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Abstract: We report on initial results from a project to constrain the large-scaléwbdlent magnetic

fields of the Milky Way galaxy, which eventually will incorporate all of the kelet observational data.
In this paper we fit popular large scale magnetic field models to WMAP3ipataon maps. We find that
the polarization data can constrain certain model parameters but dogsigqueely determine the best-fit
parameters. We also find that the polarization data alone cannot distilgtiseen model symmetries,
e.g., the existence of field reversals. We show how future UHECR dathreak this degeneracy.

Introduction out 25.7% of the sky (essentially the Galactic di
and the North Galactic Spur).
A variety of observational methods has been used
to constrain the magnetic field of the Milky Way,
e.g., synchrotron emission, Faraday rotation, Zee-
man splitting and polarization of starlight. In .
a project currently underway also incuding M. When describing models of the regular part
Haverkorn and A. Lazarian we make use of all rel- Galactic magnetic fields it is natural to use cyli
evant data available to study the Galactic magnetic drical coordinatesr, 6,2). Typically, the disk field
field (GMF), at large and small scales. The rea- IS then parametrized by
son for combining different types of data goes be- .
yond having a Ia?ger numbe);pof data poigts when Br= B(r,8) cosp, By = B(r,0)sinp, (1)
performing parameter estimation. Different types
of data constrain different aspects of the magnetic
field. For instance, synchrotron emission probes
the integrated magnetic component perpendicu-
lar to the line-of-sight while Faraday rotation and
starlight polarization probe the parallel component.
Zeeman splitting allovin situmeasurements of the call it disymmetric Another distinction that car

magnetic field. be made is a model's symmetry properties un
In this paper we present first results, using po- z — —z i.e., reflection at the disk plane. W
larization data from the Wilkinson Microwave call a field symmetric with respect to the Galac
Anisotropy Probe (WMAP) 3rd year data release plane ifB(r,8,—z) = B(r,8,2), and antisymmetric
[1]. A previous analysis of fitting the WMAP3 data if B(r,8,—z) = —B(r,0,2). This notation agree:
to a large scale magnetic field model was done in with, e.g., [2, 3], but conflicts with, e.g., [4].

[1]. There the WMAP team fitted the polarization A standard way to parametrize a bisymmetric s
angle of synchrotron emission as predicted by an ral field [5] is

axisymmetric magnetic field to the measured po-
larization angley= %tan*l(u /Q)), after masking

Galactic magnetic field models

wherep is the pitch angle. There has been so
confusion in notation in the literature, and we w
use the following conventions. A field that obe
B(r,8) = B(r,6 + a) for any a is calledaxisym-
metrig, if B(r,0) = —B(r,0+ 1) it is calledbisym-
metric, and if B(r,8) = B(r,0 + 1) we propose to

B(r,8) = b(r)cos(e—Bln%), @)
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wheref is defined to increase clockwise around the and similarly forJ, with xéu = xé +x3 the quan-
Galactic center, anfl = 0 points to the Sun. The tity that is minimized.

pitch anglep is positive if the clockwise tangentto | figure 2 a smoothed map of the WMARBpa-
the spiral is outside a circle of radinsentered on  ygmeter is shown, along with map of, obtained

the Galactic center, arfli= 1/tanp. At the point usingp = 2°.
(ro,0 = 0°), the field reaches the first maximum in
the directionl = 180" outside the solar circle.

Results

We chooseb(r) = by for r < r¢, andb(r) = bp'e
forr > r¢, and define the field far < 20kpc.

We perform a parameter search to minimj

for the parameterby, rc andzy for a bisymmet-
ric spiral field that is symmetric iz. Following

Stanev [4], we pup = —10° andrg = 10.55kpc.

Relativistic electrons accelerated by a magnetic From figure 3 itis evident that the data strongly €
field will radiate synchrotron radiation [6]. For clude large regions of parameter space. Howe
a power law distribution of cosmic ray electrons, no unique best-fit parameters are found, as an
n(E)dE ~ E~SdE, the synchrotron emissivity is ber of combinations of the search parameters yi

ax? very close to the minimum.

