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Abstract. Results of a careful analysis of the absorption systructures in the BAL-flow are mainly due to density inhomo-

tems withz,,s~z.m Seen toward the bright.,, ~3.91, gravi- geneities. There is a tendency for mini-BALs to have different

tationally lensed quasar APM 08279+5255 are presented. covering factors for different species. It is shown that a few of
Two of the narrow-line systems, at,,; = 3.8931 and the absorbing clouds do not cover all the three QSO images, es-

Zabs = 3.9135, show absorptions from singly ionized specig@®cially we conclude that the,,s = 3.712 system covers only

with weak or no Nv and Ovr absorptions at the same redimage C.

shift. Absorption due to fine structure transitions ofiiGand Finally we identify narrow components within the BAL-flow

Si1r (excitation energies corresponding to, respectively;h%6 with velocity separations within 5 knts of the Ovi, N v and

and 34.m) are detected at,;,; = 3.8931. Excitation by IR ra- Si 1v doublet splittings suggesting that line driven radiative

diation is favored as the column density ratios are consisteiceleration is an important process to explain the out-flow.

with the shape of APM 08279+5255 IR spectrum. The low-

ionization state of the system favors a picture where the cloud

is closer to the IR source than to the UV source, supporting tkey words: galaxies: quasars: absorption lines — galaxies:

idea that the extension of the IR source is larger tk@00 pc. quasars: individual: APM 08279+5255 — galaxies: halos —

The absence of fine structure lineszgts = 3.9135 suggests galaxies: ISM

that the gas responsible for this system is farther away from the

IR source. Abundances are0.01 and 17 at z,,s = 3.913

and 3.8931 and aluminum could be over-abundant with respect

to silicon and carbon by at least a factor of two and five. All i

this suggests that whereas the.= 3.8931 system is probably 1+ Introduction

located within 200 pc from the QSO and ejected at a velocithe gravitationally lensed high-redshift Broad Absorption Line
larger than 1000 km's, the z.p,s= 3.9135 system is farther (BAL) QSO APM 08279+5255 has been given tremendous in-
away and part of the host-galaxy. terest since its discovery by Irwin et al. (1998) as it is one of the
Several narrow-line systems have strong absorption linggst luminous objects in the universe even after correction for
due to Crv, O vi and Nv and very low neutral hydrogen gravitational amplification. Based on the position of the emis-
optical depths. This probably implies metalliciti€s > Zc  sjon lines, Irwin et al. (1998) derived a redshift, = 3.87. A
although firm conclusion cannot be drawn as the exact valggbably better estimate of the systematic redshift comes from
depends strongly on the shape of the ionizing spectrum.  the detection of CO(4-3) emissionat, = 3.9114-0.0003 by
The C1v broad absorption has a complex structure withownes et al. (1999).
mini-BALs (width < 1000 km s~') and narrow components su-  |maging of the field reveals two main components (Irwin et
perposed on a continuous absorption of smaller optical depi.1998; Ledoux et al. 1999) separated by 0-38®01 arcsec
The continuous absorption is much stronger invOndicat- a5 measured on HST/NICMOS data (Ibata et al. 1999) and of
ing that the corresponding gas-component is of higher ionizgiative brightnesgi / fo = 0.773:0.007. The HST images re-
tion than the other components in the flow and that absorptiggs| the presence of a third object C wjif/ f =0.175+0.008,
located in between A and B and almost aligned with them. The
* Based on observations collected at the W.M. Keck ObservatoPSF fits on the three objects are consistent with the three com-

ry, . . .. e
which is operated as a scientific partnership among the California p?gnents being point-sources and the colors are similar within
stitute of Technology, the University of California and the NationdNe uncertainties suggesting that C is a third image of the quasar
Aeronautics and Space Administration. The Observatory was md#ata et al. 1999; Egami et al. 2000). A high-resolution high
possible by the generous financial support of the W.M. Keck Foundiignal-to-noise ratio spectrum ofoAPM 08279+5255, covering
tion. the wavelength range 4400-10@0@as obtained using the
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Keck telescope and made available to the Astronomy comnTable 1. Parameters for the system:at,=3.8568
nity for analysis (Ellison et al. 1999a,b). This spectrum, though

complicated by the combination of light traveling along thregpecies 2 N(cm™2) b(kms™)
different sight lines, is a unique laboratory for studying the iny 38574 1.320.13 x 106 17.41+1.13
tervemng and associated abspr_ptlon syste_ms. Cm 3.8557 3.130.38 x 102 20.85:1.81
It |s_well known that the origin of assqmated system_s (sys- 3.8564 7.95050 x 102 12.43:0.36
tems withz,ps ~ zem) CaNNOL be inferred directly from their po- 3.8568 2.08:0.12 x 10"®  10.67:0.13
sition in the spectrum. Indeed, absorption can arise from (i) gas 3.8571 2.4%0.34 x 10'2  7.25+0.70
ejected by the central engine at velocity as high as 60000km s 3.8574 1.160.07 x 10**  12.570.72
and nonetheless physically located very close to the sougeg, 3.8557 3.340.24 x 102 20.85:1.81
of ionizing photons (e.g. the,,s= 2.24 “mini-BAL” towards 3.8564 1.09-0.03 x 103 12.43+0.36
Q 2343+125 at,,, = 2.515; Hamann et al. 1997a) or from 3.8568 3.76:0.43 x 10'*  10.67:0.13
(i) gas associated with the host-galaxy or with members of a 3.8571 2.670.28 x 10'*  7.25+0.70
galaxy cluster surrounding the guasar. The distinction can be 3.8574 6.3%0.30 x 10'*  12.57£0.72
made in terms of physical properties. The systems belongigigv 3.8567 1.2#0.07 x 10>  9.73+0.67
to the first class are characterized by high metal enrichment, 3.8574 6.6%0.05 x 10'"  5.44+0.63

high-ionization parameters, broader line profiles, partial cov-
erage and time variability (Barlow et al. 1992; Petitjean et al. » 16 o
1994; Savaglio etal. 1994; Hamann 1997; Hamann et al. 199 8" hydroggn g:olumn densities(H I_) N 107> cm™= (see be-
Barlow & Sargent 1997; Ganguly et al. 1998; Papovich et 'w)'phqto-mnlzed by the QSO ra}dlatlon. The spectral energy
1999). The second class of absorber is characterized by cla Egrlbutlon of pr8279+h5255 ISd nc:jt:g?\lwn in the UV/X_'d d
cal properties of intervening systems such as low metalliciti '\jner:gy raggFe. | egselzése; stand a: s_gectr#m r;frow ef
(typically 0.01 to 0.1 of solar) and undisturbed kinematics. y Mathews erland ( ) and also consider the effect o

In this study we investigate the nature and physical propélqreening the ionizing spectrum by optically thick clouds to take
ties Of zupe~ zer Systems toward APM 08279+5255. In Sect Jnto accountthe factthat BALs are X-ray quiet (Green & Mathur

we describe the data and the grids of photoionization models 96). The .rgsultlng column den§|t|es Of, various species, for
use to infer ionizing conditions in the absorbing gas. We analy% erentionizing spectra, along a line-of-sight perpendicular to
a probably intervening metal line system very close to the emi8® slab are given in Fif] 1.

