively, as discussed inWe note thatl” is not directly dependent on either the abun-
Sect®. These four quantities carry information on the thrd@nce of C or on its ionization state. It is, however, dependent
ionization species 4 H and C"3. We define the ratid as the ©ON the temperature and on the ionization state of H through

following product of the emission and absorption ratios: 1€ ratif] yo-. To compute this ratio, it is necessary to postu-
late an excitation mechanism. For this purpose, we have used

r o lov Nar _ oo 1090 5400 (1) the codemappiNGs ic (Binette, Dopita & Tuohy 1985; Fer-
Irya Neorv TU10s ruit et al 1997) to computgﬁ under the assumption of either

. . . llisional ionization or photoionization. Here are the results.
where Ny /Ncry is the ratio of the measured absorpt|or(1:0 sionalionization or photoionizatio ere are the resufts

columns. If, as postulated above, the gas responsible for ap-ppotojonization Putting in the atomic constants and cal-
sorption is simply a subset of the line emitting gas, the rAtio culating the equilibrium temperature afd- in the case
does not explicitly depend on the abundance of carbon as showng¢ photoionization by a power law of index (F, x v%)

f(T). (6)

below. of either —0.5 or —1, we find that the calculatel al-
ways lies within the range 0.8-12. The explored range in
3.3. The simplest case of an homogeneous one-zone slab  ionization paramet@rl/ covered all the values which pro-

) ) ) duce significant Qv in emission (Qv/C > 8%), that is
To computel’, in a first stage let us consider an homogeneous ,-3.5 ;7 ~ 19-1.

slab of thickness. of uniform gas density, temperature and, - cgjjisional ionization.In this sequence of models, we cal-
ionization state to represent both the gas in emission and in ab- ., |ated the ionization equilibrium of a plasma whose tem-
sorption. Ignoring any peculiar scattering effects, the emission perature varied from 30 000 K to 50 000 K. We find tlfiat
line ratio % is given by the ratio of the local emissivities  romains in the similar low range of 6-13. At the lower tem-
jerv/irye since the slab is homogeneous. For the emissivity perature end, Ly emission is enhanced considerably by
of the Civ line, we have collisional excitation, which contributes in reducifig

3. Additional heating sourcego cover the case of photoion-

dmjorv = 8.63107°% hug,, ne o . o
mjerv Vi TeMOTV ization at a higher temperature than the equilibrium value

X Qow exp (—hvory /KT) VT @) (due to additional heating sources such as shocks), we ar-
wi tificially increased the photoionized plasma temperature to
(Osterbrock 1989) wher€ is the temperaturd}¢,,, the colli- 40000K or 50000K for calculations with the same values

sion strength of the combined doublet, the statistical weight of U as above. This did not extend the rangé& afbtained.
of the ground state anblvo; the mean energy of the @

excited level. For the Ly emissivity, we have We conclude that for the simple one-zone cdsepnsis-
. off tently remains below the observed value by more thantwo orders
ATjLya = WVLya nenmir 0, (T) (3)  of magnitude.

whereaglfjf is the effective recombination coefficient rate to S .
level 2p of H (Osterbrock 1989). By putting the temperaturd.-4. The ionization stratified slab
dependence and all the atomic constants in the fungti

D . an, To verify whether a stratified slab geometry might alter the
the emission line ratio becomes:

above discrepancy ifi, we have calculated in a similar fashion
Icrv  Z&npnorv to Bergeron & Stagiska (1986) and Steidel (1990b) the inter-
Iy THYHI F(T) 4 nal ionization and temperature structure of a slab photoionized
by radiation impinging on one-side (i.e. one-dimensional “out-
whereny is the total hydrogen densitg&™ the carbon abun- ward only” radiation transfer) using the codaprinGs 1c. We
dance relative to H of the emission gag;;v the fraction of adopted a power law of index = —1 as energy distribution.
triply ionized C andyy; the ionization fraction of H. Since the column densities of H and C are useful diagnostics on
The ratio of column densitie¥ /N can be written as: their own right, we present in Figl 5 the valueldfor a slab as

Nur NHTHI * For all practical purposes, the high ionization regime under con-
Nerv Z&snpnory ®) sideration implies thagzr = 1.
5 We use the customary definition of the ionization paramétes
wherex 1 is the neutral fraction of H inside our homogeneoug,, /n; as the ratio between the density ofionizing photons (impinging
slab andzgb* the carbon abundance of thbsorptiongas. As on the slab) and the total H density at the face of the slab.
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(L DL I
I a

%0943—242

e T Ny ) sincex; decreases monotonically throughout the slab
]b 1 withincreasing/. The slope or curvature of the two solid lines

reflect changes in the internal temperature stratification of the

slab with increasindg/. Because of the dependencelobn T

(see Ed.), there exists an indirect dependen&easf thetotal

metallicity given that the equilibrium temperature is governed

by collisional excitation of metal lines (when > 0.005).

