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Pulsar Searches in many guises
Targeted pulsar searches of SNRs, PWNe, and high-energy point sources

Globular Cluster Searches

Extragalactic searches

Using Radio Pulsars to Probe Gravity, Dark Matter and Stellar Populations                           
in the Galactic Center

Galactic plane survey

Fast transients: expanding the parameter space

Rich locations for pulsars, in particular young pulsars, and energetic MSPs
Relatively “point like” so not many beams needed
High gain of meerKAT beats current Southern telescopes 

Rich locations for pulsars, in particular MSPs and interesting binaries
Relatively “point like” so not many beams needed
High gain of meerKAT beats current Southern telescopes 

Relatively “point like” so not many beams needed
High gain of meerKAT beats current Southern telescopes 
Predictions indicate that should be able to find a “few’

Unique high frequency capability of meerKAT
Implemented later when these frequencies became available
Extremely interesting science
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Ambitious, requires about 500 tied-array beams
Will be developed in collaboration with meerKAT team
An absolutely vital step towards the SKA

Search all of the pulsar obs, but also commensal high time resoln. 

Commensal
& Targetted



Why large FoV is good! 
Large Field of View allows 
 - fast surveys 
 - multiple sweeps over Galactic plane 
 - even repeated coverage of the whole sky 
      -> Very sensitive to RRATS and Intermittent pulsars which    
      are  only visible for very limited time (e.g. RRATS for ~1s/day) 
      -> Also good for eccentric binaries as can catch at apastron 
- short integration times are good for fast binaries in general 

Speed-up in survey time means that we can afford long integration 
times and achieve large sensitivity for 
- finding lots of pulsars / MSPs 

But can we access all of that FoV for pulsar surveys? Long stares are also possible when have 
good FoV like this



Why FoV is hard
To search for radio pulsars need high time & freq. resoln.

How do we do this for the whole FoV?

Dump correlation products every 50us -- Unlikely

Form large numbers of tied-array or pencil beams

      Nbeams = (Dcore/Ddish)
2
;  Nbeams = (1000/13.5)

2     = 5500
                                           

Vast majority of these beams at much lower 
sensitivity as near half power point

And a “pulsar backend” is required to search each one. 



Why meerKATTRAPUM Observational Strategy

Figure 3: The dependance of the FoM
(= Nbeams · FoVbeam · S2) and number of
beams as a function of core radius. We only
use beams out to the 80% power point (∼35%
of FoV: FoV35). The solid line shows the
FoM (left y-axis; assuming entire FoV35 is
filled with beams), the striped line shows
the number of beams required to fill FoV35
(right y-axis), the striped-dotted line shows
the number of beams required to match the
FoM of the PMB survey (right y-axis). The
vertical dotted line corresponds to the core-
radius that provides the minimum required
sensitivity assuming a 15 minute observation
time and a sensitivity equal to that of the
PMB.

starting at 2 GHz can find pulsars on the near side of the Galactic
Center population. Later the high frequency receivers will be
used to make observations that allow us to probe deeper into the
potential well. This requires an observing time of approximately
1000 hours.

To find the optimal settings for a GP survey with MeerKAT we
have carried out simulations ( e.g. Smits et al 2009). Noting the
almost 2-d Gaussian distribution of dishes with a dispersion of
300 m, normalised to 56 dishes within a 500-m radius, we consid-
ered the optimal core-radius, number of dishes and beams. An in-
tegration time of 15min. is used to optimise sensitivity to binary
pulsars for acceptable computational load. To realise a survey
more sensitive and faster than possible with the Parkes multi-
beam (PMB) requires our observing specifications lie rightwards
of the dashed line (Fig. 3). We therefore consider a strawman
survey to search 5700 square degrees along the GP with the in-
nermost 300 m of MeerKAT with 500 MHz of bandwidth at the
lower edge of the L-band. This may be modified based on avail-
ability of computing resources. This survey would be 1.8 times
more sensitive than the PMB and twice (with 500 beams) as fast.
It will take ∼200 days and using the code we developed for the
SKA simulations we expect to find about 1000 new pulsars.