sion redshift in Sect. 3. The nature of narrow-line systems with

low-ionization conditions are investigated in Sect. 4. Sect. 5 d&- The intervening system atz,,s = 3.8576

scribes the high-ionization narrow-line systems. In Sect. 6, \Af

analyse the nature of the BAL outflow and in Sect. 7 we sugge Is system is revealed by strongrC and hydrogen Lyman

the presence of “line-locking” among narrow components in tﬁgries lines. It is at higher redshift than the main component of
BAL flow. A summary is given in Sect. 8 the BAL out-flowing gas. Moderately saturatedi©\977 and

C 1v absorptions are seen whereasi8A1206 and Siv,
although present, are weak (see Elg.2). BothiC and
2. Data and photoionization models Cmi\977 profiles suggest the presence of 5 distinct compo-

B nents. Only the highest velocity component shows absorption
A spectrum of thex.,, = 3.91 quasar APM 08279+5255 was Ob('Jlue to higher hydrogen Lyman series transitions. The expected

tained with the HIRES echelle spectro_graph at the 10m Kec f&sitions of Ov1 is in the wavelength range of the very strong
telescope (Ellison et al. 1999a,b). This data was made pu Q1 BAL
together with a low-resolution spectrum of the quasar and a Column densities estimated from Voigt profile fitting are

hrighr—]reiolutior spectrum of a st:mdardosstgr.gNe;av? correca:i\;ien in Tabl&lL for different species. Note that thev@oublet
the high-resolution spectrum of APM 79+5255 for small 1 ig consistent with complete coverage of the background

discpntinuitie§ in the cpntinuum, which are probably _due ource (see below). The neutral hydrogen column density at
the_: _mapproprlate merging of different orders. The_se dlsconga-bS = 3.8574 is well defined by higher Lyman series absorp-
nuities have been recognized by comparing the high and |

. W6 lines. If we assume the QSO is the ionizing source we derive
resolution spectra. The latter has also been used for normal%%—U — _9.5from the Cr11 and Crv column densities and the

tion of the high-rgsolution data. Atmospheric absorption feﬁbsence of singly ionized species. Models with solar metallici-
tures were identified from the standard star spectrum. We haye produce @it and Crv column densities two orders of mag-
measure_d the ﬂnal_ spe_ctral re_solunon by fitting th‘_e narrow afs ,ge larger than what is observed (seeBig. 1). This clearly sug-
mospheric absorptl?n lines which zire free ofplendlng. We f"bqests that metallicities are of the order of [CAHP.01 [C/H] .
FWHM ~8kms (b~ 4.8kms™) at 69004, R =37500, gjnijar 1o what is usually derived for intervening systems. It is

and use this value throughout the paper. likely that this system does not belong to the QSO environment
Grids of photoionization models using the code Cloudy (Fer- y 4 g Q '

land 1996) have been constructed. The cloud is a plane parallel
slab of uniform density, solar chemical composition and neu-
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Fig. 1la—d.Results of photoionization models with = Z, log N(H 1) = 16.0, constant density and plane parallel geometry. The dashed line
shows the column density of @.. For models in pandd, the Mathews & Ferland (1987) spectrum has been used; the same ionizing spectrum
has been attenuated by a slab of gas with perpendicular neutral hydrogen column deé{ty Ipg 17.0 and logV(H 1) = 18.0 and ionization
parametet/ = 0.1 in paneld andc respectively. Panel gives the ionizing spectra in each case: solid line is the Mathews & Ferland spectrum;
dashed and dotted lines are the attenuated spectra fo¥(bg) = 17.0 and 18.0 respectively.

4. Intrinsic systems with narrow and low-ionization lines  to low ionization lines: Ali1, Al 111, Si11, Siir*, C 1 and Cir*.

_ In addition, there are strong absorption lines at the expected po-
4.1 The 2= 3.8931 complex sitions of N111A989 and CiitA977 with profiles similar to that
Absorption profiles of some of the important transitions froraf C1v and Sitv. Itis however very difficult to rule out contam-
this complex are given in Figl 3. Inwhat follows, we concentratgation by intervening Lymarr systems. There is a feature at
on the component at~ 0 km s~!, which shows absorption duethe expected position of @A1031. However, as ®1A1037 is
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Fig. 2. Profiles of some of the absorption lineszats~ 3.8576 on a Fig. 3. Profiles of some of the absorption lineszats~ 3.8931 on a
velocity scale centered at this redshift. velocity scale centered at this redshift. The vertical dashed lines mark
the position of the components seen in theirofile. Note that only
the component at ~ 0 km s~ *shows absorption lines due to singly
heavily blended, itis difficult to establish the presence ofi@ ionized species.
this system. Nv absorption is present and weak (see[Hig. 3).

Si 1121260 and SinnA1304 absorption lines are redshifted
beyond the QSO Lyman- emission line. The SiiA1260
The flat bottom and the presence of other Lyman series ling® is blended with Qv\1548 atz,,.= 2.9833 and we use
show that the Lyman line is saturated. However, it is ap-C 1vA1550 to remove the contamination. In the lower panel of
parent on Fid.B that there is some residual flux in the core Fify[5, the best SiA1260 fit, after removal of the G/ contribu-
the Lymane line. Similar residuals are seen at the bottom aion, is plotted together with the 8i\1304 profile appropriately
SitvA1393 and @v\1548. Residual flux is expected in case onscaled to SitA1260 for a covering factor of, = 0.8. This
of the three lines of sight is not intercepted by the absorbiregvering factor is consistent with the value derived from the
cloud. However the relative brightnesses of the components Atair doublet. In the top panel of Figl 5 the $tA1309 profile
fa/fa ~0.773 andfc/ fa ~ 0.175 (Ibata et al. 1999). There-is plotted together with the scaled profile ofi8iA1264 for two
fore, under the above assumption, at least 10% residual fitedues of the covering factor. The best valug is- 0.54, how-
is expected, much larger than the 3% observed. This cleagher as the Sir*A1309 is weak, a value of 0.8 is well within
suggests instead that the absorbing gas is located outsidettieelsr error. Thus, the data is consistent with bothriSand
BLR and that it covers only 97% of the background sourc® 11* absorptions having similar covering factgis~ 0.8.
(BLR+continuum+scattered light). We use thexg Sitv and The column densities given in the fourth column of Table 2
Al 111 doublets to estimate the covering factor of these spec@® obtained by integrating the optical depth over the velocity
applying the method described in Srianand & Sankaranarayanange covered by the absorptions after taking into account the
(1999). The results are shown in Higy. 4. The covering factor obvering factors derived above. Note that thev@olumn den-
the C1v and Sitv component at ~0 km s™! is about 0.95 sity is unreliable due to blending with other lines as well as
whereas the corresponding value foriAlis 0.80. contamination of GvA1550 by Crv\1548 atz,;,s= 3.901. Re-
For simplicity and because the residual is small, we assugdts from single component Voigt-profile fits are given in the
complete coverage while estimating the column density of Hsecond column of the Taldlé 2.
We find log N(H 1) = 15.9, suggesting that the partial Lyman
!imit detecteq in the rest fram_e of the QSO (Irwin et al. 19984?.1.2. Excitation of the fine-structure levels
is most certainly not due to this system.
The covering factor of the singly ionized phase can BEhe presence of several absorption lines from excited fine-
estimated using the numerous Bilines. In particular, the structure levels of Sit and C11 is a unique opportunity to

4.1.1. Partial covering factor
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Fig. 5.Covering factor estimated from thei$and Siit* lines atz,,s=

Fig. 4.Covering factor estimated from the At, Sitv and Crv doublets . . o

ati bs= 3 893? The top two rows in each column give the observe3d8931' Upper panel: Absorption profile ofigiA1309 (solid line) and
aps . . . . * .

profiles. In the case of $i and Altir we also plot the best Voigt-profile profile of Sinr*1264 suitably scaled to be compared tor8ix1264

for two different values of the covering factof.(= 0.8 and 0.6 for the

fit (dotted lines) for complete coverage to illustrate the inconsistency. - ; .
Last row in each column gives the covering factors estimated using aeshed and dotted lines). Lower pan_el. _best fit 0181260 (dotted
Ine) after removal of the Gv contamination (see text) over plotted

idual intensities i h velocity bin. . . - .
residual intensities in each velocity bin onto the SiitA1304 profile appropriately scaled for a covering factor
of 0.80.

study the physical properties of the absorbing gas. Two main _
excitation processes are at play: radiative excitation by an [Rble 2. Parameters for the associated system,at=3.8931
radiation field and collisional excitation mainly by electrons.