The striking result from the slab calculations in Eiy. 5 is that
the models with solar metallicity are still two order of mag-
nitudes below the observdd Another way of looking at this
discrepancy is to consider separately lﬁ%& emission ratio

or the Y.L column ratio. Forgetting, just to achieve the ob-

served column olN¢ry (10142 cm™2), one would have to use
a gas metallicity below solar by a factar 50 (see sequence
with Z = 0.02Z), which cannot be done without irremedia-
bly weakening the @v emissiorline to oblivion. Alternatively,
reducingl much below10~2 in the solar case can reproduce
il HDW‘ i Ll lu.| theNcry column but again the 6/ emissionline would be
10 10 _ 10" 1o O.1 001 0.001 totally negligible.
Nciv NHI/NHII Might the observedic> = 0.17 emission line ratio be
anomalous? This is not the case as the observed value in 0943—

Fig. 5aand b. aCalculated and observétas a function of the column 242 is typical of the value observed in others HZRG without, for
densityNcrv . Thefilled circle repre;entsthe observed V§|Uef°r094?rnstance, any evidence of dust attenuation of LYhis ratio is
242.b The same models as a function of the column rafier/Nurr. giso that expected from photoionization models if a sufficiently
In both _pangls, the _solld line repregents a sgquencg ;)f photmomm&h value ofU is used (Villar-Marin et al. 1996).
slabs withl increasing from left to right, starting a0 _*". The gas Another possibility to consider is the presence of other heat-

total metallicity is either solar{ = 1) or 1/50th solar. The separation, . .
between tick marks corresponds to an increment of 0.25déX.in ing sources such as shocks which would increase the tempera-

All slab calculations were truncated at a depth corresponding to §y€ above the equilibrium temperature given by photoioniza-
observedVy; = 10*° cm~2. The slab total column oz ;; can be tion alone. Alternatively, small condensations in rapid expan-
inferred from panel b. [If we were to reduce by 100 the abundance of i®n would resultin strong adiabatic cooling and the temperature
absorption gas while keeping solar the emission g8/ z&™" = would be less than given by cooling from line emission alone.
0.01, see Eq$l4 aid 5), this would be equivalent to translating by 2 dBs explore such cases, we have calculated various isothermal
both up and to the left th& = 1 sequence of panel a.] The dotted lingyhotoionized slabs of different (but uniform) temperatures (all
represents a sequence of slabs of arbitrary uniform temperatures\(gth 7 — 10~2). They cover the range 10 000—40 000 K and are
- — 102 — - o ;
V}"th UI . 107 ﬁ‘”de =1) coverlngf thi Lang[% 1%?00 Kto 40 OOIO Krepresented by the dotted line in Kily. 5. These models are in no
(from left to right) by increments of 0.1 dex ifl. The open triangle o yar 55reement with respectito(Varying U for any of these
represents a slab photoionized by a high velocity shockpfe. = isothermal temperature slabs would result in an horizontal line)
500km s~ from Dopita & Sutherland 1996. P . :
We also computedl for a solar metallicity (precursor) slab sub-
mitted to the ionizing flux of &00 km s~! photoionizing shock
(Dopita & Sutherland 1996). This model which is represented

a function of Neyv (left panel) andVy /Ny 1y (right panel). ,y an gnen triangle in Figl 5 does not fare better than the power
(One can interpreNg /Ny of Panel b as the mean neutra'aw photoionization models.

fraction of the slab{z 1 /ymrr).)
The solid line in Fig b represents a sequence of different slab

models with increasing ionization parameter from left to righf piscussion

covering the rang&0—2-5 < U < 10~ for a gas of either solar

metallicity (Z = 1) or with a significantly reduced metallicity 4.1. Interpretation of the largé
of 1/50th solar. The practical constraint that\Cbe a strong
emission line implies thay > 102, In all calculations, the
thickness of the slab is set by the observable condition t
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What is the significance of the obvious discrepancy between
models and the observE® Clearly, the working hypothesis that
Qﬁé emitting and absorption gas phases are physically the same,
_— ) ; N ! & now ruled out and an alternative explanation must be sought
slab which in all cases |s.“r.narg|nally" ionization-bounded W'“For, based on our result that the two gas phases (absorption vs.
less than 10% of the ionizing photonetabsorbed. emission) are physically distinct. We consider the two following

