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BAL QSOs are still a not-well understood class of objectsthim UV spectra they show Broad
Absorption Lines (BALS) in the blue wings of the UV resonatiices, due to ionized gas with
outflow velocities up to 0.2 c. Two different models have bpemposed to explain this phe-
nomenon: in the orientation model BAL-producing outflowswsld be present in all QSOs, but
seen only when they intercept the observer’s line of sighthé evolutionary model BAL QSOs
are young sources still expelling their dust cocoon.

We performed VLBI observations with both the EVN (4.8 GHzjlan BA (4.8 and 8.4 GHz)
to map the pc-scale structure of the brightest radio-loydatb of our sample. A variety of
morphologies and orientations have been found: 5 BAL QSGstital of 9 observed sources
have a resolved structure, with a linear sizd kpc. In some cases the spectral index analysis of
single components suggests a beamed emission toward thevelysn other cases a symmetric
structure is evident from the map. From VLBI observationd BASOs do not seem to have a
preferred orientation. Dimensions are typical of young &FSS sources. This evidence could
indicate an evolutionary scenario for the origin of thissslaf quasars.
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Table 1: Sample of 9 radio-loud BAL QSOs studied in this paper. Colutria the redshift as measured
from the SDSS, column 5 and 6 are flux densities measured héti't A and presented in [2].

Name RA DEC z Sig S Telescope
(J2000) (J2000) (mJy) (mJy)

1) (2) () (4) (5) (6) )
0756+37 075628.24 +371455.6 2515 226220 142.11.8 VLBA
0816+48 081618.99 +482328.4 3572 3105 19.5:0.5 EVN
1005+48 100515.98 +480533.2 2.384 121130 83.6:1.1 VLBA
1014+05 101440.35 +053712.6 2.013 346 25.H0.5 EVN
1102+11 110206.66 +112104.9 2.350 3088 19.9:0.7 VLBA
1237+47 123717.44 +470807.0 2.270 62130 61.6:1.6 VLBA
1327+03 132703.21 +031311.2 2.827 157 56.5:0.7 EVN
1406+34 140653.84 +343337.3 2565 312381 276.3:3.0 VLBA
1603+30 160354.15 +300208.7 2.031 34H4 26.9:-0.6 EVN

1. Introduction

The nature and origin of BAL QSOs are still open issues in taméwork of AGN morphol-
ogy and evolution. The distinguishing characteristicshid tlass of object415% of the entire
QSO population) reside in their UV spectra, where Broad Afition Lines (BALS) are present in
the blue wings of the UV resonance lines, due to ionized g#s eitflow velocities up to 0.2 c.
Some evidence allowed several authors to propose an enwduyi scenario ([1, 8]), in which this
phenomenon is due to the young age of these objects: theat&@N would still be expelling
the enveloping dust cocoon. The duration of this phase veiipect to the total life of a QSO
would account for the 15% of BAL QSOs found in the entire pagioh of QSOs. This view was
supported by some experimental evidence ([5, 2, 7, 4]). Aentational model proposed by [3]
foresees BAL outflows to be present in all QSOs, but only whesé intercept the observer’s line
of sight the BALSs are detected. In this case the dimensiohetblid angle of the outflow would
account for the percentage of BAL QSOs.

In previous works by our group ([5, 2]) no particular origiga has been found studying the spec-
tral index of the synchrotron spectra, so we embarked on al\pk@ject to test the inner structure
of the QSO.

2. Radio observations

We used the VLBA for 6 sources in C and X-band (4.8 GHz and 8.4)&d the EVN in
C-band for other 5 fainter sources.
0756+37: This source displays a nice double structure both in C afhixds. Component A has
an integrated flux density of 535.9 mJy in C-band and 4881.8 mJy in X-band, component B
88.2+:8.8 mJy in C-band and 7227.2 mJy in X-band. These values give a spectral index of -0.34
for A and -0.36 for B: both are flat spectrum sources. The saijoar between the centres of the
two components is 2.1 mas that translates into a linear $iaelp 17 pc.
0816+48: This source shows a compact morphology, except for thecfrgiour (3e), where faint
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SE and NW extensions seem to be present. The flux density neelasi?26.9-2.7 mJy. From the
major and the minor axis of the Gaussian fit (6.8 and 4.7 ma)amenfer an upper limit of 51
and 35 pc, respectively.

