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ABSTRACT

We present results from an extensive synthetic observation analysis of numerically-simulated radio
galaxy (RG) jets. This analysis is based on the first three-dimensional simulations to treat cosmic ray
acceleration and transport self-consistently within a magnetohydrodynamical calculation. We use stan-
dard observational techniques to calculate both minimum-energy and inverse-Compton field values for
our simulated objects. The latter technique provides meaningful information about the field. Minimum-
energy calculations retrieve reasonable field estimates in regions physically close to the minimum-energy
partitioning, though the technique is highly susceptible to deviations from the underlying assumptions.
We also study the reliability of published rotation measure analysis techniques. We find that gradient
alignment statistics accurately reflect the physical situation, and can uncover otherwise hidden infor-
mation about the source. Furthermore, correlations between rotation measure (RM) and position angle
(PA) can be significant even when the RM is completely dominated by an external cluster medium.
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I. INTRODUCTION

Radio galaxies (RGs) play an important role in the
study of large-scale magnetic fields. Not only do they
constitute invaluable tools for studying cluster fields
(e.g., see the papers in these proceedings by Clarke and
Johnston-Hollitt), but also there is mounting evidence
that RGs directly influence the evolution of large-scale
fields (e.g., Nulsen et al., 2002, see also the paper by
Li in these proceedings). Critically evaluating the ob-
servational analyses used to characterize RG magnetic
fields is therefore a valuable exercise.

Detections of inverse-Compton scattered cosmic mi-
crowave background photons (hereafter IC/3K emis-
sion) can be combined with radio synchrotron observa-
tions to extract information about RG magnetic fields
(e.g., Harris & Romanishin, 1974; Cooke, Lawrence, &
Perola, 1978; Harris & Grindlay, 1979). An alternative
method for deriving field values makes use of minimum-
energy (ME) arguments. This is useful when X-ray ob-
servations are unavailable, although conclusive theoret-
ical arguments for equipartition between radio-emitting
electrons and magnetic fields remain elusive.

Both field measurements require assumptions about
the particle and field distributions, such as volume fill-
ing factors, spectral cutoffs, and other parameters that
are not directly accessible to observations. Further-
more, the standard IC/3K and ME calculations are
based on a uniform magnetic field geometry and a pure
powerlaw distribution of particles. Yet these assump-
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tions are highly unrealistic in many situations.
Rotation measure (RM) maps of extragalactic radio

sources fall prey to similar difficulties, because often
the distribution of thermal magnetoionic plasma (the
“Faraday screen”) is unobservable. While most RM
data support the notion of a Faraday screen that is
physically distinct from the synchrotron-emitting lobe
plasma, uncertainties in the character of the Faraday
medium can lead to vexing ambiguities. For instance,
one question is whether systematic surveys of clus-
ter RM values suffer contamination from background
galaxies (Rudnick & Blundell, 2003; Ensslin, Vogt,
Clarke, & Taylor, 2003).

Synthetic observations are an ideal tool for investi-
gating these issues. The technique combines minimal
use of simplifying assumptions with complete knowl-
edge of the actual physical conditions in the source.

II. NUMERICAL METHODS

Our numerical methods have been detailed in Jones,
Ryu, & Engel (1999), Tregillis, Jones, & Ryu (2001),
and Tregillis, Jones, & Ryu (2004) (hereafter TJR04).
We refer the reader to those papers for a complete de-
scription. In short, we follow the bulk flow through
a three-dimensional total variation diminishing (TVD)
Eulerian ideal MHD scheme. Within the nonrelativis-
tic bulk MHD flows, we evolve a passive population
of relativistic electrons (Ee ≤ 10 GeV) through the
standard particle kinetic equation. The particle evo-
lution is treated self-consistently, incorporating first-
order Fermi acceleration at shocks as well as adiabatic
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and radiative cooling.