_ The monotonlc. mcrea_se of th@cw column W'thU. |§ explanations in Secfs.4.1.1 4nd 4l1.2.
in part due to the increasing fraction ofrC but mostly it is

the result of the slab getting thicker (larg&h;;; at constant
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4.1.1. The absorption gas is metal-poor and further out simply be the environmental pressure. A larger pressure, like the
Since the absorption gas in this picture is not spatiall assoolrle adopted by vO97 can cause the warm gas to condense and
ated with the errrl)issioﬂ gas, its n?etallicity is un(F‘,)onstr)élined ﬁgnce reduce hisfilling factor as compared to similar gas compo-

! ) . ‘nents in a low pr re environment. D his pr high
turns out that the value df ~ 5400 is easily reproduced by s in & Jow pressure environment. Due to this process, hig

simply usingZeb* /Z&mi ~ 0.005 in the one-zone case (Se{%essures and consequently high densities lead to detectable

. o o since emissivities scale proportionally #g,, but also to
Eqs[3 andl5). The Tore rigorous stratified slab geometry WOUI overall smaller covering factor (hence no detectable absorp-
favor a value ofZ&>* /Zg™  ~ 0.01 to reproduce the same

I assuming both as phases to have equal excitation Cantion) while low pressures lead to large covering factors (hence
' 9 gas p q j 5 orption) as well as negligible emissivities. Differences in

disentangle the absolute abundance values? We cannot rely on .
g . . . re't;sure in the outer halo would therefore naturally account for
the emission spectra alone to derive a precise and independen

i€ reported dichotomy of detecting:itoughs exclusively in
value fongbs as the emission lines are very model-depende te eported dichotomy of detectingittroughs exclusively

with fluxes from lines like Gv depending critically on the tem- (< 50Kkpc)
perature. It can realistically be argued, however, thatéa’ =

less than half solar coultbtreproduce the observed metal line Since absorption troughs tend to be absent in radio galaxies
: pr . Showing the largest radio scales, we propose that the gas which
ratios. On the other hand,Z£™* much higher than solar can-; : . s :
is seen in absorption must leitsidethe zone of influence of the

not be ruled out in absence of direct knowledge of the ionizingdio jet cocoon, a region with pressure of orde$ K cm—3
Ftk;

ose emission Ly objects devoid of very large scale emission

Com'”““me‘i','j”'b““"”- We consider more plau3|ble_a nearso vb97). An unpressurized outer halo responsible for the absorp-
\éilcte]?l;oorvzecr 130kn E:hgn%r(t)#er]ri::?e:t ;g?ne)l(éegﬂid:m;;%z lr'g fon troughs ought to precede the regime in which the radio ma-
verv distinct frompthat of the nucelar BER (hiddgenghere) whic Qhal has expanded sufficiently outward to pressurize the outer
hasybeen shown to be ultra-solar in higlSOs (Hamann & alo. The eventual increase in environmental pressure would ei-

1 hig her disrupt the gas or compresses it into small clumps (making
Ferland 1999 and references therein). An attempt, on the other

hand. to model separately the absorption columns obser el Unobservable in absorption when the covering factor dwin-
0943249 o descﬂibe d gelow - Sﬁpll P isumore o er‘]’ o f %5), which becomes visible in emission if it lies within the
' P |er(1j|zing cone. vO97 assumed that the absorption and emission