Sufficient observing time to establish timing solutions and de-
tailed studies, for all newly discovered sources will be needed.
The wide field of view and multi-beaming capability and better
initial position determination will mean that MeerKAT can do
this relatively efficiently. Sharing some of the observing load with with Northern hempisphere dishes we
estimate that ∼2000 hours would be required giving a total for the GP survey of 7000 hours.

Milestones: The transient and pulsar surveys can be carried out as the dishes, receivers, processing and
storage capacity comes online. We provide below an approximately time ordered list of milestones.

2010–2012 Test pulsar search observations using one (few) beams with KAT-7.

2010–2012 Transient searches in both incoherent and fly’s eye mode with KAT-7

2012 As more dishes rolled out one can start testing some of the commensal observing modes.

2012 First 25 dishes (approx. PMB sensitivity) single beam searches of point sources expanding to
mulitple beams to allow for downstream tests and early science.

2012 Next stage transient searches: testing coherent, incoherent and fly’s eye mode with sensitivity
approaching that of the ATA.

2013 Using fully populated core search targetted sources using a few 10’s of beams. Searches of the
Galactic center could begin. These targetted searches will provide initial rapid science results.

2014–2017 Large scale surveys: external galaxies and along the plane.

2014–2017 Full scale transient observations, piggy backing and flys eye would also begin.

2014-2017 High frequency searching in the Galactic center.
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Only indicative, needs update for new specs
Will be better now that have more compact 

core



Cas A - X-ray - Chandra/NASA  

Supernova Remnants

Big problem in `90s about where were all 
PSRs in SNRs

Then Camilo et al found a few very faint 
objects in SNRs

Discovery of RRATs, plus magnetars and 
new types NSs => population problem 
(Keane & Kramer 2008)

CCOs: what fraction really radio quiet?

High freqs to get to SNRs in plane.

Young pulsars useful for spin evolution.



High Energy Point Sources
Fermi has seen gamma-ray 
emission from many 10s pulsars

Many UNID sources

> 16 found as pulsars from 
gamma-ray only, only 3 of those 
seen in radio!

Some 20 UNIDs have turned out 
to be MSPs! Probably most 
efficient way yet to find MSPs

MeerKAT sensitivity and FoV 
(only few beams needed) mean 
can find many more of these MSPs



Pulsar Wind Nebulae

HESS, and now the other Cerenkov arrays, VERITAS, Magic, 
etc... are finding very interesting PWNe

Telling us a lot about the energetics of pulsar winds and point 
to the locations of young, energetic and fast moving psrs.

Ideally places to search for new sources, ideally co-located cf. 
HESS



Globular Clusters
very large number of MSPs per unit stellar 
mass compared with the Galactic plane

e.g. Terzan 5 and 47 Tuc, which contain 33 
and 22 known pulsars respectively

MeerKATʼs geographical location gives it an 
excellent view of the rich, dense GCs 
located in the Galactic bulge

Many known pulsars in these clusters are in 
exotic binary systems (e.g. DNSs, planetary 
mass companions)

Full scope of possible pulsar binary systems 
=> understanding of the environment of GCs 
& evolution of these pulsar systems.

Possibles: e.g. a sub-millisecond pulsar, 

Access more extreme binaries, perhaps 
even BH-PSR, or IMBH-PSR,  as shorter 
integration times can be used to detect 
these sources, reducing computation time. 

Even largest GCs are 
small enough that 

can use a “few” 
beams from full 

array



Extragalactic Searches
MeerKAT will have sensitivity to find 
pulsars in and beyond the “clouds”

Typically “small” on the sky, don’t need 
many beams.

Our analysis shows that MeerKAT could 
find normal pulsars in nearby galaxies and 
Crab-like giant pulses out beyond the local 
group galaxies

Probe the intergalactic medium, probe the 
WHIM, get around the issues associated 
with spectral line methods

Populations compared to galaxy type, star 
formation rates, metallicity etc...

Propose to observe 15 nearby galaxies

Extra-Galactic Distance Limit 

For z < 2,  

DM ~ 1200z pc cm-3 

(z = 0.3 --> 1 Gpc) 

What can we expect from 
inter-galactic 
scattering? 

