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What ignites optical jets?� y

S. Jester a

aFermilab MS 127, PO Box 500, Batavia IL, 60510, USA (jester@fnal.gov)

The properties of radio galaxies and quasars with and without optical or X-ray jets are compared. The
majority of jets from which high-frequency emission has been detected so far (13 with optical emission, 11 with
X-rays, 13 with both) are associated with the most powerful radio sources at any given redshift. It is found that
optical/X-ray jet sources are more strongly beamed than the average population of extragalactic radio sources.
This suggests that the detection or non-detection of optical emission from jets has so far been dominated by
surface brightness selection e�ects, not by jet physics. It implies that optical jets are much more common than is
currently appreciated.

1. Introduction

In the standard model for Active Galactic Nu-
clei (AGN), jets transfer mass, energy (kinetic
and electromagnetic) and momentum from the
central object into the surrounding medium. Liu
and Zhang (2002) recently compiled a list of ra-
dio jets from the literature. Adopting the def-
inition from Bridle and Perley (1984), they list
925 jets associated with 661 radio sources. Most
of the jets have been identi�ed by their radio
synchrotron emission. Only a few of them also
show optical synchrotron emission. Based on the
most recent list of optical jets by Scarpa and Urry
(2002) and the list of X-ray jets by Harris and
Krawczynski (2002), I have compiled a list of 26
jets from 26 sources which have optical emission
associated with them3.
Only a few optical jets have been studied in

detail, most notably M87 (e.g., Meisenheimer
et al., 1996; Perlman et al., 1999, 2001) and,
in fewer bandpasses, 3C273 (e.g., R�oser and
Meisenheimer, 1991; Jester, 2001, and references
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3The full list with references is available online at
http://home.fnal.gov/~jester/optjets and will be con-
tained in a forthcoming publication. The following opti-
cal jets are not in Scarpa and Urry (2002): 3C 31, PKS
0637�752, B2 0755+37, PKS 1136�135, PKS 1150+497,
3C 279, 3C 293, PKS 1354+195, 3C 303, B2 1553+254, B2
1658+30A, 3C 380.

therein), but they have hardly been considered
as a class of objects. The small number of known
optical jets suggests the conclusion that they are
very rare objects. This would, in fact, be ex-
pected from synchrotron physics: the magnetic
�elds expected in jets are of order of a few nan-
oTesla. This means that the loss timescales for
electrons emitting optical synchrotron radiation
are of order 1000 years or shorter, while typical
arcsecond-scale jets have lengths from a few up
to a few hundred kiloparsec. Thus, it seems nat-
ural that the frequency �c at which a jet's power-
law spectrum cuts o� lies below the optical wave-
length region in most cases.
However, in most jets where optical emission

has been observed, it extends over scales much
larger than the lifetimes of \optical" electrons
would permit. Scarpa and Urry (2002) showed
that on average, optical jets are suÆciently rel-
ativistic to remove the lifetime discrepancy by
time dilation, without the need for reacceleration
of particles within the jets (before this, Sparks
et al., 1995, had already shown that all optical
jets known then are probably beamed). Still, at
least in 3C273's jet in-situ acceleration is neces-
sary to explain the observed optical synchrotron
emission, in particular because very strong beam-
ing increases the energy loss by inverse Comp-
ton scattering of microwave background photons
(Jester et al., 2001). Moreover, the X-rays from
many jets are explained as synchrotron emission
as well (Harris and Krawczynski, 2002) { with
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much shorter loss timescales than in the optical,
and correspondingly a more severe lifetime dis-
crepancy which is harder to remedy by relativistic
e�ects.
It appears thus that the number of optical and

X-ray jets is small because some special physical
conditions are necessary either to switch on the
extended acceleration mechanism (whose nature
remains elusive), or to accelerate the correspond-
ing electrons near the AGN's core and allow their
escape to kiloparsec scales. However, in direct
contradiction to this, Capetti et al. (2000) noted
that the detection rate of optical jets in the B2
radio survey implies they are \not particularly
rare".
Here I make an attempt to �nd out what

the required physical conditions are, and indeed
whether they are special. Like Sparks et al.
(1995), I �nd that beaming plays a role, and that
more work is necessary before we can get beyond
the observer-dependent beaming to the intrinsic
physical conditions.4

2. A case study: 3C273

In this place, I only brie
y mention an idea
which could help to explain the onset of bright
high-frequency emission in the jet in 3C 273,
where beaming alone cannot explain the observed
optical emission. This jet has a divided appear-
ance, with a continuous radio jet extending out to
21:004 projected distance from the core, but with
bright optical and X-ray emission only beyond
1200 from the core. In Jester & Krause (ApJ, in
preparation), we suggest that the jet may be lit
up by making a transition from being overdense
to underdense, with a strong shock forming near
the transition region. We show a 2.5D hydro-
dynamical simulation supporting this suggestion.
Full details will be contained in our forthcoming
publication.

