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Polarimetry of GPS and CSS Sources
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Abstract: The role of radio polarimetry in the understanding of GPS and CSS sources is explored. After
an initial discussion of what can be learned from polarimetry, the expectations of a simple evolutionary
sequence of GPS/CSO to CSS to FR i/FR ii sources are explored. Observational results are then compared
with the expectations. Conclusions include: the GPS category is likely not a single homogeneous class of
objects; Faraday depth effects are very strong inside the inner 3 kpc of CSS and CSO sources; in at least
3C 138 the Faraday screen has very fine scale (subparsec) structure; and there is evidence for increased
ionisation near bends in some CSS jets probably due to jet–ISM interaction. New results on 3C 138, 3C 43,
and 3C 454 are given.
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1 Introduction

Measurements of the polarisation state of the radio emis-
sion from gigahertz peaked spectrum (GPS) and compact
steep spectrum (CSS) sources can give a great deal of
information about the physical conditions inside and in
front of the emitting region.

At wavelengths where the source is optically thin
to synchrotron self absorption, the emitted radiation is
strongly linearly polarised and the E-vector of the emis-
sion is perpendicular to the direction of the magnetic field.
In regions where the field is well ordered, the fractional lin-
ear polarisation can approach 70%. Disordered magnetic
fields will reduce the fractional polarisation.

An effect that is even more important for GPS and
CSS sources which reside inside their host galaxies is
Faraday rotation. A birefringent medium such as a magne-
tised thermal plasma has a different index of refraction for
the two circularly polarised modes which has the effect of
rotating the orientation of the linearly polarised compo-
nent of the transmitted radiation. The amount of rotation

is given by (Pacholczyk 1970)

�� = 0.93 × 106

(2πν)2

∫
NeH‖ ds

where ν is the radio frequency of the emission, Ne is the
electron density, and H‖ is the component of the magnetic
field parallel to the direction of propagation. The ‘rotation
measure’ is the amount of Faraday rotation expressed in
rad m−2.

As can be seen from this equation, the Faraday rota-
tion is proportional to the wavelength squared and can
be determined from observations at a number of wave-
lengths, giving an integral along the line of sight of the
thermal electron density times the parallel component of
the magnetic field. Strong variations of Faraday rotation
across the telescope beam will reduce or ‘depolarise’ the
observed fractional polarisation. This effect can, and fre-
quently does, completely depolarise regions of emission,
especially at longer wavelengths.
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Figure 1 Cartoon representations of the relationship between GPS and CSS sources and the host galaxy. Left: GPS/CSO source entirely
interior to NLR. Centre: CSS source larger than NLR. Right: CSS jet bent by interaction with a cloud in the host ISM.

2 Expectations

The following discussion is in the context of the com-
monly accepted scenario (O’Dea 1998) that GPS/CSO
galaxies are recently born radio galaxies that will grow
into CSS sources that eventually grow into the classical
extended radio sources. According to this scenario, the
GPS/CSO and CSS sources reside inside relatively gas-
rich host galaxies. If the ISM in the host is sufficiently
dense, it may block the radio source from expanding into
the intergalactic medium. In any case, interaction between
the radio jet and the ISM should be evident as optical line
emission and Faraday effects in the ISM. These cases are
illustrated in Figure 1. HST observations of a number of
CSS sources (Axon et al. 2000) show optical line emis-
sion associated with the radio jets confirming the jet–ISM
interaction.

Since GPS/CSO sources are thought to be very young,
they will reside in the inner regions of the host and will
largely be confined to the narrow line region (NLR) with
its relatively large column densities of plasma.Very strong
Faraday effects are to be expected in these sources, likely
completely depolarising them at longer wavelengths.Also,
the cores in CSO sources are generally very weak so the
expectation is that any variations should be slow and weak.

CSS sources, while still subgalactic in size, frequently
exceed the size of the NLR, so Faraday effects in the outer
parts of these sources should be less than in the inner
regions. However, jet cloud interactions anywhere in the
galaxy may give rise to local enhancements in the plasma
density, hence local Faraday rotation. As jet–cloud inter-
actions will likely deflect the jet, enhanced Faraday effects
(either rotation or depolarisation) are expected near the
bends that are common in CSS jets. This is illustrated in
the rightmost panel of Figure 1.

3 Observations: GPS Sources

One measure of the total Faraday effects on a source is
the integrated polarisation of the radio emission from the
source at a low frequency. In order to consider this issue,
the GPS sample of Stanghellini et al. (1998) was matched

Figure 2 Fractional polarisation at 1.4 GHz from the NVSS survey
plotted against the frequency of the peak in the spectrum for the GPS
sample of sources from Stanghellini et al. (1998).

with the NVSS catalogue (Condon et al. 1998) which con-
tains integrated total and linearly polarised intensities. The
expectation is that the smaller sources will have lower frac-
tional polarisation due to the increased Faraday depth of
the source. The sources in this sample do not all have well
measured sizes but O’Dea (1998) has shown an inverse
correlation between the frequency of the peak in the spec-
trum and the overall size of the source. The results of
the comparison of fractional polarisation against the fre-
quency of the peak in the spectrum are shown in Figure 2
where galaxies are shown as open circles and quasars as
asterisks. With the exception of one galaxy with a low
peak frequency (hardly a GPS source) all the galaxies have
very low polarisation while many of the quasars have some
polarisation regardless of the peak frequency.