Large Magellanic Cloud 50 kpc 



Galactic Center
10% of star formation and SGR A*
expect some 100s to 1000s pulsars present
Timing can determine precision masses for 
pulsars with stellar-mass companions and can 
detect perturbations from the dark matter 
cloud.
timing provides unique opportunity to study 
gravity in strong-field regime
test no hair theorem
need to find them within 100pc and 
preferentially at 1000 AU (IR stars)
Limited by source confusion, pulsed signals of 
pulsars are not
BUT are affected by multi-path propagation 
effects, scattering
need to go to high frequencies
timing also affected, but gravity effects scale 
as some power of pulsar mass and this is 106 
times higher!

– 2 –

array and encompass the region of greatest interest. Figure 1 shows detection curves for MeerKAT
for six-hour pointings and other assumptions given in the caption, showing that MeerKAT surveys
can detect a good fraction of the luminosity function. Multiple pointings on different days can
be combined incoherently to improve the sensitivity. Initially, low-frequency searches starting at
2 GHz can find pulsars on the near side of the GC population and we can work our way up in
frequency to probe deeper into the potential well. Our search analysis will use standard techniques
(dedispersion and FFTs) but we will compensate for possible orbital motion of pulsars with stellar-
mass companions by employing full circular orbits. In addition, we will also search for isolated
bursts using matched filters that incorporate asymmetry due to scattering broadening.

Timing: The pulsars of greatest interest — those within a few hundred AU of Sgr A* say, will
still show scattering broadening even at 10 GHz. The timing “precision” may be 10 ms. While
large, the GR effects and orbital perturbations are also much larger than in the stellar-mass NS-NS
binaries. We will use standard techniques for the timing as well.

Fig. 1.— (Left) Schematic view of the content s of the Galactic center region based on results
from the literature (Cordes et al., in preparation) (Right) Sensitivity curves for periodicity searches
for pulsars in the Galactic Center. Pulsars above the curves are detectable. Curves are plotted
against spin period and pseudo-luminosity, Lp, and assume 6-hr data sets with a threshold of 10σ

for bandwidths of 1, 1, 2, 4 and 4 GHz at center frequencies 2, 5, 9, 12 and 15 GHz. The calculations
used the NE2001 model to account for pulse distortion from residual dispersion smearing and from
scattering broadening; the latter scales as ν−4 and strongly limits the detection of pulsars at the
lower frequencies. Curves for the different frequencies are rescaled to 1.4 GHz assuming a spectral
index of 2 (defined so that flux density ∝ ν−2). Less-steep spectra will move the curves downward.
Pulsars nearer the Earth and longer integration times will also have curves below those shown.
Using less of MeerKAT’s collecting area in a blind survey that uses only the core array will move
the curves upward. Plotted points use periods and values of Lp from the ATNF/Jodrell pulsar
catalog.



Galactic centerTRAPUM Science Case

Figure 1: Sensitivity curves for periodicity searches for pul-

sars in the Galactic Center. Pulsars above the curves are de-

tectable. Curves are plotted against spin period and pseudo-

luminosity, Lp, and assume 6-hr data sets with a threshold of

10σ at center frequencies 2, 5, 9, 12 and 15 GHz for bandwidths

of 1, 1, 2, 4 and 4 GHz. The calculations used the NE2001

model to account for pulse distortion from residual dispersion

smearing and scattering broadening. Curves for the different

frequencies are rescaled to 1.4 GHz assuming a spectral index

of 2 (defined so that flux density ∝ ν−2
). Pulsars nearer the

Earth and longer integration times will corresponds to curves

below those shown. A blind survey that uses only the core

array will move the curves upward. Plotted points use periods

and values of Lp from the ATNF/Jodrell pulsar catalog.