3) To investigate the effect of model symmetries, 1
perform the same analysis on a bisymmetric fi
The emission has a large degree of linear polariza- that is antisymmetric ire, and two disymmetric
tion. field models (symmetric/antisymmetric #). We
WMAP is an all-sky survey measuring the Stokes obtain the disymmetric model from equation 2 |
1,Q,U parameters in five frequency bands in the squaring the cosine. We find that the minimized
23-94 GHz range. The Stokégparameter is pro-  is almost identical for all four models.
portional to the total (polarized and unpolarized) To examine further the limitations of using pola
emission, and th® andU parameters describe jzation maps to constrain GMF models we pr
the polarized part of the emission. In the K band duce mockQ andU maps with Hammurabi us
(23 GHz) the measured polarized radiation is dom- ing a z-symmetric bisymmetric field model witl
inantly Galactic synchrotron emission. the parameter valueby = 3.5uG, rc = 10kpc,

Using WMAP3 polarization data

OB vz,

We obtain the best fit by minimizing? for Q and
U. The resolution in the K band is 1°, but to bet-

Zp = 1.15kpc, p= —10° andrg = 10.55kpc. Us-
ing these maps as “data”, and with unifoomwe

ter probe the large scale regular field we smooth do a parameter search for the same bisymme

the data to~ 4°. For each 2 pixel we calculate
the variance of the°lpixels within a radiup from

field used to obtain the mock data. The resull
shown in figure 4. We note that the correct be

the center position of the larger pixel. This way fit values are recovered, but that the insensitivity

we obtainog and oy for the £ maps. Regions

the model parameters remain. IE-@ntisymmetric

with large turbulence and irregular structures have disymmetric model is fitted to the above mock d:

a larger variance and thus are deweighted inxthe

we find thex? surfaces to be visually indistinguist

fit. We thus avoid masking out the Galactic disk, able to those in figure 4, and we can conclude t
which is essential to be able to probe the magnetic even with ideal data, polarization maps alone c.
structure in the plane of the Galaxy. For a given not distinguish between the various model symr
Galactic magnetic field and electron distribution tries.

(using the Hammurabi code [7]) we calculate the
polarized synchrotron emissi@gpandU. We then

measure the goodness-of-fit by UHECR multiplets

pixels (Q.modeli Qdata)z
i i

2

A powerful way to break this degeneracy betwe
model symmetries would be to use future UHEC(

X6 = 7 @)

2
0Qi
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. Summary
Source
BSSg We have reported on a project that will eventua
201 Bss, make use of all relevant data to constrain model:
DSS the Galactic magnetic field. In this paper we o
-30} S line our analysis using the WMAP3 polarizatic
. Dss : : :
Al data. We improve on the previous analysis [1]
a ° . . .
—40} % the same data by including the Galactic plane, :
T allow for weighting individual pixels based on tF
o © % %@ variance in the data.
= ®
o @ We find that polarization maps alone can exclt
~60 large regions of parameter space for GMF mc
els common in the literature, but fail to give

290 300 310 320 330 unique set of best-fit parameters. Furthermore,

! find the data cannot distinguish between funt

mental model symmetries, such as the existenc

field reversals between spiral arms. We comm

Figure 1: A hypothetical UHECR multiplet source o the usefulness of using UHECR multiplets

along with the UHECR locations as predicted from preak this degeneracy, if such multiplets were
bisymmetric and disymmetric spiral GMF models. pe found.

Subscripts refer to symmetry/antisymmetry under
reflection inz. UHECR energies selected in the
101920 EeV range, with the size of the circles pro-
portional to the event energies.

In future work random fields will be introduce
and the synchrotron componentlgin addition to
Q andU will be used in the fit, as well as Faradz
Rotation Measures and starlight polarization de¢
More details will be given in a forthcoming pape

multiplets. UHECR deflection is unique among
observables in being independent of electron den-
sity and very weakly dependent on random fields
because the correlation length of the random fields
are much smaller than the Larmor radius [8]. As
the deflection angle of a UHECR is inversely pro-
portional to its energy and proportional to the
transverse magnetic field, the arrival directions of References
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hypothetical multiplet placed in the southern hemi- [4] T. Stanev, Astrophys. J. 479 (1997) 290

sphere is shown in figure 1, together with the ar- [5] J. L. Han, G. J. Qiao, A&A 288 (1994) 759
rival directions of the multiplet as predicted for the 7'72' T '

best fit spiral field parameters with the four differ- [6] Rybicki, G. B. and Lightman, A. P., ISBN 0
ent GMF symmetries. It is clear that if a number 471-82759-2. Wiley, 1986. ’ ’

of such multiplets would be discovered in future [7] A. H. Waelkens, T. A Ensslin, In prep.
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the degeneracy of the model symmetries. T '
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Figure 2: Left: Stokes Q parameter in mK from WMAP3 smoothed tordsolution. Right: ag in mK
calculated withp = 2°.
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Figure 4:x2 surface plots for bisymmetric field model fitted to mock datarf the same bisymmetric GM|
model.x? values only shown for relative comparison.
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