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LARGE SCALE ABSORBERS IN THE ENVIRONMENT OF HIGH-Z

RADIO-GALAXIES

L. Binette,1 E. Beńıtez,1 M. Villar-Mart́ın,2 J.-A. de Diego,1 S. Haro-Corzo,1 and A. Humphrey1

RESUMEN

Se discuten interesantes cuestiones que surgen en estudios de absorbedores extendidos observados en radio-
galaxias de alto corrimiento hacia el rojo. Se proponen observaciones de más objetos con espectroscoṕıa 2D
con OSIRIS.

ABSTRACT

We discuss a number of interesting questions that arise from studies of extended absorbers observed in high
redshift radio-galaxies. We propose to carry out 2-D spectroscopy of more objects using OSIRIS.
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1. INTRODUCTION

A prominent characteristic of high-redshift radio-
galaxies (hzrgs) at z > 2 is their spatially extended
emission line regions (hereafter eelr), which are of-
ten luminous in Lyα (> 1044 erg s−1) and extended
over several to tens of kpc. The excitation mecha-
nism for the emission gas is either shock excitation
by jet material or AGN photoionization. The eelr

is kinematically active. Villar-Martin et al. (2003)
distinguish a kinematically perturbed gas component
with FWHM > 1000 km s−1and a quiescent compo-
nent with FWHM of order 600 km s−1.

With observations of a sample of hzrgs, Van Ojik
et al. (1997; hereafter VO97) discovered that the
majority of hzrgs with small radio-source sizes (<
50 kpc) exhibit narrow Lyα absorption when ob-
served at intermediate resolution (1–2 Å). This ab-
sorption is superimposed upon the Lyα emission
with a spatial extent comparable to that of the
eelr. There appears to exist a bimodal distribu-
tion of H i columns (see Figure 1 and V04). Some
hzrg spectra reveal up to 4 extended absorbers. The
doppler width of the absorption Lyα is small, with
σ < 100 km s−1 in most cases, indicating that the
internal kinematics of the absorbers is very quies-
cent with respect to the often very disturbed kine-
matics of the emission line gas. In addition to Lyα,
the C ivλλ1549 doublet has also been observed in
absorption in two hzrgs, superimposed on the C iv
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emission line, first in 0943–242 (ze=2.922) (Binette
et al. 2000) and then in 0200+015 (ze=2.230) (Jarvis
et al. 2003, J03). This indicates that the gas is
ionized and that the total amount of intervening
gas (neutral + ionized) greatly exceeds that inferred
from the H i column alone.

2. IONIZATION MECHANISM

The excitation mechanism of the large scale ion-
ized absorbers is still a matter of debate. Using the
column ratio NCIV/NHI determined observationally
in 0943–242 and 0200+015, Binette et al. (2006)
showed that the most likely mechanism responsible
for the ionization of the absorbers is photoionization
by either the metagalactic background radiation or
by UV radiation from hot stars belonging to the par-
ent hzrg. The masses inferred for the absorbers in
the case of metagalactic flux ionization were uncom-
fortably large, however, which leads these authors to
favor stellar ionization.

Clearly, a larger sample of column ratio mea-
surements is required to confirm the true ionization
mechanism. Ideally, 2D spectroscopy presents many
advantages for studying the spatial behavior of the
velocity shift of the absorber with respect to that of
the parent galaxy. The instrument OSIRIS, once
coupled with a scanning Fabry-Pérot, would pro-
vide both sufficient spectral and spatial resolution to
‘image’ in velocity space the absorption gas against
the background light of Lyα, C iv and even Mg ii.
So far, this has only been achieved by Wilman et
al. (2005) in the case of the Lyα-emitting ‘blob’
LAB-2 in the protocluster SSA22 (ze = 3.09), who
used the SAURON integral field spectrograph on the
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Fig. 1. Calculated outflow velocities as a function of
the measured NHI. We assumed that the hzrg’s sys-
temic redshift ze is exactly that given by the centroid of
the emission Lyα profile, corrected for the absorption.
Filled squares: hzrgs of radio-sizes smaller than 50 kpc,
open triangles: hzrgs of larger radio-sizes. Measure-
ments of 0943–242 are encircled, while those of 0200+015
are crossed. Arrows indicate the two absorbers with de-
tected C iv in absorption. The octagons labeled a1 and
a2 correspond to the Lynx Arc Nebula absorbers. As-
suming an escape velocity of 800 km s−1, shells to the
right of the origin of the dashed-arrow should be es-
caping. On the other hand, if the measured velocities
were terminal velocities rather than launch velocities, a
fraction of all the shells with positive Vo might also be
escaping. There appear to be a bimodal distribution of
H i columns (W04): thin absorbers (1013–1015 cm−2) and
thick absorbers (1018–1020 cm−2).

