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Abstract 
 
Fast radio bursts (FRBs) are a newly-discovered radio 
transient population that appear to originate from 
cosmological progenitors with an enormous all-sky rate. 
Only a handful of FRBs are currently known but recent 
advances at the Parkes telescope have enabled real-time 
detection of FRBs along with a much larger supply of 
information about each new detection. In this talk I will 
present the history of FRB detections at Parkes as well as 
one detection in particular, FRB 150215, and its unique 
polarization and rotation measure properties. In order to 
understand this burst a larger population will be needed. 
Wide-field radio interferometers such as the Apertif 
upgrade to the Westerbork telescope in the Netherlands 
will provide a dramatic increase in the FRB population in 
just the first few years of operation. I will discuss this new 
observing tool and its potential to transform our 
knowledge of these enigmatic bursts. 
 
1. Introduction 
 
Fast radio bursts (FRBs) are one of the most exciting 
topics in modern astrophysics and their study is of intense 
interest to the transient astronomy community. FRBs are 
detected as millisecond radio pulses with a high 
dispersion measure, defined as  

 𝐷𝑀 = 𝑛%	𝑑ℓ
ℓ

)
 

(1). 

where D is the distance between the source and the 
observer along some path ℓ, and 𝑛% is the electron column 
density. Dispersion is seen in pulses from Galactic pulsars 
but the DMs of FRBs are up to 10 times greater than the 
DM expected along the line of sight in the Milky Way 
leading to energetic extragalactic progenitor theories such 
as binary neutron star mergers [1], collapses of neutron 
stars to black holes [2], extremely active young pulsars in 
nearby galaxies [3], and hyperflares from magnetars [4], 
to name a few. 
 
The first FRB was discovered in 2007 by Lorimer et al. 
[5], FRB 0107241, and since then progress has increased 
rapidly. Eighteen FRB sources have been published2 and 
                                                
1 FRBs currently follow the date-based naming 
conventions for gamma-ray burst and gravitational wave 
events: FRB YYMMDD. 
2 All published FRBs are included in the FRBCAT [6]; 
http://www.astronomy.swin.edu.au/pulsar/frbcat/ 

one source, FRB 121102, has been seen to repeat [7]. 
Interferometric observations of pulses from FRB 121102 
provided positional accuracy capable of localizing the 
burst and pinpointing the host galaxy -- a dwarf galaxy at 
a distance of ~1 Gpc [8]. This detection confirms an 
extragalactic progenitor for this burst and a highly 
energetic production process for the radio pulses. The 
progenitors of FRBs, however, remain unknown. A 
repeating burst rules out a cataclysmic progenitor for FRB 
121102; however, this source may not be representative of 
the full population of FRBs as it is the only FRB that has 
been seen to repeat [9]. Ultimately more FRBs need to be 
found, localized, and monitored to determine whether this 
observed behavior is common. 
 
2. Real-time detections at the Parkes radio 
telescope 
 
Recently, fast radio bursts have also been detected in real-
time and followed-up with telescopes over radio, optical, 
X-ray, and γ-ray wavelengths and one search for multi-
messenger signals from neutrinos [10, 11, 12, 13]. In this 
presentation I will focus on some of the recent results 
from these real-time detections and what they have taught 
us about the FRB population. Many radio telescopes 
coming online in the near future also plan to detect new 
FRBs in real-time at an enormous rate such as the 
Canadian Hydrogen Intensity Mapping Experiment 
(CHIME) and the Upgrade to the Molonglo Synthesis 
Telescope (UTMOST). I will focus on the expected 
results from a wide-field interferometer experiment 
located in the Netherlands – the Aperture Tile In Focus 
(Apertif) upgrade to the Westerbork Synthesis Radio 
Telescope.  
 
Of the 18 published FRBs, all but two have been 
discovered with the Parkes radio telescope [6]. Many 
were from archival surveys conducted between 2001 and 
2012. In March 2014 the capability to search streams of 
data coming off the telescope in real-time was introduced 
at Parkes. The primary motivation for this upgrade was 
the Survey for Pulsars and Extragalactic Radio Bursts 
(SUPERB), a new survey beginning in April 2014 search 
for FRBs. In May 2014 the first real-time burst, FRB 
140514, was discovered with this system [10]. A second 
real-time burst, discovered in April 2015 (FRB 150418), 
was published last year [11]. In both cases the bursts were 
followed-up with telescopes searching for related 
emission across a range of wavelengths. Conclusive 
association has been difficult. A fading radio source was 



found in the field of FRB 150418, but this has since re-
brightened and the association between this object and the 
FRB is tenuous [14]. 
 
Real-time discovery allows for two very powerful 
improvements over searches of archival data. Firstly, 
rapid identification of the burst enables multi-wavelength 
follow-up as discussed above. Secondly, the polarized 
full-Stokes data which is normally not saved due to disk 
limitations can be preserved for further study. 
 