Let us first consider radiative excitation. In that case,  'on N(cm™?) bkms™')  N(cm™?)
. _ Hi 8.39+0.37 x 10"  15.9H-0.57
NX") 9 ( 2 ) (1) Cu  164:0.03x 10"  803:0.20 2.0%10"
N(X) 147y Cu*  2.49:0.04 x 10'®  8.03:0.20  3.3810'3
o . o Civ  3.58t0.74 x 10**  8.03£0.20 2.5810%
whereX is either Ci1 or Si1t andny, is given by Sin 7 490,34 x 1012 7.09£0.40 9 1310
- I(v)\3 Sin*  2.16+0.30 x 10'*  7.09£0.40  2.6%10'?
e (2) sitv  1.20£0.50 x 10'*  7.09:0.40  7.76<10'3
Nv  3.28:0.24 x 10'?  7.09+0.40
wherel (v),inerg ecm~2 s~! Hz !, isthe flux of energy density Al 1~ 6.25+0.15 x 10'*  6.47+0.19  7.76¢10"!
integrated over all directions. From the available IRAS fluxed 11 6.23:0.15 x 10'*  9.07+0.24  1.04 10"

and the sub-millimeter observations by Lewis et al. (1998), the

flux at the excitation energy of $i(0.036 eV) in the rest frame The IR flux at the excitation energy of  (0.008 eV) is
of the absorber is 0.1 Jy. Assuming the IR emitting region to %e016 Jy so that

a point,z = 3.910,H, = 75 km s! Mpc~! andg, = 0.5, we

obtain, AxN(CIT*) = 15.18 x M (SiIl) (5)
_ 0.0038 (1 Therefore if radiative excitation is at play, we should observe,
™= r(kpe)? \ k ®)

! NEem) _f N(SHD +7.09| x 0.063 (6)
wherer is the distance of the cloud from the ionizing sourcev (C I1*) ~ [ N(SiIl*) = R

andk is the magnification factor due to gravitational lensin
From Egs. (1) and (2) we derive,

N(Sill)
N(SiII")

g}C\s N(Sim)/N(Si 11*) ~ 3.5, the radiative excitation predicts
N(Cu)/N(C1r*) ~ 0.67 when the observed ratio is 0.66. This
strongly suggests that indeed excitation by IR radiation is im-
portant. Fork = 1, we obtain an upper limit on the distance of
the cloud from the IR source, < 150 pc. If the magnification

0.0038
k

r(kpe)? = [2 (4)
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factor is as high as 90, as suggested by the probable presencé |
of the third image (Ibata et al. 1999; Egami et al. 1999), the
distance could be as small as 15 pc.

Let us consider now the case of pure collisional ex-
citation. Note that excitation by hydrogen atoms is unim-,, /" /
portant in the case of optically thin clouds. Deexcitation is
due to spontaneous emission as well as particle collisions.
The necessary relationships to estimate the population ra-
tios as a function of temperature and density are taken from
Bahcall & Wolf (1968). For Siir the collisional excitation % 1
rate is,3.32 x 10777, *® exp(—413.4/T) cnPs™!, the col-
lisional deexcitation rate is.66 x 10~77;%° cm’s~! and
the spontaneous radiative deexcitation rat2i8x 10=4 s71.

For C 11 the above rates are respectivety20 x 10‘8T4*0‘5
exp(—91.25/T) cmis™t, 3.10 x 10787, %% cmis™' and 5 |
2.36 x 1079 s71. Here T} is the temperature expressed in units |
of 10* K.

In Fig.[8, are plotted the ratio®V(Si 11*)/N(Si 1) and |
N(C 1r*)/N(C 1), of excited to ground state column densi- | |
ties as a function of temperature for three different values of the 2 3 4 5
electronic density. In order to reproduce the observed ratios (in- log T(K)
dicated by horizontal dashed lines in Kiy. 6), the electron densty. 6. Column density ratiosV (X *)/N(X) for C 1t and Sitt in the ex-
has to be larger than 100 crhand the temperature greater thagited and ground states as a function of temperature. For each species,
320 K. As can be seen from F[d. 6, there is no stringent cathe three solid lines correspond to pure collisional excitation with elec-
straint on the electron density when the electron temperaturdrofiic densities:.. = 100, 500 and0® cm™~* from the lower to the upper
the gas is low. Note that although it would be surprising to firgirve. Horizontal dotted lines indicate observed values withr er-
such a small temperature in an optically thin cloud located ifS:
the vicinity of the quasar, this is possible if the metallicity of the
gas is well above solar (e.g. Petitjiean et al. 1994). In case the

gas is warm, from the width of the absorption lines, we deriyfe IR excitation if (i) contrary to the UV source, the IR source
an upper limit on the temperature of 460" K which gives an s not lensed which does not seem to be the case (see Downes
upper limit on the density of 500 cni. et al. 1999) or (ii) the cloud is closer to the IR source than to the

Is there any way to choose between the two processes dist source. Indeed Downes et al. (1999) have shown that the
cussed above? The small distance inferred in case of pure ragigtecular gas and the dust are located in a nuclear disk of radius
tive excitation together with the low-ionization state of the g3 to 270 pc. The absorption System could be at 350 pc from the
may be at odd with the proximity of a very powerful source adentral UV source and still very close to the IR emitting disk.
ionizing radiation. From the low spectral resolution spectrum, |et us now assume that the cloud is at a large distance from
we estimate the fluxatthe Lyman limitinthe restframe of the afive quasar and that the excitation is purely collisional. In that
sorber to be 310~ erg s"'cm~2A~". This corresponds to a case, the electronic density must be larger than 106cRapid
luminosity atthe Lymanlimitof., = 4.28x10°*°ergHz 's™!.  yariations of the density on very small scales could imply vari-
Assuming a flat spectrum and integratib@y) /hv over the en- ations of the Si1/Si11* ratio from one line-of-sight to the other.
ergy range 1 to 20 Ryd, we estimate the number of ionizingwe apply a typical ionization correction, HH™ = 4x 103,

photons per unit time emitted by the quas@r= 2x10°7 /k,  to the Hi column density derived above (see TdBle 2), we obtain
wherek is the magnification factor. Thus, the distancee- N (H) ~ 2x10'® cm~2 and assuming > 100 cnt3, we infer