(a) The Models

The passive nature of the nonthermal electron pop-
ulations enabled us to conduct several numerical sim-
ulations of the same dynamically-identical jet, each
focused on a different set of cosmic ray (CR) para-
meters. The dynamical model consisted of a light
(ρjet/ρamb = 10−2), supersonic (Mjet = 8), magne-
tized (Bφ = 2Bx0(r/rj) for r ≤ rj) jet propagat-
ing through a uniform ambient magnetized medium
(Bamb = Bx = Bx0). The jet was not magnetically
dominated, with β = 102 initially on axis.

Radiative cooling timescales (τrad) were parameter-
ized through the physical value of Bx0. The injection
of fresh nonthermal particles at shocks was parameter-
ized via the parameter ε, the fraction of the thermal
flux through each shock injected into the downstream
nonthermal population. Parameter values for all three
models are listed in Table (a).

Table 1
Summary of Simulations

Model ε Bxo (µG) τrad/τend

Control (1) 0.0 0.39 1.6 ×103

Injection (2) 10−4 0.39 1.6 ×103

Cooling (3) 0.0 5.7 1.0

In each model, the jet nonthermal electron popula-
tion entered with a momentum index q = 4.4, repre-
senting a synchrotron spectral index, α = (q − 3)/2 =
0.7, where Sν ∝ ν−α.

(b) Synthetic Observations

We synthetically observe the simulated jets as fol-
lows. First, we combine vector magnetic field and
nonthermal electron distribution data to calculate self-
consistent synchrotron radio and IC/3K X-ray volume
emissivities in every zone of the computational grid.
Then we apply a ray-casting procedure to perform
line-of-sight (LOS) integrations and project the sim-
ulated objects on the sky. The output is written in
FITS format and analyzed using conventional packages
(MIRIAD and KARMA (Gooch, 1995)).

As given by Jones, O’Dell, & Stein (1974) (hereafter
JOS), the synchrotron emissivity is

js(ν) = jα0
4πe2

c
f(ps)pq

s

(νB⊥

ν

)α

νB⊥ . (1)

The spectral index α is related to the local elec-
tron momentum index q via α = (q − 3)/2, νB⊥ =
eB sinΩ/(2πmec), where Ω projects the local field onto
the sky, and jα0 is a dimensionless constant, defined in
JOS. For a selected observing frequency, ν, the distrib-
ution, f(ps), and the index, q, are determined for each

point on the grid by establishing the relevant electron
momentum from the relation ps = [2ν/(3νB⊥)](1/2),
with ps in units mec. This calculation properly ac-
counts for spectral curvature and the orientation of the
magnetic field on the plane of the sky.

The X-ray IC/3K emissivity, j3K(νX), can be simply
expressed at a selected X-ray frequency, νX , in terms
of the synchrotron emissivity, js(νX), in Eq. (1) ex-
trapolated to νX ; namely (JOS)

j3K(νX) = e3K
α0

σT c

e2

cuµνα−1
µ

4πν1+α
B⊥

(1+ z)3+α js(νX) , (2)

where uµ = aT 4
0 and νµ = kT0/h are the energy den-

sity and characteristic frequency, respectively, at the
current epoch of the CMB, while e3K

α0 is another order-
unity constant defined in JOS. We note that js(νX) is
normalized and α is determined at pµ = (νX/νµ)1/2.

We calculate the Faraday rotation (FR) along the
line of sight to each zone, dχ(L), via

dχ(L) =
e3

2πm2
ec

2ν2

∫ L

0

nth(l) B‖(l) dl . (3)

B‖ is the component of the magnetic field parallel to
the line of sight, and nth is the thermal particle number
density in each zone. This integration is performed
separately for each zone, and only along the portion
of the line of sight from the edge of the computational
grid to that zone (located at distance L from the edge).
Once dχ is known for every zone, we also construct the
Faraday-rotated Stokes parameters:

Q2s(ν) =
∫

Π(α) js(ν) cos[2(χ + dχ(l))] dl (4)

U2s(ν) =
∫

Π(α) js(ν) sin[2(χ + dχ(l))] dl (5)

Here χ is the angle of the magnetic field within that
zone projected on the plane of the sky, and Π(α) is the
synchrotron fractional polarization in that zone. We
take Π(α) as (α + 1)/(α + 5

3 ), corresponding to the
value predicted for a locally uniform field.