3. Optical jets: a beaming selection e�ect?

Synchrotron radio sources are usually assumed
to have approximately power-law spectra, with

4The cosmology is that used by Liu and Zhang (2002):
H0 = 100 km/s/Mpc, q0 = 0:5.

a steep high-energy cuto� at some frequency �c
above which there is no signi�cant emission. An
objective de�nition of an \optical" jet would re-
quire a cuto� frequency beyond the near-infrared.
A statistically complete survey for optical jets
would include a surface brightness limit. Such a
survey does not exist. I have therefore divided the
radio jet list by Liu and Zhang (2002) into sub-
sets: the 26 jets with detected optical emission,
and the remainder as \radio-only" jets. This is in
e�ect a qualitative de�nition of an \optical" jet.
As a third class, I consider X-ray jets (this class

consists entirely of objects already included in the
previous two classes). Seven radio jets show X-ray
emission, but no optical, and thirteen jets have
both optical and X-ray emission. I am not con-
sidering optical or X-ray emission from hot spots,
only from the jet beams themselves.
I �rst consider whether the presence of optical

emission from the jet is related to the core's ra-
dio power. Figure 1 shows that at �xed redshift,
nearly all optical jets are associated with radio
sources which are more powerful than the median
at that redshift. The same is true for X-ray jets.
Conversely, among the sources at a �xed radio
power, only the lower-redshift sources have opti-
cal or X-ray emission. Thus, there is no intrinsic
correlation between core power and the presence
of high-frequency emission.
The histograms in Figure 1 show that optical

and X-ray jets are more likely to be 1-sided than
an average radio jet, although this arises in part
from the correlation between sidedness and jet
power (Liu and Zhang, 2002). Jet sidedness is of
course an indicator for relativistic beaming.
Another beaming indicator is the core promi-

nence ratio R, the ratio of core power (a�ected
strongly by beaming) to extended power (not af-
fected strongly) at a �xed rest-frame frequency
(e.g., Laing et al., 1999). Figure 2 shows the core
prominence ratio of the three classes of jets as
function of extended power. I have computed R

from the observed-frame values for core power at
5GHz and total power at 1.4GHz listed by Liu
and Zhang (2002), assuming a 
at core spectrum
and f� / ��1 for the extended component.
Scarpa and Urry (2002) have argued that the

emission from optical jets is indeed on average
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Figure 1. Left: Core power as function of redshift for extragalactic radio sources with jets (data from Liu and
Zhang, 2002). The median radio power for galaxies without optical jets (solid line) was determined at each redshift
by boxcar-smoothing the radio power over the 15 nearest neighbours in redshift. Right: Histogram of radio powers
for sources with jets, divided by jet sidedness (\1-sided" jets are (roughly) those in which the jet:counterjet ratio
exceeds 4, while all other jets are labeled as \2-sided"). The dotted line shows �ducial power separating FRI and
FRII sources. Note that not all sources from the Hubble diagram on the left have a sidedness determined.

beamed up. But Figures 1 and 2 suggest a
stronger statement: First, all sources with de-
tected radio jets are beamed. Secondly and
more importantly, optical and X-ray jets aremore

strongly beamed than \radio-only" jets. By com-
parison of the jet points with the median rela-
tion for all radio sources (dashed line in Fig. 2),
sources with radio jets in turn seem more strongly
beamed than the radio source population as a
whole. However, in interpreting this result, one
should remember the inhomogeneity of the jet
data set and the relatively crude spectral correc-
tions.
Since the X-ray emission of some jets is ex-

plained as beamed inverse Compton scattering of
microwave background photons (see the overview
by Harris and Krawczynski, 2002), it is expected
to �nd strong beaming for some of the X-ray jets.
However, optical emission is usually shown or as-

sumed to be synchrotron emission (with the pos-
sible exception of the ultraviolet excess observed
from 3C273's jet; Jester et al., 2002), without
reference to beaming. While there may be a phys-
ical connection between the jet's bulk Lorentz fac-
tor and the intrinsic optical brightness (because
more kinetic energy is available to be converted
into relativistic particles, for example), I propose
here that the sample of optical jets detected so
far has overall no special physical signi�cance,
but they have only been detected because their
intrinsic surface brightness has been beamed up
suÆciently.
Just before the time of this writing, a paper ap-

peared as preprint which shows that exactly this
surface brightness selection e�ect can account for
the optical non-detection of all but two jets in
HST imaging of 57 sources from the B2 sample
(Parma et al., 2003). If this holds for all other
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Figure 2. Core prominence, R, against extended

power at rest-frame 1.4GHz, P
(1:4)
e . The solid line

is the median core prominence at each radio power
and is obtained by boxcar-smoothing over 19 neigh-
bouring radio sources in extended power. The dashed
line shows the median relation found by de Ruiter
et al. (1990) for the low-power B2 sample together
with the nearby sources from the 3C catalogue (i.e.,
including both FRI and FRII sources): logRm =

�0:55 log P
(1:4)
e +11:76. It is plotted over the range in

power for which it has been determined by de Ruiter
et al. (1990).

searches, it implies that optical jets are much
more common in all extragalactic radio sources
than has been appreciated so far, and they have
not been detected in signi�cant numbers simply
because they have not been looked for with suÆ-
cient surface brightness sensitivity.

4. Conclusions: Finding more optical jets

The present comparison of the radio proper-
ties of sources with detected optical or X-ray jets
to those with \radio-only" jets has not brought
to light any connection between intrinsic physical
properties and the presence of optical or X-ray

emission. Instead, it is found that optical jets
are more strongly beamed on average than other
radio jets are. I therefore suggest that the en-
tire sample of presently known optical jets is de-
termined mainly by surface brightness selection
e�ects. Like Parma et al. (2003) have done for
the B2 sample, this suggestion has to be tested
by comparing the optical surface brightness ex-
pected from an extrapolation of radio maps with
a suitable power law (f� / ��0:7 represents most
jet spectra well) to the surface brightness limits
of available optical observations. For those jets
without suitably deep observations, the most ef-
�cient search method will employ observations in
the near-infrared. In this way, jets with cuto�s
just below the optical are still detectable. Positive
detections will be followed up by observations in a
second bandpass to determine the spectral index,
and hence the detectability at higher frequencies.
Only with a �rm sample of detections and non-
detections can we analyse the dependence of the
jet's synchrotron cuto� frequency �c on other ob-
servables and thus address the question of what
ignites optical jets.

I am grateful to Martin Hardcastle and
Robert Laing for valuable comments.
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