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Abstract: Using the two latest sets of Rotational Measures (RMs) of extra-galactic radio sources, namely the NRAO
VLA Sky Survey Rotation Measures Catalogue, and a compilation by Kronberg and Newton-McGee, we inferred the
global structure of the Galactic Magnetic Field (GMF). We considered GMF models consisting of two components:
spiral disk and halo. The parameters of these components were determined by fitting results of simulations with different
model field geometries to the observed RMs. We found that the model consisting of a symmetric (with respect to the
Galactic plane) spiral disk and anti-symmetric halo fits the data best, and reproduces the observed distribution of RMs
over the sky very well. Our results favor small pitch angles around ∼ −5◦ and an increased vertical scale of electron
distribution, in agreement with some previous studies. Based on our fits, we present two benchmark models suitable for
studies of cosmic ray propagation, including the ultra-high energies.
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1 Introduction

The Galactic magnetic field (GMF) plays a crucial role in
the propagation of ultra-high energy cosmic rays (UHE-
CRs) — those with energies in excess of 1019 eV, thus
the possibility of astronomy with charged particles at ultra-
high energies may critically hinge on our knowledge of it.
The magnetic field of our Galaxy is thought to contain both
regular and turbulent components (see, e.g., [1]. Estimat-
ing the strength and global structure of the regular magnetic
field of our Galaxy is the main purpose of this paper, be-
cause this component affect the propagation of CRs most.
Observations of other spiral galaxies reveal that they pos-
sess magnetic fields (MFs) of a few μG strength, coherent
over distances of several kpc (see, e.g., [1]). One should ex-
pect magnetic fields of similar strength and configuration in
our Galaxy.
In the present work we use two sets of the RM data. The
first one is the compilation of RMs recently obtained by
[2] who reanalyzed NRAO VLA Sky Survey (NVSS) data.
NVSS is the largest by number survey of polarized radio
sources at declinations > −40◦ [3]. The total number of
the observed sources was 37,543.

The second all-sky data set we used is the compilation by
[4] (2257 sources). It consists of ∼ 1500 revised and sta-
tistically more accurate extragalactic radio source RMs of
Kronberg et al. (in preparation).

2 GMF and electron density models

We adopt a general model of the GMF consisting of two
different components: a disk field and a halo field [5, 6].
According to the qualitative features of the RM distribu-
tion discussed above, for the most part of this work we take
the disk field to be symmetric with respect to the Galactic
plane and the halo field anti-symmetric. The general layout
of the model is shown in Fig. 1. We consider the follow-
ing disk GMF model: the widely used logarithmic spiral
model, e.g., [7, 8]. There are two versions of this model
depending on whether the direction of the field in two dif-
ferent arms is the same (axisymmetric, or ASS model) or
opposite (bisymmetric, or BSS model). They are defined
as follows:

Bθ = B cos p, Br = B sin p,
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Figure 1: Sketch of the structure of the galactic magnetic
field.
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where p is the pitch angle and d is the distance to the first
field reversal. Negative d means that the nearest reversal
occurs in the direction to the Galactic center, positive cor-
responds to the opposite direction. R� is the distance to
the Galactic Center (we adopt R� = 8.5 kpc in this pa-
per). The amplitude of the GMF is a function of the radial
coordinate r,
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where Rc is the radius of the central region where the disk
field is assumed to have constant magnitude. In the course
of the simulations, the parameters were varied within the
following ranges:

parameter min max
Rc 3 kpc 6 kpc
z0 0.5 kpc 1.5 kpc
d −1.4 kpc 1.4 kpc
p −15◦ 15◦

The basic halo model was taken from [6]:
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where the direction of the field is reversed in the South-
ern hemisphere. The original values of the parameters in
the model of [6] were: BH

0 = 10 μG, RH
0 = 4 kpc,

zH0 = 1.5 kpc and zH1 = 0.2 kpc for |z| < zH0 , otherwise

zH1 = 0.4 kpc (we will refer to these parameters as zH1(1)
and zH1(2), correspondingly). We investigated the following
parameter space:

parameter min max
RH

0 3.5 kpc 15 kpc
zH0 0.8 kpc 3.5 kpc
zH1(1) 0.2 kpc 0.4 kpc
zH1(2) 0.3 kpc 0.5 kpc

Knowledge of the Galactic electron density ne is required
for a calculation of the rotation measures. In this paper we
adopted the NE2001 model developed by [9]. We tried both
the original (zh = 0.95 kpc, ne = 0.03 cm−3 at z = 0)
and modified versions (zh = 1.8 kpc, ne = 0.014 cm−3 at
z = 0) of NE2001.