Eggﬁvtg[nzgfgatu[)e(;f Zmufshggrizigtfei? \:\‘Z?ﬁ ?ﬁc;rsheeovti lé?vggei:{;as were both immersed in zones of comparable surrounding
c - ressureryT ~ 10° K cm—3) and were therefore of compa-

e Lt of il ensit . 100 o or otz gas). e propose
itI rad(i?ants are a:wa S ne a'tiv:a and a fu:ctior? of th(le distan'c%tead that whenever aborption troughs are observed, the ab-
Y9 y 9 sorption gas must lie outside the radio jet cocoon, allowing for

to the nucleus, such a contrast in metallicity between absogjlbwer density and high covering factor

tion and emission gas makes more sense if the absorption gas Srhe clear-cut advantages of locating the &bsorber in an
located much further out than the emission gas which extends 9 9

t0 at least 13 kpc in 0943-242, unpressurized outer halo are threefold:
We emphasize that this scenario does not entail that the ab-
sorption gas does not belong to the environment of the parent
radio galaxy. As argued by vO97, the high frequency of detec-
tion of H1 aborbers in 9 out of 10 radio galaxismallerthan
50kpc, much in excess of the density of absorbers along any
line of sight to distant QSOs, is a compelling argument for con-
cluding that the absorption gas is spatially related to the parent
galaxy. Our postulate is that the large scaledhsorptiongas
is the same gas which is seen insteadritissiorin those radio

We can now get the high excitation of the low density ab-
sorption gas for free. In effect, if the density of the absorption
gas is as low as0~3-10~2 cm~3, the metagalactic back-
ground radiation suffices to photoionize the absorption gas
to the high degree observed in 0943—-242, whether it does or
does not lie within the ionizing cone of the nucleus. Con-
versely, for the objects devoid of absorption, when a higher

. . . r reh ininth r hal we presum h
galaxies with Lyv sizeslarger than 50 kpc. In effect, absorp- pressure has set the outer halo (as we presume to be the

. S ase in 1243+036), the gas is much denser and can be seen
tion troughs are not seen when the emission gas extends beyon(§ ) 9

. . ._1n emission only if it lies whithin the ionizing cone (since a
50kpc. Such objects in general also have much larger radio y 9 (

. . X .o high density gas of 100 cm—2 cannot be kept highly ion-
Slzes .as.shown by vO97. Klngmatlcally, the gas which is seen ized by the background metagalactic radiation). This picture
in emission at the largest spatial scales shows narrow FWHM.

For instance a reresentative case is the radio galaxy 1243+036WOUId be inaccord with the findings of van Ojik et al. (1996)

. L X . who detect Lyv in emission in 1243+036 only along the ra-
Ei699:6§) é’gg&?}'ﬁ;?:\f:;gif: '?egsr:r?(t:gitfa\'/le?y }/;anjlki(: al. dio axis (presumably the same axis as that of the ionizing
sion extending up 1o 136 k cpa redion Iabelliled “ouz’? halo” radiation cone) andotin the direction perpendicular to it.
Thi ending ph FWpHM fz‘éﬁl 1 and sh | 2. The much smaller velocity dispersioh ¢ 45 kms™1)
IS emission gashasa 0 § ~andshows clear of the absorption gas as compared to the emission gas
evidence for rotational support.

A straightforward explanation of why the same gas is seen (FWHM/2.35 ~ 600 ks, cf. Tablel1) is more readily
. straign xp o y the same g . explained if the absorption gas lies undisturbed at relatively
in emission in some objects while in absorption in others might

large distances from the parent galaxy.
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3. Itexplains why the absorption (yetionized) gas in 0943—-242y their figures and Table 4 (Petitjean et al. 1992), we infer that
is not seen in emission while being more massive than ttie number of auto-gravitating condensations needed to achieve
inner emission Ly gas observed within 13 kpc. In effect,a covering factor of unity and a meart golumn of10'® c¢cm—2
the mass of ionized gas either in emission or absorpti@muld have to be large, in excessidf-?, for instance, for the
around 0943-242 inferred by vO97 aret 10* M, and model Gf,. However, after inspection of the variodé:;y
107 (z g1 /yair) ' Mg, respectively. Adopting the conser-columns derived from their extensive grid of models, we did
vative value of(z g7 /yr11) ~ 0.03 (cf. panel b in Fig.b), not find any model which would reproduce the observas C
the totalionized mass of the absorptionionized gas therefa@umn without having a metallicit 0.1Z. The gain inZ
exceed that of the inner emission gas by at least a factor tisdherefore insufficient to get¢’s ~ Zgm > 0.5 and we
and yet itis not seen in emission! This huge pool of ionizezbnclude that this explanation for a highis unworkable.
gas can remain undetectable in emission only if it has a very
low den§|t_y, as argued ibove‘ Itis customary to assumg 3 Metallicity determination of the absorption gas
volume filling factor ofl0~° for the gas detected in emission
in radio galaxies and that this gas is immersed in a regi@ur favoured interpretation of the lar@jés that the absorption
characterized by a pressure of ordéf Kcm—2 (vO97; gas is of very low metallicity compared to the (inner/denser)
van QOjik 1996). If we suppose instances where the outemission gas. Furthermore, a close parallel in the physical con-
halo has much lower pressure than this, it can be shown thitons of the absorption gas could be made with those adopted
for the same outer halo mass, the luminosity imvlwould for the study of QSO absorbers (e.g. Steidel 1990a,b; Berg-
scale inversely to the volume filling factor. Hence, the gason & Stashska 1986), namely the densities, the metallicities
would be weaker in emission by a factorléf° ifits filling  and the excitation mechanism (photoionization by a hard meta-
factor approached unity (with the mean density being lowgalactic background radiation). The observég; column of
by the same amount). This scheme would easily explain wh§'® ¢cm~=2 would position the 0943-242 absorber in the cat-
the outer halo of 0943—-242 is not seen in emission despitedgory of “Lyman limit system” according to Steidel (1992).
huge mass (comparable incidentally to the outer halo madse coincidence in physical conditions might be fortuitous
measured in emission in 1243+03628 103 Mg by van and it does not imply perse a common origin or correspon-
Ojik et al. 1996). dance between QSO absorbers and outer halos of radio galax-