William Hershel Telescope. These authors found ev-
idence of a foreground absorber (NHI ' 1019 cm−2)
with remarkable velocity coherence over a scale of
∼ 76 × 26 kpc in the plane of the sky. The interpre-
tation proposed is that of a galaxy-wide superwind
of ∼ 1011 M�, which is possibly a manifestation of
the ‘feedback’ mechanism thought to be regulating
the formation of galaxies.

3. SHELL EXPANSION AND FEEDBACK

J03 finds that the main absorber in 0943–242 re-
mains as a single Lyα system of column density ∼

1019 cm−2 over the full observed extent of the eelr,
it is completely black at the base of the Lyα trough,
with no evidence of substructure or a multiphase en-

vironment. The absorption trough is blueshifted by
265 km s−1 with respect to the centroid of the back-
ground emission profile. Such spatial and kinemati-
cal coherence of the absorber is the basis of the pro-
posed shell structure for the absorber, which con-
trasts with the chaotic multi-phase medium encoun-
tered in the Galactic ISM. It also contrasts with the
(warm) emission line gas in general, which is charac-
terized by a minuscule volume filling factor (10−5 –
10−3) whether it is observed in H ii regions, the NLR
or the eelr. Furthermore, in the case of the NLR
gas in Seyfert I or in quasars, the covering factor in-
ferred is statistically much lower than unity (absence
of Lyman breaks in ∼ 90% of quasars). The hzrg

absorbers on the other hand require a covering factor
of unity over tens of kpcs, so that the proposed shell
structure is conceptually a more attractive proposi-
tion than that of a huge number of cloudlets (∼ 1012,
VO97) randomly distributed.

An important aspect to elucidate is the ordered
kinematics of the shells. For instance, is shell out-
flow more frequent than shell infall? In explaining
the kinematic properties of the emission line gas,
Humphrey et al. (2006a,b) favor a scenario in which
the quiescent (unperturbed) gas is in infall, while
the perturbed gas is in outflow. As for the ex-
tended absorbers (i.e. absorption shells) discussed
in this Paper, since we cannot measure their dis-
tances from the parent hzrg, it is not clear whether
they are gravitationally bound or have escaped the
gravitational pull of the hzrg long ago. In Fig-
ure 1 we show a plot of the outflow velocity, Vo,
as a function of NHI of all the shells that have
been measured so far. Vo is given by the expres-
sion c[(1 + ze)

2
− (1 + za)2]/[(1 + ze)

2 + (1 + za)2],
where c is the speed of light, ze the hzrg systemic
redshift and za the absorber’s redshift. The data are
from Wilman et al. (2004) and VO97. We also over-
lay the two absorbers found in the Lynx Arc Nebula
at redshift of 3.36, which is a high-redshift metal-
poor gravitationally lensed H ii galaxy believed to
be photoionized by young massive stars (Fosbury et
al. 2003; Villar-Mart́ın et al. 2004). Another unan-
swered question is the origin of these massive shells
in hzrgs. Binette et al. (2006) suggested the pos-
sibility that they arise from massive stellar winds,
following short but major episodes of star formation
within the hzrg bulge.

The authors acknowledge support from CONA-
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with proofreading.
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