3. FRB 150215 
 
In this talk I will present a new burst that gives interesting 
insight into the polarization properties of FRBs: FRB 
150215, discovered in February of 2015 in real-time with 
the Parkes telescope. FRB 150215 was detected in an 
outer beam (beam 13) of the Parkes multibeam receiver at 
20:41:41.146 UTC. The burst has a best-fit DM of 
1105.6(8) pc cm-3 and observed pulse duration of 2.8-)../0.1 
ms; it was only detected in a single beam of the receiver 
with an observed peak flux density of 0.7-).0/).1  Jy and a 
fluence of 2.1-).5/1.)  Jy ms. The burst was detected in a 
beam centered at the position RA 18:17:27 Dec --
04:54:15 (J2000), at Galactic coordinates (l, b) = (24.66°, 
5.28°); however, since it was detected in an outer beam 
the position is not constrained on one side. 
 
The burst was found approximately 25° from the Galactic 
center, the smallest angular separation for any burst to-
date, at a low Galactic latitude. The estimated DM 
contribution from the Milky Way along this sightline is 
427.2 pc cm-3 from the NE2001 electron density model 
[15]. Despite having travelled through a larger fraction of 
the ionized Milky Way than any other burst except FRB 
010621 [16], FRB 150215 shows neither significant 
scattering nor scintillation. 
 
The real-time detection of FRB 150215 enabled 
preservation of the full-Stokes data centered on the time 
of FRB 150215 which was found to be highly linearly 
polarized, L = 43±5%, where the total linear polarization 
L is given by 

𝐿 = 	 𝑄1 + 𝑈1 (2). 

where Q and U are the Stokes parameters associated with 
linear polarization. The burst had very low circular 
polarization, V = 3±1%, shown in Figure 1.  
 
Only four FRBs have previously published measurements 
of their polarized profiles and no two look alike. FRB 
140514 shows only significant circular polarization [10], 
FRB 150418 shows only low level linear polarization 
[11], FRB 110523 (detected with the Green Bank 
Telescope) shows both circular and linear polarization 
[17] and FRB 150807 shows nearly 100% linear 
polarization [18]. The presence of significant polarization 
of any kind on such short timescales is indicative of 
coherent emission, much like the polarized pulses seen 

from pulsars. The two bursts from this sample with the 
highest levels of linear polarization, FRBs 110523 and 
150807, show significant rotation measures (RMs); 
however, the RM of FRB 150807 is consistent with that 
of a nearby pulsar indicating that a significant fraction of 
the Faraday rotation may be produced in the Galaxy. 
 
A search for a rotation measure, Faraday rotation of the 
linear polarization vector, was done for FRB 150215 and 
the detecting a 9-σ signal with a RM of +1.6 rad m-2 for 
which the associated 2-σ confidence interval spans the 
range (-9,12) rad m-2, consistent with zero. The low 
measured RM for this FRB is unexpected. Given that 
FRB 150215 was seen along a sightline so close to the 
Galactic Centre, one might expect a considerable RM 
contribution from the Galactic foreground, making a zero 
total RM unlikely. 
 

 

Figure 1. Top: The polarization angle across the pulse. 
Bottom: The polarization profile of FRB 150215 showing 
total intensity Stokes I (black), as well as Stokes Q (red, 
dash), U (green, dot), and V (blue, dot-dash). The burst 
was 43±5% linearly polarized and 3±1% circularly 
polarized. All of the Stokes parameters have been 
normalised with respect to Stokes I. 
 
Several different approaches were taken to determine the 
foreground contribution to the RM of the FRB. In the case 
of FRB 150807 a nearby pulsar with a similar RM was 
useful in constraining the foreground [18]; however, the 
closest pulsar to FRB 150215 is approximately 1° away 
making it a poor estimator of RM along the line of sight 
of the FRB. The most useful tool was the study of 
polarized extragalactic sources from the NRAO VLA Sky 
Survey (NVSS) which probe specific sightlines through 
the Milk Way [19]. The extragalactic sources in the 
region have largely positive RMs but the nearest source to 
the FRB, approximately 0.2° away on the sky, NVSS 
J181647-045659, shows a deviation and has a low          
RM = -6.3±15.1 rad m-2 consistent with zero, as shown in 
Figure 2. The rotation measure of FRB 150215 is in good 



agreement with the measurement from the nearby NVSS 
source suggesting that very little intrinsic RM was 
imparted on the burst at the source, a result in stark 
contrast to that of FRB 110523 [14]. 
 