III. FIELD STRENGTH ESTIMATES

Magnetic field strength can be calculated very sim-
ply from synchrotron and IC/3K intensities for a uni-
form medium when the electron distribution is a pow-
erlaw. We used the following expression for this esti-
mated field, Bic in µG (e.g., JOS, Harris & Romanishin,
1974; Harris & Grindlay, 1979):

B1+α
ic = (1.06× 10−11) (2.09× 104)α−1

(
j3K
α0

jα0

)

× (1 + z)3+α

(
νr

νX

)α
IS(νr)

I3K(νX)
. (6)
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For uniform particle and field distributions, this ex-
pression is exactly equivalent to inverting the analytic
calculation of synchrotron and IC/3K surface bright-
nesses in our synthetic observations.

Similarly, the standard expression used to compute
the minimum-energy magnetic field, Bme, in Gauss is
(Miley (1980)):

Bme = 5.69× 10−5

[
ν

1/2−α
2 − ν

1/2−α
1

(1/2− α)

]2/7

×
[(

1 + k

η

)
F (νr)
ν−α

r

(1 + z)3+α

θx θy ` sin3/2 ϑ

]2/7

. (7)

Here F (νr) is the observed radio flux density within
an observing beam, k ≡ Uproton/UE , η is a magnetic
field volume filling factor, ϑ is the angle between the
magnetic field and the line of sight, θx and θy are the
semimajor and semiminor axes of the observing beam
in arcseconds, ` is the path length through the source
in kpc, and ν1 and ν2 are the fixed lower and upper
synchrotron cutoff frequencies in the source frame, ex-
pressed in GHz. We assume below for simplicity that
k = η = sin ϑ = 1. The magnetic field is so tangled and
intermittent that assuming sin ϑ = 1 introduces errors
of only a few percent into our analysis.

In order to incorporate the full nonthermal electron
distributions as well as possible into Bme, the frequency
limits in Eq. (7) correspond in each model to the
characteristic synchrotron frequencies of the lowest and
highest energy electrons and the fiducial magnetic field
for each model. Those turn out to be ν1 = 100 Hz
and ν2 = 30 GHz for the Control and Injection mod-
els; for the Cooling model, ν1 = 1500 Hz and ν2 = 450
GHz. Our conclusions do not depend on any of these
parameter choices.

Our analysis is summarized in Fig. 1, which com-
pares Bic and Bme to Brms for the same six LOS in
each model. The LOS were chosen to sample a variety
of physical and spectral structures. The details of the
selections are given in TJR04.

Both empirical field estimates correlate roughly with
Brms along the selected lines of sight. The bolometric
synchrotron intensity does depend on the rms magnetic
field along the line of sight, of course. The spectral
emissivity js(ν) ∝ B1+α, is similar, since in our sources
spectral index values in the range α ∼ 0.7 − 1 are
common. Still it is not obvious a priori how well such
a simple measure as Brms should compare to inferred
values, so the experiment is valuable. Two-thirds of
the Bic (Bme) points are within a factor of two (three)
of Brms. The Bic values are approximately randomly
distributed with respect to Brms.

LOS 6 passes through the jet near its origin. At
that location, the field structure is relatively simple
and approximates that introduced at the computa-
tional boundary. Furthermore, the emission is domi-
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Fig. 1.— Comparisons of magnetic field measures. Sym-
bols indicate the electron transport model. Associated line-
of-sight numbers are marked at the bottom of each plot
according to the associated Brms values. From Tregillis, I.
L., Jones, T. W., & Ryu, D. 2004, ApJ, 601, 778.

nated by young electron populations that have not yet
experienced strong radiative aging. Bic is very close to
Brms at this location in all three models.