If the GPS sources really are very young lobe-
dominated radio galaxies similar to the CSOs, then they
should not have short term variations in total inten-
sity or polarisation. The University of Michigan Radio
Astronomy Observatory (UMRAO) has been monitoring
a number of GPS sources for several decades.1

1http://www.astro.lsa.umich.edu/obs/radiotel/umrao.html
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Several of the GPS objects being monitored by
UMRAO show rather more variability than is expected
in the young radio galaxy scenario (M. Aller 2002, private
communication). 4C 66.22 shows only weak fluctuations
in total intensity but large time variations in polarised
intensity and orientation. The source B1127-145 is vari-
able in total and polarised intensity and orientation but
mostly maintains its GPS spectrum; however, for much of
1999 its spectrum was flat between 4.9 and 14.5 GHz.

Circular polarisation in any extragalactic radio source
is very weak but the most strongly circularly polarised
source in the study by Homan, Attridge, & Wardle
(2001) — B0743-006 — is also in the sample of
Stanghellini et al. (1998). The observed circular polarisa-
tion is possibly the result of Faraday conversion of linear
into circular polarisation by thermal plasma mixed with
the synchrotron emitting relativistic plasma.

A VLBI study of 21 CSO sources at 8.4 GHz by Peck
& Taylor (2000) did not detect linear polarisation in any
and set upper limits of about 0.5%. This suggests that
the low polarisation is not due to beam depolarisation and
the relatively high frequency suggests a very high Faraday
depth if the low polarisation is the result of Faraday
depolarisation.

4 Observations: CSS Sources

A sample of CSS and GPS sources is given in Fanti et al.
(2001). Since CSS sources are generally comparable or
larger than the size of the NLR, the Faraday depth should
be less, allowing larger amounts of linear polarisation to
escape. A plot of the NVSS fractional polarisation against
largest linear size of this sample is shown in Figure 3.
This figure has a rather unexpected result: sources smaller
than 6 kpc in extent are very weakly polarised, whereas
sources larger than this can have up to several per cent inte-
grated linear polarisation. Since the linear size includes
both the jet and counter-jet sides, this suggests that there
is an abrupt change in the properties of the ISM at a radius
of approximately 3 kpc.

It has long been recognised that CSS sources were
prominent among those with very large integrated rota-
tion measures (Taylor, Inoue, & Tabara 1992; Inoue et al.
1995; Junor et al. 1996). High rotation measures have been
found in the nuclear regions of some CSS sources, for
example OQ 172 (Taylor, Venturi, & Udomprasert 1998)
and 3C 138 (Cotton et al. 1997). Furthermore, the high
rotation measure component in 3C 138 has a detectable
motion and the variable rotation measure indicates very
fine structure in the Faraday screen. Preliminary results of
a monitoring project of the Faraday rotation of this com-
ponent are shown in Figure 4. These variations of Faraday
rotation suggest that there is structure in the Faraday screen
on the subparsec scale.

Regions of high rotation measure have also been
reported near the bends or other jet–ISM interactions in a
number of CSS jets, for example 3C 119 (Flatters 1998;
Nan et al. 1999), 3C 216 (Lüdke et al. 1998; Taylor et al.
1998), and B0548+165 (Mantovani et al. 2002).

Figure 3 Fractional polarisation at 1.4 GHz from the NVSS survey
plotted against the largest angular size for the sample of CSS/GPS
sources from Fanti et al. (2001).

3C138: Rotation measure of first knot in jet at 6 cm

3C138: Distance to first knot in jet at 6 cm
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Figure 4 Separation of the polarised nuclear feature from the core
(upper) and its Faraday rotation (lower) in the observer’s frame
of a polarised, moving component near the nucleus of the CSS
quasar 3C 138. In the source frame the rotation measures are a factor
((1 + z)2) of 3.1 higher.

Rotation measure observations of two CSS quasars
with bent jets by theVLBA at 18 cm wavelength are shown
in Figure 5. 3C 43 (Figure 5, left) is weakly polarised but
shows enhanced Faraday rotation in the region of the bend
in the jet. The other source, 3C 454 (Figure 5, right), is
more strongly polarised but has relatively large rotation
measures from the core (top) until the jet reaches the south-
ern knot where the jet is deflected to the west. At this knot,
the Faraday rotation is lower than further upstream in the
jet. This could possibly be caused by the jet nearly drilling
through the deflecting cloud reducing the Faraday screen.
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Figure 5 Left: Total intensity contours of 3C 43 at 1.7 GHz with polarised intensity in colour. Inset plots show the run of
polarisation angle with wavelength squared at selected locations. The cross in the lower left indicates the resolution. Right: As
for left but for 3C 454.

A similar effect has been seen in B1524-136 (Mantovani
et al. 2002).

5 Conclusions

The polarisation properties of the GPS/CSO sources are in
good agreement with the expectations of the young radio
galaxy scenario: they are strongly depolarised. However,
there are a number of sources, especially quasars, with
GPS spectra which show significant linearly polarised
emission which may also be time variable. It is not clear
that these sources fit into the standard evolutionary picture
as newly born radio galaxies and may simply be blazars
with a single dominant component or intervening free–free
absorbing screen.

The well-studied CSS sources have polarisation prop-
erties in agreement with the general expectations of the
evolutionary scenario; smaller sources are more depo-
larised than larger ones. However, this distinction does
not appear to be a gradual increase in polarisation with
source size but a discontinuity at a total source size of
about 6 kpc. This needs further study but could be related
to the outer boundary of the NLR. Observations of 3C 138
suggest very fine scale structure in the Faraday screen.

A number of CSS sources with bent jets appear to have
increased Faraday rotation associated with the bends in the
jets, supporting the presumption that much of the plasma
in the objects is due to jet–ISM interactions. New data are
presented on 3C 43 and 3C 454.
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