
Investigating Massive Outflows around Young Radio Galaxies

Massive outflows are known to exist, in the form of extended emission-line regions (EELRs), around about one-third of the FR II radio sources. Current evidence suggests that the EELRs are formed
by outflowing gas driven by the radio jets. We investigate the origin of these EELRs by studying the outflows from Compact-Steep-Spectrum (CSS) radio galaxies, which are younger (103 to 104

years old) versions of the FR II radio galaxies. We search for and analyze the EELRs around 10 CSS sources by taking integral field spectra of these objects using GMOS on Gemini North.
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We observed 10 CSS radio galaxies in one-slit mode
on GMOS IFU. The IFU data not only gave us the
spatial and velocity information of the extended
emission-line regions, it also simultaneously provided
the continuum image to both the red and blue side of
the emission-line, allowing good subtraction of the
continuum contribution to the emission-line slices.

Figure 1. Example of Continuum subtraction. Left panel: Continuum image.
Middle panel: Extended emission-line region slice, before subtraction. Right
Panel: After continuum subtraction

Figure 2. GMOS IFU data for four CSS radio galaxies. HST narrow-band image (when available) and radio data are shown for each object.

For each target, we extract the data cube around the
[O III] λ5007 emission line, where the extended
emission-line cloud emits most of its light. By stepping
through the data slices along the [O III] line, we were
able to observe the variations in the velocity structure
of the clouds.

Examples of these velocity slices are shown on the
panel to the right. Continuum contributions were
subtracted from each panel and a white diamond
indicates the location of the continuum peak. Radio
contours and HST emission-line images for each target
are displayed when available

In general, the brightest features of the EELRs tend to align with the
radio axes quite well. In some velocity slices of 3C49, the extended
emission appear to follow the bend in the radio structure, suggesting
that the emission-line gas is at least partially entrained in the radio jets.
For targets with 2-sided emissions (corresponding to the 2 radio
lobes), the velocity slices show one side distinctly more redshifted and
the other side more blueshifted, as expected for materials entrained in
radio jets slightly tilted with respect to the plane of the sky.

A significant fraction of the EELRs around 3C 303.1 is clearly
misaligned with the radio structure. The HST image shows the EELR
bending away from the radio emission at radii larger than 0.5”. Since
the EELRs closer to the center is better aligned with the radio axes, it
is possible that the outflowing gas began by being entrained in the
radio jet, but a different mechanism took over at a larger radii,
accelerating the gas out of its original path. The velocity field of the
EELRs around this object does not appear to be significantly different
from the others.

Assuming that the optical continuum peak of PKS0023-26 is at the
center of the double radio lobes, we’ve only detected outflows
corresponding with the lobe extending to the northwest. If there are
outflows corresponding with the other lobe, it must be at least 2 orders
of magnitude fainter than the observed outflow. It is unclear why the
southeast radio jet did not produce a similar EELR.

Figure 3. Spectrum of 3C303.1 extracted from the data cube. Strong emission
lines are detected.

Compact-Steep-Spectrum (CSS) radio sources are very
compact. They are small because they are still very young
and their radio lobes did not have time to extend beyond
the optical scale of the galaxy yet. By studying the EELRs
around CSS sources, we are catching these outflows at
their infancy and we expect a very close connection
between the radio structure and the EELR morphology.

Radio galaxies have radio lobes that are more aligned with
the plane of the sky, which is a more favorable projection
for our purpose (as opposed to quasars that have radio
axes more aligned with our line of sight). Therefore, CSS
radio galaxies are ideal targets for studying the relationship
between the outflows and the radio jets at their early
stages.
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Some EELRs are have other emission lines bright enough to
be detected in our observations. These emission line ratios
can be used to constrain other physical properties of the
EELRs such as density and metallicity.

Future Work