Lobe values of Bic (e.g., LOS 1 and 4) tend to fall
below Brms. This bias results from the presence of sub-
stantial electron populations in weak field regions that
contribute little to the radio emission, but that do pro-
duce X-rays. In effect the IC/3K intensity provides an
overestimate of the number of radio emitting electrons,
so that under the uniform source hypothesis the field
required to account for the radio emission is weakened.
When compared to the distribution of field values along
individual LOS, Bic is generally representative of the
values being sampled. Thus it does give a “meaningful”
result, if not a simply defined quantitative one.

Notable exceptions occur in the presence of strong
spectral curvature, such as along LOS 4 in the cooling
model. Intentionally, no correction was made for the
convex spectrum at this location, in order to expose its
potential influence. The 1.2 keV IC/3K emission used
to compute Bic comes from 1 GeV electrons, while the
2.9 GHz emission is produced by electrons with ener-
gies about an order of magnitude higher, even in the
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strongest field regions along this LOS. A convex elec-
tron spectrum will artificially increase Bic, as simple
arguments can show.

Suppose, for example, we measured the bolomet-
ric synchrotron intensity, IS , from electrons of en-
ergy γS and the bolometric IC/3K intensity, I3K , from
electrons of energy γ3K . For a homogeneous source
and fixed radio band, it is simple to show that B ∝
(IS/I3K)Nγ3K

/NγS
, where Nγ3K

and NγS
represent the

number of electrons required to produce the observed
intensities. If we assumed a γ powerlaw between Nγ3K

and NγS
with index determined by the energetic elec-

trons responsible for the radio emission,we would over-
estimate B when the distribution is actually convex,
since we would overestimate Nγ3K

/NγS
.

The impact of curvature is even more striking on the
value of Bme for LOS 4 in the cooling model. Under
the equipartition that accompanies the minimum en-
ergy assumption, the effective overestimate of the elec-
tron population also exaggerates the estimated mag-
netic field energy, leading to a field value about two
orders of magnitude greater than Brms and even an
order of magnitude greater than Bmax along this LOS.

Our simulated objects are not in particle/field equipar-
tition, nor is there physics in the simulations expected
to produce this kind of equipartition. Thus, while Bic

errors are randomly distributed with respect to Brms,
there are obvious biases in the relationship between
Bme and Brms. Those biases correctly reflect actual de-
viations from the minimum energy condition. In short,
they trace the relationship between nonthermal particle
and magnetic field energies in the predominant emis-
sion regions.

Bic and Bme can be combined to obtain a purely
observational measure of the particle/field energy par-
titioning, regardless of how far out of equipartition the
emission region might be. Details are given in TJR04.

IV. STRUCTURAL DEPOLARIZATION

Synthetic observations are useful when examining
observationally-inferred field topologies, because we
know the entire three-dimensional field from the nu-
merical simulation data.

Laing (2002) has derived expressions for the total
and polarized intensity from a powerlaw electron distri-
bution in an anisotropic and disordered magnetic field,
based on an earlier treatment by Matthews & Scheuer
(1990). In this treatment, the field is assumed to have
been generated by compression and shearing of an ini-
tially isotropic Gaussian distribution of field compo-
nents with zero mean. The Laing (2002) treatment is
particularly nice because the expressions have only one
free parameter, the ratio of the RMS values of the two
field components on the plane of the sky:

Υ ≡ BRMS
⊥1

BRMS
⊥2

(8)

(note that Laing uses η for this quantity).
Given the simplicity of the Laing (2002) treatment,

checking those results against our synthetic polarime-
try data is very straightforward. Spectra in the Control
Model are powerlaw everywhere, and the local spectral
index α is very nearly constant throughout the volume
of that simulation, making it particularly well-suited to
this treatment. At a given location on the source, we
can use the synthetically-observed fractional polariza-
tion to invert the Laing (2002) results and derive a the-
oretical value for Υ from the Laing formulation. We can
also calculate Υ directly from the magnetic field along
each line of sight. The field distribution carried down
the jet in our simulations is decidedly non-Gaussian,
though the initial fields are highly uniform; thus, this
comparison is a useful test of the accuracy of Laing’s
field description in less idealized circumstances.