ies. Under the sole assumption of similar physical conditions,

what estimate of the metallicity can we derive for C? From the

Nerv/ Ny ratio, we cannot determine the ionization parame-

Due to radiative cooling (which goesa and rise steeply with ter and therefore directly apply the results and models of Steidel

T), density enhancements can condense out of the emitting ¢E890b) who determined for each Lyman limit system a prob-

and form a population of about 100 times denser and 100 tingsde range of/ from upper limits or from measurements of

cooler clouds in pressure equilibrium with the ambient mediumther species than@®. It is nevertheless reasonable to assume

If we maintain that the pressure characterizing the absorptitrat the excitation degree in 0943-242 is comparable to that en-

and the emission gas is comparable {0° K cm—2) and that countered in high excitation QSO absorbers. To determine an

either gas phase has a temperature typical of photoionizatiappropriate value fal/, we adopted the set of data provided by

T ~ 10* K, we obtain (adopting a similar notation to vO97 buthe three Lyman limit systems observed in the spectrum of the

adapted to the case of 0943-242) that the size and the n@$O HS1700+6416 by Vogel & Reimers (1993) who success-

ber of smalhomogeneouabsorbing condensations required téully measured the columns of up to 3—4 ionization species of

cover the emission region would Be85ry3 pc and2.4 1087'0732 each of the three elements C, N and O. Amongstouf —1

clouds, respectively, whengs = 0.03 x (zgm;/ynir) " [as model sequence (SectB.4), we selected the model which had

above we adopt 0.03 as the reference neutral H fraction]. Cantive samé/ (~ 0.007) as Vogel & Reimers (1993) and inferred
find an alternative interpretation to (1) above for explaining tibat the observed columns in 0943-242 implied that the Car-

largeI that does not require low metallicities for the absorptidbon metallicity of the absorption gas was 1% solar (that is C/H

gas? Such a possibility would arise if thg;; column was not ~ 4 10~°), which is broadly consistent with the range

directly related to théV 7y column. For instance, in the auto-values favored in Se¢t. 4.1.1.

gravitating absorber model of Petitjean et al. (1992), which con-

sists of a self-gravitating g.as'condensation with a de.nse.nepg'ag' Mean density and cloud sizes

core surrounded by photoionized outer layers, could in principle

give ratios between columns ofitdnd Crv which do not reflect What would be the minimum density assuming the absorption

the abundance ratio but represents rather the average impacgpa-to be uniformly distributed? If our proposed picture was

rameter for our line of sight. Of course, these models have togrect, a representative size for the absorption gas volume is
rescaled to a pressure of;7 = 10° K cm ™2 implying much that given by the outer halo as seen in emission in other HZRG.
smaller sizes but requiring much higher ionizing fluxes (both Byt us adopt the value measured for 1243+036 by van Ojik
afactor~ 10%). This rescaling poses no conceptual problemsét al. (1996) of 136 kpc. Assuming the same mean ionization
we assume that the photoionization is by the central AGN. Ugarameter as used above (0.007), we derive a total gas column

4.1.2. A two-phase gas medium
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of Ng = Ny ~ 10%!' cm~2. Hence the mean density for  ciated absorbers correspond to intervening galaxies close
a volume filling factor unity on a scale of the 1243+036 outer to the QSO, we might expect to see amongst counterpart
halo would be~ 210~2 ¢cm~2 which is a value sufficiently low HZRGs one or more @/ or Ly« absorbers of small spa-

to allow photoionization by the feeble ionizing metagalactic tial extent relative to the size of the extended emission gas.
background radiation. The weak H absorption found by Chambers et al. (1990) in
4C41.17 might be such occurrence given its partial coverage
4.4, Comparison with the metallicity of BAL QSOs of the Lye background.

