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By investigating the linearly polarized component of a pulsar signal at different radio frequencies
it is possible to derive constraints on the parallel component of the magnetic field along the line of
sight (los) to the pulsar. In this work we have measured the polarimetric properties of 18 known
pulsars in the globular cluster 47 Tucanae and we report for the first time the rotation measure
(RM) for 13 of them. Our study led to the discovery of a gradient in the RM values of the pulsars
across the cluster. This indicates the presence of significant variations in the magnetic field across
the very small angular scales beween the pulsars in 47 Tucanae. We discuss the hypotheses that
the magnetic field responsible for the gradient is located inside the globular cluster or in the
Galactic disk in the direction of the cluster. However, deeper observations with the MeerKAT
and/or the SKA1 radio telescopes are necessary to discriminate among the hypotheses.
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1. Introduction

Globular clusters are gravitationally bound spherical stellar systems typically found in the
bulge or halo of the galaxies. They are among the oldest and densest stellar systems known: the
core can reach stellar densities up to ~ 10° times higher than the typical stellar densities in the
Galactic disk. Such extreme characteristics make the central region of a globular cluster a breeding
ground for the formation of recycled pulsars, in most cases spinning at millisecond periods.

Besides being interesting per se’[1], the presence of a large family of millisecond pulsars can
be exploited to constrain some otherwise elusive physical parameters of the innermost part of a
globular cluster. In this respect, the dispersion measure (DM) and the rotation measure (RM) of
the pulsars can play a unique role. The DM parametrizes the relative delay between the different
frequencies of a broadband signal when it travels through an ionized interstellar medium (ISM). If
the ionized ISM is also magnetized, and the propagating signal is linearly polarized, then the signal
will undergo Faraday rotation (i.e. a rotation of the polarization position angle). The amount of
this effect is quantified by the RM and depends on both the strength of the parallel component of
the magnetic field and on the density of the free electrons along the line of sight.

47 Tucanae is the second brightest globular cluster in the night sky and is one of the closest
to the Sun. It contains 25 known millisecond pulsars [2] and the total population is estimated to
be ~ 100 — 200 [3, 4]. Almost all the pulsars are located in the central region of the cluster (i.e.
within a diameter of ~ 2 arcmin) [5, 6, 7]. DM studies performed using the pulsars of 47 Tucanae
led to the first detection of ionized gas inside a globular cluster [8]. A parallel study performed
on the RM of the pulsars in 47 Tucanae can potentially put constraints on (or reveal for the first
time) the presence of a magnetic field inside a globular cluster. Moreover, it could help to study the
magnetic turbulence of the ISM on the very small scales associated with the projected positions of
the pulsars within the cluster. A similar study has been recently undertaken on the pulsars in the
globular cluster Terzan 5 [9].

2. Results

The observations were carried out at the Parkes radio telescope over a time span of almost a
year from April 2014 to March 2015. The data were obtained in the 20cm band, with the central
beam of the Multibeam receiver, recorded with the CASPSR backend, and analyzed (including
polarization and flux calibration) using the PSRCHIVE software package [10]. The RM values
were measured with the PSRCHIVE tool rmfit using the implementation described in [11] and
with a self-made code created following the procedure described in Tiburzi et al. [12]. The errors
on the values of RM were estimated with a Monte Carlo simulation. Results were considered for
subsequent modelling only for the pulsars showing bright enough polarization profiles and having
a significant determination of the RM.

The obtained RM values are plotted as a function of DM in Figure 1. These measures are not
compatible with a constant RM value across the entire cluster. The scatter in the RM values can be
caused either by variations of the magnetic field or of the electron density. The dependance on the
electron density can be explored with this plot since both RM and DM relate in the same way to
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Figure 1: Plot of RM as a function of DM. The green line is at the value of DM at the center of the cluster
as measured by Freire et al. [8] . All errors are at two sigma.

it. The absence of any correlation suggests that the variations are most likely caused by a magnetic
field which varies across the lines of sight to the various pulsars.

The occurrence of a linear correlation between the RM values and the position of the pulsars
relative to the cluster center was investigated with a chi square minimization algorithm. In partic-
ular, this algorithm selected the direction along which the correlation was maximal. The angle of
the best fit direction is ~ 60°, measured clockwise from the East direction (positive RA). The cor-
relation along this axis is shown in Figure 2. It has a reduced chi square of 0.725 with 11 degrees
of freedom. The gradient is found to be very strong, 0.74 +0.05 rad m~2 arcsec~'. The model
reported in Figure 3 shows the intensity and direction of the gradient. This model was constructed
assuming the observed gradient was constant throughout the central region of the cluster.
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Figure 2: RM as a function of the position of the pulsars in 47 Tucanae projected along the direction that
shows the highest correlation (see text). The green line is the position of the optical center of the cluster
[13]. All errors are at two sigma.
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Figure 3: Model of the RM we expect to see if the observed gradient was constant throughout the cluster.
The cyan line indicates the direction of the measured gradient. The green stars represent the pulsars with a
measured RM, the black dots the ones without a measured RM.

3. Preliminary discussion

The results indicate the presence of a magnetic field which is changing across the small angular
scales associated with the projected positions of the pulsars in the central region of 47 Tucanae.
Preliminary research into the geometry of the observed distribution of the RM values shows the
occurrence of a gradient in RM projected across the central part of the cluster. The magnetic field
responsible for that could be located in the Galactic disk or inside the cluster. If it resides in
the Galactic disk, it could be generated by a magnetic cloud along the line of sight: the required
strength of the field within the cloud is not extreme, but the strong gradient suggests a variability
in the RM of the ISM that is not detected in the RM maps obtained looking at extragalactic sources
at these Galactic latitudes [14]. If, instead, the RM gradient is due to a field located in the central
regions of the cluster, it should be very intense, ~ 200G, assuming a constant field with a toroidal
geometry. This corresponds to ~ 1 —2 orders of magnitude greater than the equipartition value
derived from McDonald and Zijlstra [15]. Additional investigations and simulations are ongoing
for better constraining the geometry and intensity of the magnetic field affecting the RM values for
the pulsars in 47 Tucanae.

Radio telescopes currently under construction in the southern hemisphere, like MeerKAT [16]
and SKA could greatly aid in this search. MeerKAT will have, once completed, a collecting area
~ 3 times larger than the Parkes radio telescope. This will guarantee, with the same integration
time, an increase in sensitivity of ~ 3 times. Thanks to this increase and to the larger bandwidth it
will be possible to improve the quality of the results and, possibly, obtain RM values for some of
the other pulsars of the cluster. With the advent of SKA1-MID the increase in sensitivity achievable
with the same integration time is ~ 10 times. Observations with these radio telescopes could lead
to a decisive proof of the existence of (or lack of) an intrinsic magnetic field in 47 Tucanae.
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