Using Radio Pulsars to Probe Gravity,
Dark Matter and Stellar Populations in the
Galactic Center As the line of sight through a
region where 10% of the Galaxy’s star formation
occurs and that contains the Galaxy’s supermas-
sive black hole, the Galactic center is a prime tar-
get for MeerKAT. Observing the Galactic center
is high priority because timing of pulsars in close
proximity to Sgr A* provides unique opportunities
for testing theories of gravity in the strong field
regime around the supermassive (∼ 4.1× 106M⊙)
black hole, determining it’s spin, and testing the
“no-hair” theorem. The region around Sgr A* also
contains stellar mass black holes, other neutron
stars, and dark matter that has collected there as
a consequence of the assembly of the Galaxy. Pul-
sar timing can determine precision masses for pul-
sars with stellar-mass companions and can detect
perturbations from the dark matter cloud. Discov-
ering and timing pulsars in the Galactic center is
part of the SKA’s Key Science Project ”Strong-
field Gravity with Pulsars and Black Holes” [21],
aligning our proposed observations with the SKA
Science Case.
It is likely that some thousands of radio pulsars
are active in the Galactic center (see Fig 1;[29, 8]).
The first challenge is to discover pulsars within
100 pc of Sgr A* and particularly those within
1000 AU, which is approximately the semi-major
axis of IR stars that have been monitored suc-
cessfully with the Keck telescopes and the VLT.
Whereas IR surveys are limited by source confusion even with an interferometric system working with an
ELT, the temporal nature of pulsars allows them to be found on orbits much nearer Sgr A*. In principle,
pulsars can be identified and timed to distances arbitrarily close to the innermost stable circular orbit
with radius ∼ 0.1 AU. The difficulty arises from multipath scattering by the turbulent plasma surround-
ing Sgr A* that renders pulsed signals into effectively continuous ones. As a consequence, of the current
census of 2000 pulsars, only 5 are known in the Galactic center [15, 8]. Making use of MeerKAT’s high-
frequency capability the pulse broadening can be reduced substantially, potentially below 0.1 s for pulsars
very near Sgr A* and will be much smaller for pulsars somewhat further away, allowing the discovery of
pulsars deep in the potential well of Sgr A*.
The pulsars of greatest interest — those within a few hundred AU of Sgr A* say, will still show scattering
broadening even at 10 GHz and so the timing “precision” may be as low as 10 ms. While large, the general
relativistic effects and orbital perturbations are also much larger than in the stellar-mass NS-NS binaries
and so this will not limit our ability to use these systems to undertake the proposed science. This follows
because relativistic effects scale to some power of the pulsar’s companion mass, which in this case is 106

times larger, leading to apsidal advance rates and geodetic precession rates of several turns per year or
larger and frame-dragging delays of seconds or more.

5

Sensitivity curves for periodicity searches for 
pulsars in the Galactic Center. Pulsars above 
the curves are detectable. Curves are plotted 
against spin period and pseudo-luminosity, Lp, 
and assume 6-hr data sets with a threshold of 
10σ for bandwidths of 1, 1, 2, 4 and 4 GHz at 
center frequencies 2, 5, 9, 12 and 15 GHz.



Galactic PlaneTRAPUM Science Case

Galactic plane survey Most of the pulsars known have been discovered in the Galactic plane. This
is not surprising as pulsars are expected to form from massive stars which are indeed located in this
area. A survey along the Galactic plane should therefore mostly discover and detect young pulsars which
have not moved far away from their birth place. This is indeed confirmed by discoveries of history’s most
successful survey, the Parkes Multibeam survey [27, 22]. But other, arguably even more intersting sources
are expected to be in this region, namely highly dispersed MSPs missed by previous surveys with poor
time and frequency resolution, and in particular relativistic binary pulsars. Indeed, in order to form the
most sought-after double neutron star systems (or even the enormously exciting pulsar - black hole system
that we strive to find!) the system needs to survive two potentially disruptive supernova explosions which
usually separate the pulsar from its companion. However, depending on the kick direction imparted on
the formed neutron star in the asymmetric supernova explosion, the binary system may survive with a
low systemic velocity, again suggesting that such system stills remain near their birthplace in the Galactic
plane. Again, this is confirmed by the known population of relativistic double neutron stars. A survey in
the Galactic plane is therefore highly interesting for two reasons; a) to provide a step towards the Galactic
census of pulsars that is complementary to low-frequency surveys with LOFAR which will explore the
local solar neighbourhood and b) the discovery of highly relativistic pulsars that enable precision tests
of general relativity and other theories of gravity (e.g. [24]).
Recent efforts by some of us have shown that even in previously searched areas, a large number of exciting
sources can be detected. Previous non-detections can be caused by scattering or dispersion smearing at
lower frequencies, scintillation, acceleration smearing and/or effects intrinsic to the pulsars, namely their
nature as intermittent pulsars [23] or RRATs [28]. A repeated survey therefore delivers usually a higher
percentage of interesting pulsars that can be exploited for various physical or astrophysical questions, as
most ’ordinary’ stars are already known in the survey area. This is particularly true in this survey which
will combine excellent sensitivity, allowing shorter integrations, and a sophisticated acceleration search
to reveal relativistic binaries.
As discussed in detail below we propose to search a 5700 square degrees area (|b| < 15) along the plane
which is somewhat larger that the area covered in the Parkes Multibeam surveys. Simulations show that
the survey will able to find 1000 new pulsars in this region, of which more than 100 will be MSPs.
In summary, the Galactic Plane survey will enable us to pursue the questions about the Galactic pop-
ulation of neutron stars (incl. the relative number of RRATs and pulsars), and the search for exotic
relativistic binary pulsars and MSPs which will be suitable for pulsar timing array experiments.