[Si 11#/Si 1] ]

tween the cloud and the quasar is a dimension of the cloud along the line-of-sight-a9.006 pc.
24.3 Reverberation studies of the nearby AGN NGC 5548 suggest
r= m kpc (7)  that the size of the BLR could be in the range 10 to 20 It days

(e.g. Krolik & Done 1995; Korista et al. 1995). Itis also known
wheren g is the particle density in units dfo? cm—3, and that the size of the BLR scales with luminosity &8;°. From

U_, is the dimensionless ionization parameter in units®f2. the UV and optical spectra we estimate that APM 0827+5255 is
The latter is the ratio of the density of ionizing photons to that least 500¢ times brighter than NGC 5548. If we apply the lu-
hydrogen density. The HISitt and Ci1 column densities derived minosity scaling then the radius of the BLR of APM 0827+5255
in this system are consistent with |65~ —2 (see Tablgl2 and is of the order of~0.3A/k pc. Thus in order to cover 97% of
Fig.[). Even for metallicities larger than 1), logU < —1. the background source, the transverse dimension of the cloud
As nigo < 5 andk < 90, we conclude that > 350 pc. This should be~50/1/k times larger than the dimension along the
lower limit can be reconciled with the distance inferred frortine-of-sight. Ask could be as large as 100, the two dimensions



420 R. Srianand & P. Petitjean: Associated absorption toward APM 08279+5255

NWWW Table 3. Parameters for the associated system,at=3.9135

Species z N(cm™2) b(km/s)
Hi 3.9135 1.040.15 x 10" 18.57:0.77
cu 3.9135 1.280.02 x 10'* 12.51+0.27

cir* 3.9135 < 5.30 x 10'?

Civ 3.9133 8.13-0.20 x 10 11.67:0.47
3.9135 4.830.17 x 10'*  16.49+0.49
3.9138 1.530.13 x 10'®* 16.713.07

Sin 3.9135 1.3%0.07 x 10*2  11.50+0.70
Sir* 3.9135 < 8.40 x 10!

Sitv 3.9133 3.690.10 x 10'*  9.48+0.26
3.9135 2.040.04 x 10*® 12.70+0.21
3.9138 4.53-0.22 x 10> 10.03:0.49

N v 3.9135 < 10'?
Al 1 3.9135 8.64-0.03 x 10! 12.21+0.55
Al 111 3.9135 2.1%0.06 x 10*2  12.68+0.45

[C ||(1‘334)

TR B P
0
-200 0 200 -200 0 200
Relative velocity (kms™!) Attenuation by a slab with neutral column density as large

Fig. 7.Absorption profiles at.y.~ 3.9135. The standard star spectrur@S 109 N(H 1) = 18 is ruled out, however, as in that case
is over plotted (dotted line) to indicate the position of atmosphed@d N (N v) = 11 instead of 12.7 observed.
absorption features. In conclusion, if the shape of the ionizing radiation from the
QSO is similar to the Mathews & Ferland (1987) spectrum, then
the data is consistent with attenuation of the ionizing flux by a
could be of the same order of magnitude. The cloud is theref@aeen with logV(H 1) ~ 17. Absolute metallicity is probably
very small. very close to solar which is typical of associated absorption
systems (e.g. Hamann & Ferland 1993; Petitjean et al. 1994;
Petitjean & Srianand 1999; Hamann & Ferland 1999 for arecent
review). However there is an indication that Carbon is under-
In this section, we discuss the ionization state of the gas in matsundant and Aluminum over-abundant compared to Silicon.
detail. Fig[l shows the results of models with solar metallic-
ity assuming different ionizing spectra, either an unattenuat _
Mathews & Ferland (1987) spectrum or the same spectrum g? The zay.= 3.9135 complex
tenuated by anionized hydrogen and helium slabwitlileg-1  The redshift of this system is very close to the CO emission red-
and Hi column density of 16/ —18 cm=2. The resultant spectrashift, zco = 3.9114 (Downes et al. 1999); the difference is only
are given in panel (d) of Fifi] 1. Itis apparent that the absorptierf. 30 km s ! whereas the width of the CO line is 480 km'sand
is most important at the He edge. This mimics the presencehe total width of the saturated part of the associated Lyman-
of the BAL outflow along the line-of-sight. As an illustration,« line is 300 km s!. Three distinct sub-systems are seen in
the number of ionizing photons is reduced by a factor 6 due$d1v and Civ. The strongest component in this complex has
the presence of a screen with 18gH 1) = 18. associated absorption fromCCr1v, Sit, Sitv, Al 11, Al itand
In models with unattenuated ionizing radiation, the observégiman- (see Fig.T7). Unlike what is observedzgt,,= 3.8931,
N(Al un)/N(Al 11), N(Si v)/N(Si 1) and N(C 1v)/N(C 11) the Lymane line goes to zero indicating complete coverage.
ratios suggest consistently Idg = — 2.0, —2.2 and—2.3 This is confirmed by the Siv and Al 111 doublets. Using the
and [Al/H] = 3.2 [Al/H] o, [C/H] = 0.5 [C/H], and [Si/H] = 1.6 Lyman series, we estimate the neutral hydrogen column density,
[Si/H] . Models with ionizing radiation attenuated by a scredng N (H 1) = 17.0+0.14 (see Tablg] 3). This is consistent with
with N(H 1) = 1017 cm~2 give logU = - 2.2, and [Al/H] = this system being responsible for the partial Lyman limit absorp-
1.7 [Al/H] &, [C/H] = 0.5 [C/H],, and [Si/H] = 0.9 [Si/H,. tion seen in the low-resolution spectrum of APM 08279+5255.
The most important effect of attenuation is that the Bbl- The Sitv and Civ doublets are well fitted by a model with
umn density decreases with increasing attenuation due to tiheee components; all the absorption lines due to singly ionized
paucity of photons of energy larger than therWionization species are fitted with a single componentvMnd Ovr are
potential. In the case of unattenuated ionizing spectrum and dearly absent. There is no absorption fromiSi down to a
suming solar abundances, the model predictN@y v)> 13.2 20 upper limit of log N(Si 11*) < 11.9. The Cir* line is red-
which is at least a factor of 3 larger than the observed valighifted at the same position as€\1548 atz,;,s= 3.2388. We

4.1.3. Photoionization model
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Table 4. Parameters for the high-ionization narrow line systems

Zabs Species  N(cm™?) v(kms™1)
3.8997 HI < 3.7 x 102 -20,18
Nv 2.85x10* ..

Cwv >23x10% .
C1 <1.0x10" ..
OvI >98x 10" ..

3.9010 Hr < 6.3 x 10'? -14,18
N v 6.91x10% ...
Ciu <3.0x10¥ ..
OvI >73x10% ..

3.9170 Hi 2.60x10'3 -50,18
Nv <1.0x10" ...
OvI >9.7x10% .

and Silicon. Such peculiar abundance pattern has already been

noted by Ganguly et al. (1999).

0 b All this suggests that whereas thg = 3.8931 system must

3.89 3.9 391 3.92 be located within 200 pc from the QSO and ejected at a veloc-
Redshift ity larger than 1000 kms', the z,,s= 3.9135 system must be

Fig. 8. High-ionization narrow-line systems. The vertical dashed lindgrther away and part of the host-galaxy.

mark the strong components discussed in the text. The CO emission

redshift iSzem = 3.9114.