Table 2
Predicted and Measured Υ Values

m LOS ΥLaing Υsimulation

0.691 2 0.12 0.96
0.681 3 0.15 0.35
0.660 5 0.19 0.40
0.613 1 0.26 0.61
0.579 6 0.30 0.88
0.150 4 0.80 0.95

Table IV lists the Υ values obtained at several lo-
cations on the source by inverting the calculation of
Laing (2002, Eq. (12) and (13)) and directly from the
simulation data. Overall, the two Υ values show little
agreement and some striking disagreement. The Laing
model predicts m → 0 as Υ → 1, which is quite rea-
sonable under the assumptions of that model. We see
that the simple monotonic scaling is not preserved in
more complex environments.

This is convincingly illustrated by comparison of
the lines of sight 2 and 4, which are the locations of
the highest and lowest fractional polarizations of the
lines sampled. LOS 4 lies on a region of very low
fractional polarization, m = 0.15. The theoretical
prediction based on Gaussian field distributions sets
Υ = 0.80, while the value in the simulated object is
Υ = 0.95. These values are qualitatively consistent
with each other, and the notion that two orthogonal
field components of nearly equal strength should give
rise to little polarized emission.

Yet that argument severely underestimates the effect
of field nonuniformity, a point made abundantly clear
by the values on line 2. The fractional polarization at
line 2, m = 0.69, is close to the maximum for α = 0.70;
the theoretical Gaussian calculation therefore predicts
a low value for Υ, namely, Υ = 0.12. Yet, the actual
value in the code is effectively the same as that on LOS
4: Υ = 0.96.
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As described in TJR04, LOS 2 passes through the
plasma just downstream of a strong terminal jet shock,
evidenced by an extremely sharp peak in the line-of-
sight magnetic field distribution. This is, accordingly,
one of the brightest locations on the source. Most of
the emission, and also most of the polarized emission,
is dominated by a very small region along the line of
sight. This region consists of jet plasma which has
been strongly shocked, and therefore harbors a highly-
ordered magnetic field. Yet most of the magnetic field
along the line of sight lies in the lobe, where the field
is highly disordered. Thus the calculation of Υ along
the line of sight, which is not emission weighted, in-
dicates a highly disordered field, with Υ ≈ 1. The
description of the source magnetic field distribution as
the distortion of an initially Gaussian distribution does
not adequately describe such sharp nonuniformities in
the field. When the RMS fields are computed only over
the portion of the line of sight associated with the ex-
treme hotspot field spike, the Υ drops to Υ = 0.29,
closer to the Laing value.

While most extreme at LOS 2, this appears to be a
general feature of the two Υ calculations. The values
obtained directly from the simulation data tend to be
higher than those indicated by the Laing model, indi-
cating more highly disordered fields. The Laing model
may provide a useful lower bound for the degree of field
disorder.

V. ROTATION MEASURE DIAGNOSTICS

We construct RM maps of our simulated sources
from multifrequency synthetic polarimetry datasets.
We note that since FR depends only on the thermal
density and magnetic field strength, RM maps for the
three dynamically-identical models differ only in over-
all scale factors. Thus in this section we restrict our
attention to the Control Model.