Fast transients: expanding the parameter space Supported by recent unexpected discoveries
(e.g. RRATs and intermittent pulsars), it has become very clear that the dynamic radio sky is largely
unexplored. At the same time, as radio telescopes become more advanced, the sensitivity per unit
time and frequency is increasing to the extent that very little or no integration is necessary to detect
astrophysical radio emission. That not only gives the possibility to scrutinise the behaviour of known
astrophysical sources with time, but also allows the exciting possibility to discover unknown phenomena
and sources. Those could be detected as bright, but very short duration emission, which would otherwise
go undetected. We discuss some of the possible sources of transient emission below, but note that history
has shown (e.g. discovery of pulsars!) that the most exciting discoveries are the unexpected ones. With
MeerKAT’s unique combination of system parameters (wide FoV, large sensitivity and good frequency
coverage) it will be a prime instrument to study the largely unexplored transient sky.
While astronomers have started to search for transients also at other wavebands, the first discoveries of
fast transients have been by the pulsar radio community, through extending pulsar searches to include
the hunt for single pulses. A prime example are the Giant pulses discussed above. Giant pulses from
the Crab pulsar have been seen with fluxes of ∼1500 Jy, and pulse widths of <2 nanoseconds [11]. This
implies a brightness temperature of 1037K, by far the most luminous object ever seen. Similar pulses
in other pulsars can also be extremely bright but rarer and so with the potentially large observing time
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1000 new pulsars and 
100 new MSPs



Spectral index -4+/-1, Dispersion and 
Pulse Broadening (Komolgarov) 

Fast Transients

•Ultra-high-energy particles

•The Sun (Type II and III bursts)

•Flare Stars

•AGN

•Brown dwarfs (scaling from NSs?)

•Planets (Jupiter, Saturn, Exoplanets (low freq?))

•ETI

•Lorimer et al. burst(s) -- note possible “new” source.

•Annihilating black holes, coalescing NSs

•Supernovae

•Neutron Stars, e.g. RRATs (nullers,burpers,etc.),“sometimes a pulsars”, radio magnetars  

•Electromagnetic counterparts to GW sources, Advanced LIGO on similar timescale  

Timescales ~< 1 s. Time Domain
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Why meerKAT

TRAPUM Science Case

available in the commensal mode many other giant pulse emitting sources could be discoverd in our

Galaxy and beyond.

Types of other sources that might be found will include:

RRATs were found in archival searches of Parkes Pulsar Search data. These sources are similar to normal

pulsars but with very low duty cycles, having detected emission for less than a second per day. Given the

number of these currently known (∼30) and their very low duty cycle it would appear that they form a

huge previously undetected population of pulsars, which may well exceed the supernova rate estimates

for the number of neutron stars [18].
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Figure 2: Parameter space versus flux density threshold

for various fast transient searches. Squares represent exist-

ing searches; circles indicate proposed experiments, including

the MeerKAT experiments discussed in the text. Open sym-

bols did not have dispersion searches. The dashed line scales

as S3/2
as a means of comparing populations probed by exper-

iments with different thresholds. The line is set to intersect

the Parkes Multi-beam experiment. The parameter space pa-

rameter is a product of instantaneous FoV and the ratio of

total integration time to characteristic transient search time.