 
Figure 2. Rotation measures of extraglactic sources from 
the NVSS measured by Taylor et al. 2009 shown as 
circles with size corresponding to magnitude for positive 
(light blue, +) and negative (red) RMs overlaid on the 
CHIPASS radio continuum map at 1.4~GHz [20]. The 
position of FRB 150215 is shown as a white circle of 
radius 7’ in the center of the image. 
 
4. Studying the FRB population with wide-
field interferometers 
 
Even within the five FRB polarization measurements it is 
difficult, if not impossible, to draw a clear conclusion 
about the properties of the population. With such a small 
population of known bursts this problem is ubiquitous 
across all areas of the FRB parameter space. Ultimately 
more bursts will be needed to study the population as a 
whole and derive fundamental information about the 
unifying properties of FRBs. 
 
Current estimates of the FRB rate give enormous number 
for the all-sky population: RFRB = 5.7-1.5/;.1 x 103 FRBs sky-1 
day-1 above the Parkes telescope detection threshold [21]. 
The low number of FRBs detected thus far is primarily 
because of the small field of view of many radio 
telescopes. Current generation telescopes searching for 
FRBs use only a single large dish (e.g. the Parkes 
telescope) and survey the sky with small beams. In an 
effort to increase survey speed, many next generation 
telescopes are being constructed to harness the collecting 
area of many smaller dishes or elements to make one 
larger telescope, but with a much larger field of view.  
 
One such effort is being conducted in the Netherlands 
with the Westerbork Synthesis Radio Telescope (WSRT), 
a linear array of 12 20-m dishes. Historically each dish 
had a single pixel feed, similar to most large single-dish 

radio telescopes. The Aperture Tile in Focus (Apertif) 
upgrade to WSRT has equipped each dish with a new 
focal plane array feed capable of forming tens of beams 
on the sky with an enormous upgrade to the field of view. 
 
The Apertif field of view of roughly 8.7 deg2 provides an 
eighteen times improvement on the field of view of the 
current Parkes telescope receiver with similar sensitivity, 
see Figure 3. Thus, Apertif can survey the sky eighteen 
times faster, and will have an FRB detection rate 
approximately eighteen times higher than that of Parkes, 
the most successful FRB finding telescope to-date. The 
designated project to search for FRBs, pulsars, and other 
radio transients with Apertif is called ALERT: The 
Apertif LOFAR Exploration of the Radio Transient Sky, 
which will run a survey for three years with Apertif and is 
expected to find hundreds of FRBs. 
 

 
Figure 3. The field of view of a single dish in the 
Westerbork array with the single pixel feed (left) and the 
improved field of view available with the focal plane 
array from the Apertif upgrade (right). Figure credit: J. 
van Leeuwen. 
 
At the time of writing in January of 2017 Apertif is in the 
early stages of commissioning. The frontends are being 
tested and calibrated, and first light for both the 
continuum imaging and pulsar machines has been 
achieved. The first tests of the FRB search pipeline are 
expected in the coming months, and by the time of the 
URSI meeting preliminary FRB searches will have begun.  
 
The FRB search will create compound beams (CBs) on 
the sky as shown in the right hand side of Figure 3. Each 
CB will be sampled by 71 synthesized beams in a grating 
pattern across the circular CB. In total over 2,600 
synthesized beams will be searched simultaneously in 
real-time on a dedicated GPU cluster hosted at the WSRT 
site. When a suitable FRB candidate is detected with this 
pipeline real-time triggers will be sent to follow-up 
telescopes in the form of a VOEvent, a machine parsable 
detection summary that contains all event parameters 
needed to ensure rapid follow-up [22]. Such events have 
already been used to great success in the follow-up of 
gamma-ray bursts and supernovae.  
 
With current rate estimates from Parkes [21], the expected 
detection rate of FRBs with ALERT is approximately 1 
FRB day-1 at full sensitivity, corresponding to a doubling 



of the current FRB population in a matter of weeks. 
However, the all-sky FRB rate, while known to be high, is 
still relatively poorly constrained. This may be an 
overestimate, but first results from ALERT will help to 
constrain the FRB rate.  
 
5. Conclusion 
 
Fast radio bursts (FRBs) are a subject of intense interest 
in modern astrophysics. Their progenitors remain 
unknown but their origins lie far outside our own Galaxy. 
The field is progressing quickly and each new detection 
brings additional information about the population. A new 
burst detected with Parkes, FRB 150215, is highly 
linearly polarized (43±5%) with a rotation measure 
consistent with zero, unusual given its detection at low 
Galactic latitude. Ultimately, more bursts are needed to 
understand where this source fits in the population. New 
efforts with wide-field interferometers such as the Apertif 
upgrade to the Westerbork Synthesis Radio Telescope are 
expected to find hundreds of new FRBs, detecting perhaps 
up to 1 FRB per day! These rapid increases in the FRB 
population are expected to provide a rich test bed for 
further study of FRBs and their origins.  
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