Rudnick & Blundell (2003) have suggested using
scatterplots of RM versus position angle (PA) to iden-
tify local and nonlocal Faraday screen contributions.
The statistical distribution of points in the RM/PA
plane can identify biases created by interactions of
a local Faraday screen with an extragalactic radio
source. Conversely, uncorrelated RM and PA fluctu-
ations might arise when the bulk of the FR occurs far
away from the radio source (where information about
the PA distribution originates), such as along the long
lines of sight through a cluster.

Ensslin, Vogt, Clarke, & Taylor (2003) put forward
a more rigorous quantitative analysis of the RM/PA
plane. For this purpose they introduced a pair of scalar
statistics calculated from the gradients of the RM and
PA distributions: an alignment statistic, A, and a vec-
tor product statistic, V . A complete description and
analysis of both statistics is given in Ensslin et al.
(2003). For our purposes it suffices to note that A + V
values near unity indicate strong correlation, and val-
ues near zero indicate a low degree of correlation.

Synthetic polarimetry observations are particularly
well-suited to an RM/PA analysis. Scatterplots derived
from real-world RM datasets can potentially be con-
structed from two separate sets of PA values, because
the RM data can be plotted against either the original
(uncorrected) PA values or the Faraday-corrected PA
values. Synthetic observations provide a third option.
By turning off FR in the radiative transfer calculations,
we can obtain the “true” PA distribution on the source,
as opposed to the Faraday-corrected values. Ideally,
these two sets of values would be identical after apply-
ing a perfect derotation. Thus synthetic polarimetry
provides a useful tool for identifying systematic errors
in map correction algorithms.

We begin by calculating the gradient alignment sta-
tistics for a “naked” source, where the contributions
from all external media have been filtered out. This is
an important experiment that can only be performed
through simulations. (In real sources the much higher
thermal density of the displaced ambient medium will
create a “skin” surrounding the lobe with a signifi-
cantly higher Faraday depth than through the lobe it-
self, even for low levels of magnetization. This is the
case in our simulations even without the presence of
an extended cluster medium.) In this situation the
FR takes place entirely within the source, in the same
synchrotron-emitting plasma where the PA data origi-
nate. Thus the physical situation guarantees that the
RM and PA distributions will be highly correlated. We
therefore require the gradient alignment statistics to in-
dicate the existence of such a correlation. And, indeed,
in this case the gradient alignment calculation returns
A = 0.986, V = −0.065, and A+V = 0.921, consistent
with strong correlation.

Next we examine the gradient alignment statistics
when the contribution from the Faraday skin is in-
cluded. Here we include only the disturbed ambi-
ent medium immediately surrounding the radio source.
This experiment is still only possible with synthetic
observations, because it purposely excludes potential
contributions from undisturbed or unrelated material
along the very long line of sight between the observer
and the source (such as through a cluster). Now the
bulk of the FR takes place in a thermal plasma dis-
parate from the synchrotron emitting regions where the
PA data originate. Thus we expect the RM/PA corre-
lation to be diminished. But note that the Faraday
skin interacts with and is shaped by the expanding ra-
dio lobe, creating a dynamical relationship between the
synchrotron plasma where PA data originate and the
thermal plasma where the FR takes place. This might
maintain a lower level of correlation, weaker than in
the case of the “naked” radio lobe. The gradient align-
ment statistics return A = 0.977, V = −0.071, and
A + V = 0.906, consistent with our expectations.

In these models the skin has fairly uniform Fara-
day depth, because the original undisturbed ambient
medium has a uniform thermal density and field geom-
etry. In this case it acts largely as an offset in the RM
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without introducing large variations across the source,
so the correlation is only slightly diminished. A nonuni-
form environment could lead to more variations in the
skin and hence a lower A + V value, depending on the
scale size of the fluctuations (see below).