Possibly closely linked to RRATs is the popula-

tion of radio-transient magnetars. For instance,

the magnetar J1810–197 has been detected with

peak single-pulse amplitudes of ∼10 Jy and pulse

widths of ∼0.15 s [3]. Such sources could be de-

tected across the Galaxy by MeerKAT, potentially

converting it into the premier magnetar detector.

It is possible that radio bursts from magnetars

are associated with outbursts at high energies (e.g.

Lyutikov 2003) which may be missed due to sparse

sampling at high energies. A blind radio survey

or a survey of individual or rarely pulsing sources

could detect single-pulses with wide field-of-view

instruments. The positional accuracy that could

be afforded by multiple beam observations or syn-

thesis observations of buffered data, will enable ef-

ficient multi-wavelength follow-up. Increasing the

population of these rare emitters is essential to be

able to place them relative to the other popula-

tions of radio emitting neutron stars. We would

be able to answer questions like, is the cessation of

emission a geometrical effect or a function of vary-

ing pair density in the magnetosphere? Do RRATs

truly have higher magnetic fields and long periods?

As already stated, the real excitement will, how-

ever, come from unexpected discoveries, such as

the detection of the so-called the Lorimer Burst [26], i.e. an extremely short (5 ms wide) and intense (30

Jy) burst, which was found in archived data from the Parkes Multibeam pulsar survey where it appeared

in three beams. Its detection threw the promise of the field into high relief, since its dispersion measure

implies a cosmological origin for the burst, at ∼0.5Gpc. Its intense luminosity and short duration im-

ply a phenomenal energy density and sparked a flurry of theoretical speculation (e.g. Superconducting

Strings [34]). While the true origin of this emission is still under discussion one of the most astonishing

implications of the Lorimer burst is that such events may be no rarer than GRBs, yet they have remained

hitherto undetectable in the radio regime. This leads us to ask what other events could have been missed.

However, while only one poorly localised event remains detected, it is possible that the Lorimer event

may not be extraterrestrial, but may instead represent an entirely new form of emission. The verifiable

detection of more genuine events is thus vital, with localisation precise enough to permit optical follow-up

to confirm their proposed extragalactic origin. Follow-up observations with Parkes are unlikely to find a

second burst because of the small FoV, nor will they ever be able to provide an accurate position.

Magnetically active stars are also prime targets for transient searches as they can produce coherent
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Why large FoV is good! 
Large Field of View allows 
 - fast surveys 
 - multiple sweeps over Galactic plane 
 - even repeated coverage of the whole sky 
      -> Very sensitive to RRATS and Intermittent pulsars which    
      are  only visible for very limited time (e.g. RRATS for ~1s/day) 
      -> Also good for eccentric binaries as can catch at apastron 
- short integration times are good for fast binaries in general 

Speed-up in survey time means that we can afford long integration 
times and achieve large sensitivity for 
- finding lots of pulsars / MSPs 

But can we access all of that FoV for pulsar surveys? 



Why FoV is hard
To search for radio pulsars need high time & freq. resoln.

How do we do this for the whole FoV?

Dump correlation products every 50us -- Unlikely

Form large numbers of tied-array or pencil beams

      Nbeams = (Dcore/Ddish)
2
;  Nbeams = (1000/13.5)

2     = 5500
                                           

Vast majority of these beams at much lower 
sensitivity as near half power point

And a “pulsar backend” is required to search each one. 



Why meerKATTRAPUM Observational Strategy

Figure 3: The dependance of the FoM
(= Nbeams · FoVbeam · S2) and number of
beams as a function of core radius. We only
use beams out to the 80% power point (∼35%
of FoV: FoV35). The solid line shows the
FoM (left y-axis; assuming entire FoV35 is
filled with beams), the striped line shows
the number of beams required to fill FoV35
(right y-axis), the striped-dotted line shows
the number of beams required to match the
FoM of the PMB survey (right y-axis). The
vertical dotted line corresponds to the core-
radius that provides the minimum required
sensitivity assuming a 15 minute observation
time and a sensitivity equal to that of the
PMB.

starting at 2 GHz can find pulsars on the near side of the Galactic
Center population. Later the high frequency receivers will be
used to make observations that allow us to probe deeper into the
potential well. This requires an observing time of approximately
1000 hours.