5. High-ionization narrow-line systems

In this section we study the high-ionization narrow-line asso-
estimate a @ upper limit on N (C 11*) after subtraction of the ciated systems, defined as well detached systems with Lyman-
C1v profile, log N(C 11*) < 12.7. The ratio of Gr* to C11in o apparent optical depths much smaller than that ofi@nd
this system is at least a factor 4 smaller than inzthe=3.8931 N v (see Figl8). There are two main complexesat~3.90
system discussed previously. This suggests that this cloud hasnid z,;,,~3.917. We concentrate on well defined strong com-
be farther away from the IR source than thg, = 3.8931 cloud. ponents.

For electron temperatures less thanlB* K the observed limit
also suggests that the electronic density is less than 2G.cm 51 . = 38997

The N(Al 1)/N(Al 111) column density ratio in the two =~ >~ >
systems at,,s= 3.8931 and 3.9135 can be used to compaéolumn densities are estimated using the apparent optical depth
their ionization statesN(Al 1m)/N(Al 1) = 0.40 atz,,s= method (Savage & Sembach 1991). The results are given in Ta-
3.9135 while the allowed range at,,= 3.8931 is 0.06-0.10 ble[4 together with the velocity intervals over which the column
(after taking into account covering factor effects). Note thaensity is estimated. The residual intensities in both components
the N(C m)/N(C 1v) ratio is also larger at,,s= 3.9135. of the Nv doublet and the @1\1031 line are consistent with
From Fig.7 of Petitjean et al. (1994) it is clear that wheocomplete coverage. Unlike @, N v lines are not heavily satu-
N(H1) < 10' cm™2, N(Al m)/N (Al 111) is approximately in- rated. As can be seen from Hig. 8, thevG. 1550 component is
dependent of the neutral hydrogen column density (for a givbaavily affected by atmospheric absorption. We estimate a lower
ionizing spectrum) and depends only on the ionization paratimit on the Crv column density using the & \1548 profile and
eter. Therefore, the ionization parameter of the,= 3.9135 assuming complete coverage. There is a strong absorption fea-
system is slightly smaller than that of thg,.= 3.8931 system. ture at the expected position ofi@\977 , the profile of which

To discuss this system in more detail, we can use the modslsery similar to that of Qv. As we cannot rule out contam-
of Fig. 1b, scaling the column densities with abundances. Timation by intervening Lymanr absorption, the Gir column
N(AlI )/N(Al 1), N(C n)/N(C 1v) and N(Si 1)/ N(Si 1v)  density should be considered as an upper limit. As can be seen
ratios suggest, log/ = —2.83,—2.6 and —2.3 respectively. from Fig.[8, the associated Lyman-absorption is very weak
The range of ionization parameters reflects the uncertaintiesnithis component. In addition, this line falls in the wavelength
we use the mean ionization parameter, log= — 2.5, the range over which NV BAL absorption is present and coincides
model suggests [C/H] = 0.02 [C/H] [Si/H] = 0.01 [Si/H], with the expected position of the W\1242 absorption from a
and [Al/H] = 0.23 [Al/H]. Though the average abundance inomplex at:,,s= 3.795, which has ubiquitous absorption due to
this system is similar to intervening systems at large redshiftGtrv and Sirv (see also next section). Therefore theddlumn
seems that Aluminum is largely enhanced compared to Carlmtemsity given in Tablgl4 is most certainly an upper limit.
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5.2. zaps= 3.9010 6. The BAL flow

This component shows strong @ absorption with profiles The maximum observed ejection velocity of theaxCabsorp-
consistent with complete coverage. The Lymatine coin- tion is ~ —12000 km s™! relative to the systemic redshift
cides with the expected position of theWW1242 absorption z., =3.911. The BAL is of high-ionization: the @& absorption
from the complex at,;,s= 3.795. Thus, the Hcolumn density is much stronger than the & one; Nv is also conspicuous;
given in Tabld % is an upper limit. From Fid. 8, it can be seameak Sirv absorption is seen in only a few components (espe-
that Nv\1242 from this system coincides with W\1238 at cially those responsible for the strongCtroughs atv —9670
Zabs= 3.9170. Thus we estimate theiNcolumn density using km s~! and~ —4670 km s!). The structure of the absorption
the NvA1238 line only. As noted before, ®A1550 is heavily profiles due to the out-flowing gas is complex as it breaks into
affected by atmospheric absorptionj¥\1548 coincides with components of different widths, depths and covering factors (see
C1vA1550 atz,1,s= 3.9135 (see Figsl1,8) preventing us to estiig.[9).
mate the Qv column density in this system. There is a strong Weymann et al. (1991) have shown that the mean spec-
line at the expected position ofi@\977. We estimate an uppertrum of BALQSOs shows two distinct and localized minima
limit of the C 11t column density assuming complete coveragseparated by about the velocity splitting ofWand Lyman-
a (i.e~ 5900 km s1) located near velocities-4700 and

5.3. 2,p.= 3.9170 —10500 km s relative to the emission redshift. Korista et

& al. (1993) have found that 22% of BALQSOs do show double
The saturated Ovi lines have no residual flux so the abtroughs. These features suggest that radiative acceleration is im-
sorbing cloud completely covers the background source. Thertant to generate the flows and the observed profiles are due
O viA1037 line is blended with a strong line most probablyo line-locking (Arav 1996 and references therein).
due to an intervening cloud. The lower limit on thev@col- In APM 08279+5255, the two strongest troughs in the
umn density is estimated using the @A1031 line only. C1v profile are separated by 4900 km s~ (see Figd.19 and 9),
As discussed before the MA1238 line is blended with the smaller than the Lyman—N v velocity splitting. In between
N vA1242line ak,ps= 3.9010 and the NA1242 line is blended these two absorption troughs there are weak’@bsorption
with Mg 1122796 atz,,s= 1.18. It is therefore difficult to esti- lines (resolved even in the low-resolution spectrum). From the
mate the Nv column density accurately. We obtain an uppehape of the red wing of the @ emission line it is also appar-
limit using the NvA1238 profile. Though the @/ absorption ent that the flux in the blue wing of the & emission line at
is quite strong, both lines of the doublet are badly blended with 7461A is very close to the expected unabsorbed value (see

atmospheric features. Fig [10). This suggests that the two strong troughs are well de-
tached. Itis very difficult to produce such a profile in models of
5.4. Modeling out-flowing gas where the double structures are created by ra-

diative processes which produce clustering in the velocity space
The column densities derived in the three systems are giverkgeping all absorbing atoms at the same physical location (see
Table[4. The observed column densities of, K€ 1v, N v and the fits to double troughs in Fig. 11 of Arav 1996). We thus be-
O vr are typical of associated absorption systems (Petitjearlieve that the two strong troughs are due to physically distinct
al. 1994; Hamann 1997; Petitjean & Srianand 1999). absorbing components which are similar to mini-BAL systems

We run photoionization models using the “Optimize” comseen in a few QSOs (e.g. Petitiean & Srianand 1999).
mand available in “Cloudy” to derive the best values for the ion- In what follows we consider smaller velocity intervals and
ization parameter and heavy element abundances. For the Matestigate the profiles of different absorptions in more detail.
ews & Ferland (1987) ionizing spectrum we obtain lBg= The velocity are taken with respect4g, = 3.911.

—0.87 and Z = 180Z for the z,,s= 3.8997 system and
log U = —0.74 and Z(O,N) = 147 for the z,,s= 3.9010
system.