Our estimate of the metallicity for the outer halo of 0943-242 We conclude that HZRG absorbers, when their size is com-

. . - rable to galactic halos (as those found by vO97), have proba-
is at odds with the super-solar metallicities (e.g. Hamann 19i§§ . . , i
Papovich et al. ZOOO)pof the “associated” ab(sogbers seeninh ¥|I|ttle to do with QSO associated absorbers. A more suitable

redshift QSOs. The QSO emission gas itself (the BLR) is si l_altogy fto tf|1e gbsorpflo;:&gashqth.ZRS IS t?at. ofdtf;)e IlzranC|s
ilarly characterized by super-solar metallicities (cf. Hamann uster ot galaxies at = 2.38 which Is charac erized by large
Ferland 1999 and references therein). If we consider QSOs gﬁgle absorption gas on a scaléxot Mpc (Francis etal. 2000).
HZRG as equivalent phenomena observed at different angles, it

may appear at first surprising that the metallicities of the absosp5. Constraints on radio galaxy evolution

t|0_ﬂ compon_er_1ts are so different. However, we show below thﬁge size of the radio source can be used as a clock that measures
this contradiction is only apparent as we are probably dea“ﬂ% time elapsed since the start of the radio activity. A number

with totally different gas components. of observed characteristics of distant radio galaxies change as

1. Kinematics The HZRG large scale absorbers are kinemak-function of radio size, — i.e. as function of time elapsed (cf.
ically very quiescent. In effect, the modulus of the velocit{Rottgering et al. 2000). For ~ 1 3CR radio sources, these
offset between the absorbers and the parent galaxy is usulfjude optical morphology (Best et al. 1996), degree of ionisa-
less than 40Gm s~ for the dominant absorber (VO@DA tion, velocity dispersion and gas kinematics (Best et al. 2000).
substantial fraction of HZRG absorbers are actually infallinyt higher redshifts £ > 2), only the smaller radio galaxies are
(Binette et al. 1998). This is far from being the case fé¥fected by H absorption (vO97). All these observations seem
QSO “associated” absorbers whose ejection velocities dardictate an evolutionary scenario in which the radio jet has a
extend up to many thousandsns—! (Hamann & Ferland dramatic impact on its environment while advancing on its way
1999). For instance, the two associated systems (with @t of the host galaxy (&tgering et al. 2000, Best et al. 2000).
tected metal lines) recently studied by Papovich et al. (2000)
are blueshifted by-680 and+4000 km s~!, respectively. 5. Conclusions

2. Selection effeclQSOs are spatially unresolved with a siz
of the source light beam less than a few light-weeks acro

In the case of HZRG absorbers, the backgound source is : T o
e : . emonstrates that the detected absorption gas is highly ionized.
emission gas which extends over a seal&5 kpc. This huge .
Having assumed that theithnd Crv columns measured from

difference in scale results in a totally different bias on Whatfﬁ? Voigt profile fitting were representative of the dominant gas

preferentially observed. In effect, the extended absorbers Ol se (by mass) in the outer halo, we have effectively ruled out

gﬁii:ﬁﬂ%@?ﬂiﬁ?g;,eclsr:?ejagﬁltl;n(]tiseigsam%s%‘t the absorption and emission gas occupy the same position
) 9 b . #°0943-242. We subsequently reassessed the picture proposed
of the absorption component exceeds M, in 0943—

by vO97 in which both the large scale emission gas and the

242). By contrast, in the case of QSO associated absorb% SSorption gas were of comparable density (~ 100 cmn—3).