To find the optimal settings for a GP survey with MeerKAT we
have carried out simulations ( e.g. Smits et al 2009). Noting the
almost 2-d Gaussian distribution of dishes with a dispersion of
300 m, normalised to 56 dishes within a 500-m radius, we consid-
ered the optimal core-radius, number of dishes and beams. An in-
tegration time of 15min. is used to optimise sensitivity to binary
pulsars for acceptable computational load. To realise a survey
more sensitive and faster than possible with the Parkes multi-
beam (PMB) requires our observing specifications lie rightwards
of the dashed line (Fig. 3). We therefore consider a strawman
survey to search 5700 square degrees along the GP with the in-
nermost 300 m of MeerKAT with 500 MHz of bandwidth at the
lower edge of the L-band. This may be modified based on avail-
ability of computing resources. This survey would be 1.8 times
more sensitive than the PMB and twice (with 500 beams) as fast.
It will take ∼200 days and using the code we developed for the
SKA simulations we expect to find about 1000 new pulsars.

Sufficient observing time to establish timing solutions and de-
tailed studies, for all newly discovered sources will be needed.
The wide field of view and multi-beaming capability and better
initial position determination will mean that MeerKAT can do
this relatively efficiently. Sharing some of the observing load with with Northern hempisphere dishes we
estimate that ∼2000 hours would be required giving a total for the GP survey of 7000 hours.

Milestones: The transient and pulsar surveys can be carried out as the dishes, receivers, processing and
storage capacity comes online. We provide below an approximately time ordered list of milestones.

2010–2012 Test pulsar search observations using one (few) beams with KAT-7.

2010–2012 Transient searches in both incoherent and fly’s eye mode with KAT-7

2012 As more dishes rolled out one can start testing some of the commensal observing modes.

2012 First 25 dishes (approx. PMB sensitivity) single beam searches of point sources expanding to
mulitple beams to allow for downstream tests and early science.

2012 Next stage transient searches: testing coherent, incoherent and fly’s eye mode with sensitivity
approaching that of the ATA.

2013 Using fully populated core search targetted sources using a few 10’s of beams. Searches of the
Galactic center could begin. These targetted searches will provide initial rapid science results.

2014–2017 Large scale surveys: external galaxies and along the plane.

2014–2017 Full scale transient observations, piggy backing and flys eye would also begin.

2014-2017 High frequency searching in the Galactic center.
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Only indicative, needs update for new specs
Will be better now that have more compact 

core



Why large number beams 
good,

Modern pulsar surveys are so sensitive they find millions-
billions of candidates, can’t inspect manually

Need better way --> NNets, currently achieving about 98%

Need to also develop similar for fast transients



LOFAR

incoherent shallow survey already underway

multiple coherent beams possible, expect couple 
hundred with new CEP (now)

Some point source searching started

Processing will be done offline, many more DM trials 
than needed for MeerKAT



3.2Gb

reduced data

800M 800M 800M 800M

!"#$%&&''(&)$
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Overlap
Plenty of fields that are in common with other 
projects, but in particular with TKat

Like Tkat, if possible we would want to be 
commensurate on as many projects as possible. 

May require we run with reduced resources, 
e.g. incoherent sum.

Especially interesting to get to the GP, but there 
we do need maximal resources. 



Conclusions
MeerKAT will be an excellent telescope for finding new 
pulsars and fast transients. 

There are many interesting regions of the sky that we 
can survey without needing hundreds of beams

Doing the Galactic Plane is where vast riches are to be 
found, it looks like quite large numbers of beams poss.

We can start already with KAT-7, in particular for the 
fast transients even incoherent sum!

Can “reuse” lots of other work going on!

TRAPUM is ready to be SPRUNG