However, it is known that BALQSOs are X-ray quiet withThe two broad features at 729% and 7305A correspond
optical to X-ray spectral indexox > 1.9 (Green & Mathur; mostly to the two lines of a Gv doublet atz,,; ~ 3.712
1996) while the Mathews & Ferland spectrumhas, = 1.40. (v ~ —12400 km s™! in Fig.[@). The profiles do not match
If we assume the spectra seen by the absorbing clouds toekactly however. It is clear from Fig:111 that there is an extra
steeper than the Mathews & Ferland spectrum then we obtalssorption in the GvA1550 profile at~ —160 km s~! from
Z=5,1.4,05,04,andU =0.3,0.7,1.2, 1.3 fotrox = 1.5, the center of the line. This absorption is tentatively identified
1.7, 1.9 and 2.1 respectively for thg,s= 3.8997 system. The as Crv\1548 atz,,s~ 3.717, the corresponding broad, albeit
reason for this is that the number of photons available for ioweak, CrvA\1550 line is blended with the narrower E22600
ization of C1v, N v and OvI decreases whetipx increases. complex from a Mg system at.;,; = 1.81. Most of the narrow
Therefore, it would be of first interest to measusgx for this absorption features seen in thext\1548 and Qv 1550 pro-
quasar. files are due to atmospheric absorptions.

6.1. The broad C 1v absorption at v ~ —12400 kms™!
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Fig.9. Broad absorptions due to various

-12 -10 -8 -6 -4 species. The origin of the velocity scale is
Relative Velocity 10° kms™! taken atzem = 3.91.

| We believe, this absorption structure is real because of the
L 1 good match between the profiles of ther€Clines in the red
- 1 wings (see Fidg. 1), and because the lines are located very near
- 1 the centre of an echelle order and thus cannot be an artifact
of imperfect order merging. This system is well detached from
the rest of the BAL and therefore the continuum can be fitted
accurately. The Qv absorption is most probably saturated as

| MW | the residual intensities in both lines are similar. However they
FHf VWW are equal to 0.87 which clearly indicates that the covering factor

is surprisingly small~ 0.13. The Civ profiles, in the velocity
range not affected by the narrow atmospheric absorption lines
between—100 km s! and 100 km s?, can be fitted with a
covering factor of 0.12 (see top panel in Figl 11). The typical
| errorinthe covering factor is 0.02 (as the rms in the normalised
| | continuum over this wavelength range is 0.02). From[Eib. 10
L {1 it is apparent that this absorption, does not occur on top the
- 1 Civemission line. Thus the low coverage is most likely due to
1 1 thefact that the absorbing gas does not cover one of the images
of the very small continuum source. If the absorbing gas covers
‘ ‘ 1 only image C, then we expect a covering factor of 0.09. The
6500 o avelength s 8000 consistency with the observed value is an additional argument
in favor of object C being the third image of the gravitationally
Flg 10. Part of the low-resolution Spectrum ShOWing ther@iand lensed guasar. If true this |mp||es that astrong@bsorp“on
C1v emission lines. The solid line indicates the QSO continuum emig;ith, very little residual intensity, is expected in the spectrum
sion. of image C whereas very weak or no absorptions are expected

2 - _
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Normalised intensity

-100 0
Relative velocity (kms™!)

) ) ) -10.2 -10 9.8 9.6 0.4 9.2
Fig. 11. Profile of the CrvA1548 (bottom) and GvA1550 (middle) Relative Velocity 109 kms™!

absorption lines from the gas at~ —12400 km s~ !with respect to
the QSO. The normalised spectrum of the standard star is over plo
to visualize the narrow atmospheric absorption lines. In the top panel h . :

are plotted the QvA1548 (solid) and QvA1550 profiles (dashed) vertlc_a_l dotgd and dgshed lines are drawn for illustrative purpose at
properly scaled for covering factors 0.10, 0.12 and 0.14. The sha&'@&oc't'es discussed in the text.
regions are the velocity intervals affected by atmospheric absorption.

é% 12. Absorptions in the velocity range 10300 < v < —9200
] s . The zero of the velocity scale is taken at 3.911. The

A Voigt-profile fit to the C1vA1548 narrow line, with
a continuum defined locally, givels = 114+0.3 km s'and
in the spectra of A and B. This can be probed with HST/STIS(C 1v) = 1.5 £ 0.1 x 10! cm~2. This gives an upper
observations. limit on the temperature of the ga%, < 9 x 10* K. The
The width of the absorption lines is 200 km s™!. This C1vA1548, SitvA1393 and OviA1037 profiles are very sim-
system must be considered as a “mini-BAL” as thev(pro- ilar, suggesting that the velocity dispersions are of the same
file is smooth and broader than a typical intervening systeprder. Higher order Lyman series lines are present exactly at
but narrower than a typical BAL outflow (Barlow et al. 1997)the redshift defined by the 8/11548 line. The Ly-6 line is
Si1v absorption is not detected and/® and Nv are redshifted weak and not saturated. Voigt-profile fitting to this line gives
at the same position as other strong lines. N(H1)=3.3:0.210° cm~2 andb = 20 +2km s~ !, which
impliesT < 2.4 x 10* K and suggests that ionization is domi-
6.2. Absorptionsin the range —11000 < v < —9000 kms~!  Nated by photoionization.
Inaddition to the broad absorption seenin this wavelengthran
there are a few narrow absorption lines identified as @ou-
blets. This system is defined by strong and broad/@nd Sirv lines.
There is an absorption line at the expected position of
SitA1206 with very similar velocity profile which leaves little
doubt on the identification (see Figl 12). The fit to the\Silou-
The system at ~ —10030 km s~ ! is defined by Qv, O vi, blet gives a covering factor 8$0.25. For this value we estimate
N v and Sitv narrow absorption lines. They are most prolthe column density of Siv to be~ 10'4 cm~2. Itis interesting
ably associated with a strong Lymanline seen at the sameto note that the residual intensities ofi8\1206 and Siv are
velocity (see Fid. 12). Unlike other narrow systems seen ov@milar. If both absorptions are produced in the same region this
this wavelength range, the profile of thes®absorption is well means that the column density of 1Si is about a factor of 3
defined and less affected by blending. The equivalent widtlasger than that of Sir.
of the C1v lines measured using a continuum defined locally, As the continuum fitting in the Si region is accurate, the
w=0.24 and 0.13, are consistent with a covering factor closestimate of the covering factor is reliable. The low-resolution
to unity. data indicates that the $i absorption is not located on top

8%.2. system at ~ —9650 km 57!