3 Method

We binned our data in order to minimize influence of
source-to-source variations.We chose the following bin-
ning: the celestial sphere is divided into 18 bands of 10◦

width, from -90◦ to +90◦ in Galactic latitude b. Each band
is further divided into bins so that individual bins would
have roughly equal area, about 100 deg2, After averaging,
all the NVSS data are reduced to 422 values of average RM
in each bin.
The GMF models were treated in a similar way. For each
model we simulated 20 000 values of RMs at randomly
chosen locations and then applied the same binning and
averaging procedure to these sets. The resulting averaged
RMs were compared to observations.
The best values of the GMF parameters were identified by
the maximum likelihood method. We minimized the value
of the χ2 defined as follows,

χ2 =
Ntot∑

i=1

(RMobs −RMsim)
2
i

δ2i
, (5)

where Ntot is the total number of bins that we have in-
cluded in the fit, (RMobs − RMsim)i is the difference be-
tween the observed and simulated average RM values for
the i−th bin and δi is the adopted error of the observed
average.
We varied the parameters of the GMF field within the
ranges given in Sect. 2. Each disk configuration was com-
bined with each halo configuration with two arbitrary co-
efficients α and β. For a GMF model thus obtained, the
value of χ2 in eq. (5) is a quadratic polynomial in α and
β, whose minimum with respect to α and β we found an-
alytically. The resulting values of α and β determined the
strength of the disk and halo fields.
We required that a successful model passes three separate
fits: to the NVSS data in the Northern and Southern hemi-
spheres, and to the KNM11 data in the disk. Note that
this is, in general, more restrictive than performing a single
combined fit.
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Figure 2: Average rotation measures in bins. Red circles
(blue squares) represent positive (negative) RMs. The color
intensity reflects the absolute magnitude. Top: NVSS data.
Bottom: best fit model.

Models were selected as acceptable if they satisfied the fol-
lowing requirement,

χ2/χ2
min < 1 +

√
2/Nd.o.f., (6)

where χ2
min is minimal value of χ2. These are the models

having parameters within ∼ 1σ from the best fit ones.
Method is described in greater details in [10]

4 Results and conclusions

Fig. 2 shows a comparison between one of the best fit mod-
els and the binned NVSS data. It is seen that the general
structure of the field is reproduced quite well.
The results of the fits are presented in Tables 1, 2
The latest Faraday rotation data show a coherent compo-
nent of the rotation measures over the sky. RM pattern is
correlated with the Galactic plane and the direction to the
Galactic center. This provides evidence for the existence of
a regular Galactic magnetic field.
At least two components – disk and halo are required. The
study of the magnetic field in the disk shows that it does not
change sign across the Galactic plane itself, so the combi-
nation of the symmetric disk field and the anti-symmetric
halo field is favored: such a combination, with properly
chosen amplitudes of components, reproduces the observed
pattern of RMs very well.
Several further conclusions can be made:

i) There is a feature in the observed rotation measures
near the direction to the Galactic anti-center that can-

p z0 d BD
0

deg kpc kpc μG

ASS [−5,−4] [0.7, 1.2] [−0.7,−0.4] [1.8, 2.2]

BSS [−7,−3] [0.8, 1.2] [−0.9,−0.5] [1.8, 2.4]

Table 1: Ranges of parameters of the disk field correspond-
ing to ∼ 1σ deviation from the best fit to the NVSS data
and compatible with the KNM11 data in the Galactic disk.
Note that positive ranges of the pitch angle, although com-
patible with our fits, are strongly disfavored by the “shift-
and-reflection” arguments of KNM11.

zH0 RH
0 BH

0

kpc kpc μG
North

vs. ASS [1.2, 2.4] [6.0, 15] [4.0, 12]
vs. BSS [1.0, 2.0] [8.0, 15] [3.0, 12]

South
vs. ASS [1.0, 2.5] [3.5, 15] [1.5, 6.0]
vs. BSS [1.0, 2.2] [3.5, 12] [2.5, 5.0]

Table 2: The same as Table 1, but for the halo parameters.

not be accounted for by models of the type consid-
ered in this paper (nearly tangential field decaying
away from the Galactic center). This feature may be
due to some unspecified local structure.

ii) Our fits favor the increased vertical scale of the elec-
tron density distribution as proposed in [11]. We
were unable to find any fit with the original vertical
scale of NE2001 model and strong disk field. This is
in agreement with the results of [12].

iii) Our fits favor somewhat smaller values of the pitch
angle p than have been discussed in the literature pre-
viously. These smaller values agree with the recent
results of [4] where the reference value of p = −5.5◦
was obtained by a totally different method.

Two “benchmark” models (one with the ASS and one with
the BSS disk field) are presented in Table 3. These models
fit the RM data well and have values of parameters favored
by other studies (not too small pitch angle p, not too strong
halo field and the magnitude of the GMF in the vicinity of
the Earth close to 2 μG). They can be used, for studies of
propagation of cosmic rays through the Galaxy.
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ASS BSS
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Halo (South):
zH0 1.3 kpc 1.3 kpc
RH
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BH

0 2μG 4μG
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zH1(2) 0.4 kpc 0.4 kpc

Table 3: Benchmark model parameters.
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