After verifying that the gradient alignment statis-
tics give sensible results for calculations on “cluster-
less” RM maps, we examined the effect of an exter-
nal cluster medium on these calculations. For these
experiments it was not necessary to include an ex-
tended cluster environment in our numerical RG sim-
ulations, nor was it necessary to use data generated in
structure-formation calculations. Since we were solely
interested in the cluster environment strictly as a Fara-
day medium, we simply generated Faraday screens rep-
resenting clumpy, randomized distributions of a mag-
netoionic medium with different RMS Faraday depths.
For each synthetic cluster screen we used a line-of-sight
path length of 1 Mpc, a characteristic thermal density
nth = 10−3 cm−3 and a characteristic field strength
B‖ = 1µG. We assumed that the clusters contain no
synchrotron-emitting plasma. Random generation vir-
tually guarantees that the screen fluctuations are com-
pletely independent of the physical structures in our
numerical models.

Characteristic RM values for the control model with
the Faraday skin in place are on the order of 10 rad/m2.
The low values are caused by the extremely low physi-
cal magnetic field scale used to suppress radiative cool-
ing as explained above. (Cooling model RM values are
larger by a factor of 3200, putting them in a regime
consistent with numerous observations of extragalactic
radio sources.) The RM contributions from the cluster
screens themselves range from 320 to 2.4×104 rad/m2.
Thus in every case the RM is completely dominated by
the cluster screen.

The effect of the cluster screen on the RM/PA plane
is illustrated in Fig. 2. The left-hand panel shows
the RM/PA scatterplot for the control model with the
Faraday skin in place but no external cluster medium.
There is a fair amount of fine structure in the plot,
indicative of the strong correlation we obtained above.
The right-hand panel shows the same plot when the FR
includes the contribution from a cluster screen with 5′′
angular fluctuation scale. We see that the RM values
are now significantly larger, but most of the fine struc-
ture obvious to the naked eye has been washed out.
The following experiment demonstrates that the naked
eye is an unreliable tool for uncovering correlations.

Table V shows the variation in A and V values as
a function of the angular scale for correlations in the
randomly-generated external cluster environment. The
correlation (A + V ) drops significantly once the fluc-
tuation length scale drops below approximately 2.5′′.
RM maps of the simulated sources without an exter-
nal cluster medium exhibit coherent fluctuations on
scales ranging from roughly 3′′ to 20′′. Thus fluctu-
ations in the cluster environment begin to wash out lo-

Fig. 2.— RM/PA scatterplots for the control model.
Left: Faraday skin present, but no contribution from an
extended cluster medium. A + V = 0.906 for this plot,
consistent with the high degree of fine structure present.
Right: Faraday skin present, and FR includes contribution
from cluster Faraday screen with 5′′ fluctuation scale and〈(

nthB‖
)2

〉1/2

= 2.8× 10−3. A + V = 0.791 for this plot.
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Table 3
Gradient Alignment Statistics

Patch size
〈(

nthB‖
)2

〉1/2

A V A + V

0.5′′ 2.98 ×10−2 0.003 0.034 0.037
1.0′′ 1.46 ×10−2 0.429 -0.107 0.322
2.5′′ 5.69 ×10−3 0.915 0.102 1.02
3.0′′ 4.71 ×10−3 0.900 0.102 1.00
5.0′′ 2.80 ×10−3 0.749 0.042 0.791
10.0′′ 1.38 ×10−3 0.850 -0.016 0.834
15.0′′ 9.06 ×10−4 0.912 0.023 0.935
30.0′′ 3.92 ×10−4 0.956 0.099 1.06

cal RM/PA correlations when the angular scale of the
cluster fluctuations approaches that of fluctuations on
the Faraday skin surrounding the radio galaxy. This
demonstrates that meaningful information about the
angular size of coherent patches on the “naked” radio
galaxy is embedded in the RM/PA gradient alignment
statistics.

More significantly, we see that large cluster contri-
butions to the FR do not necessarily eliminate RM/PA
correlations, and might even introduce new ones. Thus
the existence of RM/PA correlations in cluster RM
samples is not conclusive evidence for a local origin to
the FR.
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