6.2.1. Narrow lines at ~ —10030 km s~!
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N(H 1) of 4x10' ¢cm~2 for an assumed covering factor of
0.25. For a Mathews & Ferland (1987) ionizing spectrum, the
ionization parameter required to produce the observat &i

Sitr column density ratio is lo§y ~ —2.00. This suggests that
the absorbing gas is weakly ionized compared to the systems
we have discussed above. The model needs [Si28]Si/H]

in order to reproduce the column densities. Note that in this case
the solution depends weakly on the assumed valuegf

6.3. Narrow componentsin the range —9600 < v < —7000
kms™!

From the Civ profiles (see Fid]9), it is apparent that this veloc-
ity range is dominated by absorptions from individual clouds
o 1 superposed on a continuous absorption. It is difficult to disen-
e -| tangle both contributions. The narromC systems have small
H 1 optical depth. This is characteristic of systems associated
with the quasar.
It is interesting to note on Fif] 9 that the residual flux of
O viA1037 is very small and narrow components are barely
75 5 o8 6 visible. This indicates that the continuous gas-component is of
Relative Velocity 109 kms- higher ionization than the other components in the flow. Absorp-
Fig. 13. Absorptions in the velocity range-7300 < v < —6500 tion due to Sirv is_nqt detected_ove_r this v_elocity range. Thus,
km s~1. The zero of the velocity scale is taken at 3.911. The the systems are similar to the high-ionization systems discussed

vertical dashed lines are drawn for illustrative purpose at velociti#y Sect. 5.
discussed in the text.
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6.4. Complex centered at v ~ —7000kms—!

of the Sitv emission line. Thus, a partial covering factor ha,§\S can be seen in FiECL3, there are at least 10 distinct com-
to be explained in terms of one or two of the multiple imag '

. . ) onents (marked with dashed lines) in thexCprofile of this
not being covered. However, the covering factor we derive h mplex. The two strong Lymandines at~ —6800 and—7100
Is larger than what is expected if the gas covers only_ 'mag s are most probably due to intervening systems. The line
and smaller than the expected value if it covers only image = —6800 km 5! (2,1,.= 3.8018) is indeed associated with

This most certainly means that the absorbing gas covers at I‘?ﬁgtfive weak and narrow 6 and Sirv components with the
two of the images and that the optical depths along differella}geSt velocities$ —6850 km s-1)

sight lines are different. Absorptions due to thavdines are The other Qv components have strong associated ab-
strong and both have residual intensit®.20 (covering factor sorption with N(N v) > N(Si 1v), typical of associated sys-

f ~ 0.80). Though this value is somewhat uncertain due to tqgms_ The non similarity of the NA1238 and NvA1242 pro-
non-uniqueness of the continuum fitting, it is larger than tt}ﬁ

lue derived for Siv. It has b b d already i es indicates that there is some blending. As noted before,
value derived for Stv. It has been observed already In Somg, expected position of Lymamfrom the two high-ionization

mini-BALs" that covering factors vary from one transition tosystems at.p.~ 3.90, discussed in Sect.5, coincides with

the other (see e.g. iy, = 2.207 system towards ‘J2233'606N vA1242 in this system. Moreover, the W\1242 line of
Petitjean & Srianand 1999). However, the interpretation of tr‘@ge system ab — — 8120 km s‘lcc;incides with the blue

in the present case is clearly that the ratio of the optical dep %g of the NvA1238 absorption. The strong absorption in the
of Si1v and Civ along different sight-lines are different. N vA1242 profile aty — — 6990 km s lis most certainly

The Lymane line at about the same velocity is most cery,

. . ) ; yman- at z,ps = 3.904 with possible N’ but no Ov1 associ-
tainly from an intervening system at,,s ~ 3.7584 associated ated absorption.

with two weak Crv and Sirv nharrow components (marked by T ;
. . From the Nv\1238 profile it is clear that the gas producing
—1 [
doited _Ilne_s at-9440 and —9530 km S on FigLT2). The the Nv absorption covers more than 80% of the background
determination of the H column density in the broad systerrz

e . L ource. Fitting of the unblended @ and Sitv doublets re-
is difficult as the higher Lyman series lines are expected to Sits in covering factors in the range 6.8.9+0.1. It is clear

broad and shallow if the covering factor is 0.25. However Weom Fig[T3 that the apparent optical depth of M the range

note that the residual flux at the expected positions of Ly-6,,- "~ " 5900 km s~ is much smaller than the ap-

and Ly-7 are smaller th"fm 0.25 suggesting th_at these ”nes’_i[ﬁ“ent optical depth of @ and Nv. This suggests that these
all present, are not heavily saturated. We obtain an upper “m'tgynstems are very similar to the systems discussed in Sect. 5.
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6.5. The velocity range —6000 < v < —4000 kms~? 1

The absorption profiles in the velocity range considered her’ |
is mainly due to broad lines (see Higl 14). The component ‘at
v = —5350 kms! is defined by QvA1548 , Nv and =~
O v1 absorptions. The width of the absorptions is consisteht
with the definition of “mini-BAL". It can be seen on Fig. 114 that0 L
the optical depth increases dramatically fromtd O vi (note 1 r-
the weak but significant residual in @A1037 ). This clearly
suggests thatv(O vi) > N(C 1v) and that the ionization of 9
this system is very high. ;
The component at = — 4700 km s™! is defined by o~
C1v, Sitv, N v and Ovr absorptions. The two lines of the [
C 1v doublet are partially blended. The width of the lines is,
~ 1500 km s~!. The SirvA1393 profile has a width of 450 *F
kms~!. The SitvA1402 line is blended with the ©X1548 from ‘
Zabs= 3.3776. As the latter intervening system is itself heavily~
blended, unique profile decomposition is not possible and it
is difficult to remove the Gv\1548 contribution to the broad? - ‘
SitvA1402 profile. The important observation is that the resid+ 3
ual intensities of OviA1031 , OviA1037 and NvA1238 are 0F& e
larger than that derived for the componenwat= — 5300 0 > 2 e V;focity S e e 2
km s~! while it is the opposite for the @ residual intensity.
This probably indicates that this system is of lower ionizati
compared to the “mini-BAL” at,;,s = —5300 km s!.

dﬂg 14. Absorptions in the velocity range 5700 < v < —4200

s 1. The zero of the velocity scale is takerzat 3.911. The vertical
doted lines are drawn for illustrative purpose at velocities discussed in
the text.

7. Line-locking

Several mechanisms have been proposed to explain the acceler-
ation of BAL winds (see a review by de Kool 1997). One of the .-
signatures of acceleration dominated by line radiation pressur
is the presence of line-locking (e.g. Q 1303+308 in Foltz et al{
1987; NGC 5548 in Srianand 2000). We searched the spectru S O R 3

of APM 08279+5255 for such signatures in the\Cvavelength | [ NV doublet splitbing | = 10 0 0 |
range. We note that some of the velocity separations betwegn -9 -85 -8 7.5 -7
the “mini-BALs” are close to the Siv and Ovr doublet split- | [~ T T
tings. However as the individual lines are broad, the probability
of such occurrence by chance is high. More striking is that most
of the narrow Crv systems have a “companion” system with | .. .
a velocity difference corresponding to the velocity splitting of |-~ e N N
the Sitv, N v or O vi doublets with line centroids coinciding || si v douslet splitting © 1 . 1 . . . 1L . .1
within 5 km s™!. The maximum number of matchings occurs 74 7.2 -7 -6.8 -6.6 -6.4
at the velocity separation of the @ doublet as expected for -
a high-ionization system. As an illustration we show in Eig. 15
the components with velocity separations equal to therO |
N v and Sirv doublet separations. We believe that the data are
indicative of the presence of “line-locking”.