1005+48: In this case no resolved structure has been detectedr &itlleor in X-band, so just an
upper limit for dimension can be given from a Gaussian fit efgsburce. Assuming the major and
the minor axis of the Gaussian fitin X-band as an upper limmitifmensions (3.3 and 1.1 mas), we
can put an upper limit to this source of 28 pc and 9 pc, respagti The flux densities at the two
frequencies are 2542.7 mJy (C-band) and 20#2.1 mJy (X-band). The spectral index is -0.44:
with a flat spectrum we can suppose this component to be agetfsam the polar axis.

1014+05: This source presents a composed morphology: the centmli€alearly visible as the
brightest component (A), while a second (B) and a third (Qjpponent are present toward the
north. This could be interpreted as a core-jet structuré) am older faint component (C) with a
flux density of 2.7-0.6 mJy and a younger hotspot (B) with a more visible emis§icti=1.0 mJy),
while the core (A) has a flux density of 18:3.1 mJy. The distance between A and C component
is 26.6 mas, with a corresponding linear size of 228 pc.

1102+11: A symmetrical structure is clearly visible, with a strongngponent in the centre (A)
and a fainter component toward NE (B). The first has a flux demdi28.1+3.0 mJy in C-band
and 16.9-1.8 mJy in X-band, while the second is present only in C-baitt & flux density of
10.7A41.7 mJy. This allows one to calculate a spectral index of #6t@he A component, that
could suggest an equatorial point of view for this sourcee €ktension as calculated from the
C-band image is 4.1 mas, thus 34 pc.

1237+47: This source shows a three-component structure, with thagtst in the centre (A) and
the other two toward NW (B) and SE (C). The flux densities ar8-84.0 mJy, 5.21.2 mJy and
11.4+1.7 mJy respectively in C-band, and 46800 mJy, 16.1£2.6 mJy and 14:82.9 mJy in
X-band. Spectral indices are 0.38 for A, 2.0 for B and 0.40tlier C component. The distance
between the two most separated components is 4.2 mas, thimésar size of 35 pc.

1327+03: This is a clear case of an unresolved source. The measuxedkihgity is 80.6-8.0 mJy.
The upper limit for the linear size is 48 pc (6.0 mas) and 141p¢ fhas), respectively on major and
minor axis, but the beam is considerably elliptical in thigpso this is just an indicative value.
1406+34: This is another example of unresolved source, with an ufmérto linear size from
the X-band image of 24 pc on major axis (2.9 mas) and 11 pc oomaixis (1.3 mas). The flux
density in C-band is 81:211.4 mJy while in X-band 195:4120.6 mJy: from these values we obtain
an inverted spectral index equal to 1.57.

1603+30: In this case a symmetric structure can be seen: this coudth lexample of a double-jet
BAL QSO, dominated by the jet emission. Flux densities far different components are (from
east) 18.£1.8 mJy (A), 8.8:1.0 mJy (B) and 1641.6 mJy (C). Dimensions are 9.6 mas, linear
size of 82 pc.

3. Conclusions

5 of 9 sources present a resolved structure, and varioushmlogies are visible. Double, core
jet and symmetric structures have been found, so diffenéan@tions can be argued. Unresolved
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Figure 1. VLBA maps at 4.8 GHz (left) and 8.4 GHz (right) showing thesgale structure of BAL QSOs
0756+37 (top) and 1005+48 (bottom). The synthesised beamisishown in the lower left corner of the
map. Levels are 3 multiples, according to the legend.

sources could be beamed jets towards the observer, likesinafal005+48, or extremely young
sources, like in 1406+34. Linear sizes are constrainedruhd#t@c, so a classification like GPS-
CSS sources is possible. In this case a youth scenario cappesed for BAL QSOs. The variety
of orientations with respect to the observer and the vaoeétyorphologies found imply a com-
plex environment and seem to exclude a simple explanatidAaf QSOs within the orientation
scenario proposed by [3].
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Figure 2: VLBA maps at 4.8 GHz (left) and 8.4 GHz (right) showing thesgale structure of BAL QSOs
1102+11 (top), 1237+47 (centre) and 1406+34 (bottom). Thetlsesised beam size is shown in the lower
left corner of the map. Levels are@multiples, according to the legend.
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Figure 3: EVN maps at 4.8 GHz of four BAL QSOs. The synthesised beaiis stzewn in the lower left
corner of the map. Levels are@multiples, according to the legend.
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