Elhle Oin(jai/? Oﬁfg(?;edégencst:)é;ze; [;r;cibsrg[,p,::joﬁ I;tténgaﬁlgﬁlg the former picture, the absorption gas was believed to lie
i ht-mon%l)w diameter and a total ags shsor ?ion column Srtside the AGN ionization bicone (see their Fig. 11 in vO97).
1?)18 em~2) 9 P 0 ionize the gas to such a degree without using the AGN flux is

: . problematic. We have proposed an alternative picture in which
3. Cpexstence with the BLRO the extent that QSO asso the absorption gas is of very low metallicity and lies far away
ciated absorbers represent gas components expelled fr m ; : L
the BLR, we should not be surprised that their metallicit@n he outer halo) from the inner pressurized radio jet cocoon.

turn out comparable to the BLR. Given that in HZRG we ince in this new scheme the density (.)f the absorption gas 1S

. - expected to be very low, the metagalactic background radiation

do not directly see the pointlike AGN, we cannot expect t0 : R

. : nqw suffices to photoionize it. Furthermore, the structure of the

see any BLR component in absorption. As for the extende . . drastically simplified si q

as detected in HZRG, there exists no evidence in favourQ sorption gas IS now rast!ca y simpiiiied since we do not
gu er-solar metallicitie's on large scated0 kpc (Nv when fieed over- 10' condensations of size' 1pc and density

P 9 P ~ 102 cm~3 to reach a covering factor close to unity. We can

detected is strong only in the nucleus) If a fraction of assg- o : : : .
now reach similarly high covering factor using a single or few

® Highly blueshifted P-cygni profiles are now known to exist in radishells of very low density which have a volume filling factor
galaxies withz > 3.5 (Dey 1999). close to unity (assuming a density9f10=2-5 cm™3).

The detection of @v absorption in radio galaxy 0943-242 at

Eﬂf% same redshift as the deepalLyrough observed by RO95
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It appears to us that the low metallicity inferred (~ Dey A., 1999, In: Best P.N., Lehnert M.D. (eds.) Proc. of the KNAW
0.012@) and the proposed location of the absorption gas in colloquium: The Most Distant Radio Galaxies. Amsterdam, 15-17
0943-242 —outside the radio cocoon, in an outer halo which October, 1997, Amsterdam
is seen in emission in other radio galaxies (as in 1243+03@)pita M.A., Sutherland R.S., 1996, ApJS 102, 161 (DS96)
strongly suggest that the absorbers’ existence precedes the"6fuit P, Binette L., Sutherland R.Sgd@ntal E., 1997, A&A 322,
seryed AGN phase. Unless this non-primordial gas has bql.egncis P.J., Wilson G.M., Woodgate B.E., 2000, ApJ submitted
enriched by still undetected pop Il stars, we consider thatHEamann F. 1997, ApJS 109, 279
more likely correspon_ds to a.vg.snge gas phase expelled fr%ann F.. Ferland G., 1099, ARA&A 37, 487
the parent galaxy during the initial starburst at the onset of §gnkins £.8., 1986, ApJ 304, 739
formation. Osterbrock D., 1989, In: Astrophysics of gaseous nebulae and active

If the C1v doublet was detected in absorption in other radio galactic nuclei. University Science Books, Mill Valley
galaxies with deep Ly absorption troughs, there are manyapovich C., Norman C.A., Bowen D.V.,, et al., 2000, ApJ in press
aspects which would be worth studying. For instance, how (astro-ph/9910349)
uniform is the excitation of the absorption gas across the regidgfitiean P., Bergeron J., Puget J.L., 1992, A&A 265, 375
over which it is detected? Is a single phase sufficient? THigntericci L., Rittgering H.J.A., Miley G.K., et al., 1999, A&A 341,
could be tested by an attempt to detect absorption troughs of 329

Mg 11 \A2798 or imaging the troughs in 1€ with an integral Pett|5r15M., Hunstead R., Smith L., David, P.M., 1990, MNRAS 246,

Tleld spectrogrgph on an 8-m C"?SS telesc;ope. How d'ﬁer%?otttgering H.J.A., Hunstead R.W., Miley G.K., van Ojik R., Wieringa
is the metallicity of the absorption gas in the other radio ;i “995 MNRAS 277 389 (RO95)

galaxies? The information gathered could then be used to infgfigering H.J.A., Miley G.K., 1997, In: Bergeron J. (ed.) The Early

the enrichment history of the outer halo gas which surrounds universe with the VLT. Springer, Berlin, p. 285

HZRG. Rottgering H.J.A., van Qjik R., Miley G.K., et al., 1997, A&A 326,
505
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