O VI fopiblet splitting . ., . . . b .. L
-8 7 6
Relative velocity (103 kms™1)

8. Summary

8.1. Low-ionization systems Fig. 15. Velocity separations of narrow absorption lines in the BAL

Two of the narrow absorption systems (at. = 3.8931 and outflow. The solid line is the observedi€ profile. The dotted line is
° ' e Crv profile shifted by different doublet splitting: N, Sitv and

Zébs :S?i).gl,iIS), Svr:/?]wrabsorgtlornsti frr?n}rSIr?]g&/ |23|zoed spr)ec%.l,w for the upper, middle and lower panel respectively. The vertical
(Cu 1 11) whereas absorptions fro a VIAr€ ashed lines |nd|cate the places where the centroids of lines match
weak or absent. Absorptions from excited fine structure 1€yihin 5 km 5!

els of C1r (excitation energy corresponding to 1B6) and
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Si11 (excitation energy corresponding to;34) are detected at 8.2. High-ionization systems

Zabs = 3.8931. The relative column densities are consistent wi{.h e .
he high-ionization associated systems:af, = 3.90-3.917
th_e shape Of.th? lR. spectrum of APM 08279?5255' Toget.hﬁ(redshifts very close or even larger than the assumed intrinsic
with the low-ionization level of the system, this favors a pict shift, .., = 3.91, see Fig. 8) have been shown to have metal
“em — - ’ . -

ture where the cloud is closer to the IR source than to the UV. U
i . . iCities larger than solar for a Mathews & Ferland ionization
source. This supports the idea that the extension of the IR sour¢e

is larger than~200 pc. Alternatively, if the excitation is due totshp:grﬂml' gstrr:]lzlgeds_?gt,grée P?X'mg;?.r:'fet';::faal.lggzcrj f?rl-
collisions, the electronic density must be larger than 100tm - gy s v.c Lyr, suggesting P!

The dimensions of the cloud along the line-of-sight is of thmatlon occurs. We note that the relatively lowiNo C1v and

order of 0.006 pc and'50A/k times larger in the perpendicular8 VI column den_S|ty ratios COL.“d be at gdd W't.h the standa_lrd
direction in order for the covering factor to bed7% (: is the rapid star-formation models discussed in the literature which

amplification factor and could be as large as 100). Excited fir%red'ct larger values (Hamann & Ferland 1993; Matteucci &

structure lines are not detected in thg, = 3.9135 system. This adovani 1993). However itis known that BALQSOs are X-ray

suggestshat he loud s e avay o he QSO compeH T 9D o Xy pecte) oo = L0 (Oreer
to thez,,s = 3.8931 cloud. Using photo-ionization models with R P
) . . . sponds taxpx = 1.40. If the cloud is ionized by a spectrum
and without attenuation by associated systems acting as a scréen . . : .
. With aox > 1.9, observations are consistent with metallicities
between the QSO and the gas, it is shown that abundances ar .
of the order of solar or slightly smaller.

Z ~ Zo ar_1d 0.017¢ at z,p,, = 3.8931 an_d 3.9135 respec- The broad Qv absorption profile has a complex structure.
tively. All this suggests that whereas thg,;= 3.8931 system Igtshows mini-BAL absorptions (of widtk: 1000 km s-!) and

Is probably located within 200 pc from the QSO and ejected narrow components superposed on a continuous absorption of
a velocity larger than 1000 knTs, the zuy,= 3.9135 system smaller optical depth. There is a tendency for mini-BALs to

must be farther away and part of the host-galaxy. . . . . ) .
Aluminum could be over-abundant with respect to siIicoggvﬁjdt;zzregttg.ogﬁ.“g?gicgtorrsczo::get[]inésl_pReg'r%s' Qg)a.'cr;r'].th;

and carbon atleast by a factor of two and fivegt =3.8931and u duetolonizall uctu uetoloniz
gradients in the flow. It is shown that the covering factors

i . ion
3.9135 respectively. Such enrichment has already been obsetI\P d . .
by Ganguly etal. (1998) in a system with a velocity separation a few of these absorbing clouds, which are well detached

10000 km s! with respect to Q1222+228. Itis well established 2" the corresponding broad emis_sion line profi_les, are most
that in Galactic halo stars and field dwarfs the odd-Z eleme rsobably due to the cloud not covering the three images of the

(Na, Al, CI, P, Mn and Co) have metallicities relative to irer_nsed quasar. If true, this would put strong gonstraints on the
smaller than solar by about a factor of 3 for iron metallicitie Imensions of the clouds. HST spegtroscqplg opservatlons of
in the range—3.0 < [Fe/H] < —1.0 (Timmes et al. 1995). the three images are needed to confirm this findings. The con-

Converselya—chain elements (O, Ne, Mg, Si, S, Ar, Ca an(tfnuous absorption is much stronger ilv@indicating that the

Ti) generally have metallicities relative to iron larger than soléljr'ffuse componentis highly ionized compared to the other com-

by about a factor of three for [Fe/K] —1.0. The aluminum ponents in the flow. This suggests that the absorption structures
and silicon metallicities measured in damped Lymasystems are_?#ee tHOId((:aonltsjlrtri/r:nggr:ggg?;]igl:?rm:i?g;ﬁ ]i‘lsm;vr.nall sua-
follow these trends (Lu et al. 1996). In rapid star-formation . density in i g
models. massive star formation is favored and leads to hiﬁﬁstmg large metallicities as is commonly found in associated

. . o : rrow as well as broad absorption systems. However, there is no
enrichment of aluminum and silicon with respect to carbon an

nitrogen (Ferland et al. 1996). But [Si/H] is always larger thaf sorption from Alir and Pv contrary to what is seen in some

[Al/H]. Large [Al/Fe] ratios are observed in bright giant stargr% the BAL systems. Indeed, Shields (1997) derived overabun-

in mildly metal-poor globular clusters (lvans 1999). Variougance of aluminum compared to silicon, [AI/Si] = 6IAVS]

correlations between different element abundances suggestglll rtle BAL outflows of Q1101+091, Q1231+1325 and Q1331-

the abundance pattern is most likely due to very deep mixiggocy, USiNg photo-ionization models with a Mathews & Fer-
P >y Y P P d (1987) spectrum and ionization parameters in the range
and proton-capture nucleosynthesis (see Langer et al. 1997

r A
a review). However, although [Al/Si] is found larger than solal[_,(i'5< logU < 1.00. He also noted that there are indications for

the excess is quite smak(0.2 dex) and indeed much smalle Al/Si] being several times larger than solar in the BLR of some

: SOs. The Aliit to Sitv optical depth ratio is less than 0.10
than the factor 20 we observe in thg,; = 3.9135 system. Q . .
Enrichment of aluminum with respect to silicon is found the mini-BALS seen in the spectrum of APM 08279+5255.

in the ejecta of classical novae (Andrea et al. 1994; Gehrz 8 the above ratio depends only weakly on the ionization pa-
r%‘neter forlogU > — 0.50 (Hamann 1997), we can use a

al. 1998). Therefore, the over enrichment of odd nucleus cou . . . .
. : L S mple scaling of the analysis of Shields (1997) to derive that
be explained if the absorption is produced by individual nov USi] <2 [AlISi] 0.

shells (Shields 1996). However, novae shells invariably produce Finally we tentatively identify narrow components within

very high metal enrichment and high values of [N/C] comparef\ e BAL-flow which have velocity separations very close
to solar (Petitjean etal. 1990; Andrea et al. 1994), which conflléz S 1 . :
within 5 km s*) to the Ovi, N v and Sitv doublet split-

with the present observations. : . . . .
P tings. This strongly suggests the existence of “line-locking” and
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points towards radiative acceleration as an important processiamann F., 1997, ApJS 109, 279
driving the outflow. Hamann F., Barlow T.A., Junkkarinen V., 1997a, ApJ 478, 87
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