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Galactic Centre Pulsars with the SKAO Abbate et al.

The detection of a pulsar closely orbiting our Galaxy’s supermassive black hole -
Sagittarius A* - is one of the ultimate prizes in pulsar astrophysics. The relativistic
effects expected in such a system could far exceed those currently observable
in compact binaries such as double neutron stars and pulsar white dwarfs. In
addition, pulsars offer the opportunity to study the magneto-ionic properties of
Earth’s nearest galactic nucleus in unprecedented detail. For these reasons, and
more, a multitude of pulsar searches of the Galactic Centre have been undertaken,
with the outcome of just seven pulsar detections within a projected distance of
100 pc from Sagittarius A*. It is currently understood that a larger underlying
population likely exists, but it is not until observations with the SKA have started
that this population can be revealed. In this chapter, we look at important updates
since the publication of the last SKAO science book and offer a focused view of
observing strategies and likely outcomes with the updated SKAO design.
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1 Introduction

A decade has passed since the publication of the last report on the prospects of observing pulsars
in the Galactic Centre (GC) with the SKAO (Eatough et al., 2015). Over this time, the interest for
the GC has grown and reached a high point thanks to the Nobel Prize in Physics 2020 awarded to
Roger Penrose, Reinhard Genzel and Andrea Ghez in part for the discovery of the supermassive
compact object at the centre of our Galaxy. In view of all the novel science results surrounding
the GC, we discuss the updates regarding pulsar science and the prospects of discoveries using the
current re-design of the SKAO.

A wide range of independent astronomical observations - using entirely different methods and at
multiple wavelengths - now provide a wealth of evidence indicating that Sagittarius A* (Sgr A*) -
the ultra compact radio source in the GC - is indeed a supermassive black hole.

One method involves high precision astrometry in the near infrared. Great effort has been spent
on the precise tracking of the S0-2 star that orbits around Sgr A* every ∼ 15 years (Gravity
Collaboration et al., 2018a, 2020; Do et al., 2019). These efforts led to the detection of several
relativistic effects like gravitational redshift and Schwarzschild precession that are compatible with
the predictions of General Relativity (GR). The detection in infrared of a hot spot orbiting around
Sgr A* at about 6-10 gravitational radii and moving at almost 30 percent the speed of light further
confirmed these results (Gravity Collaboration et al., 2018b).

A different experiment using novel interferometric techniques at millimeter wavelengths redefined
the concept of black hole imaging. The Event Horizon Telescope (EHT) Collaboration was able to
create images of the supermassive black holes M87* and Sgr A* detailed enough to see the shadow
cast by the black holes on the surrounding plasma (Event Horizon Telescope Collaboration et al.,
2019a, 2022a). When compared to synthetic images based on general relativistic magnetohydro-
dynamic simulations, the EHT results provide a new promising way to measure the properties of
black holes and test General Relativity and alternative theories in the strong-field regime (Event
Horizon Telescope Collaboration et al., 2019b, 2022b; Younsi et al., 2023).

In addition to the astrometry and imaging experiments, the discovery of a pulsar in orbit around
Sgr A* would be of particular importance in furthering our knowledge of the black hole and to
perform additional tests of gravity theories at an unprecedented level. The extremely high timing
precision and stability that can be achieved with radio pulsars has led to very high precision
tests of gravity theories (e.g., see Kramer et al. 2021; Freire and Wex 2024). The information
that could be derived via pulsar timing is highly complementary to those from astrometry and
imaging experiments. Psaltis et al. (2016), for example, shows how the measurements of the spin
and quadrupole moment of Sgr A*, possible with pulsars, have correlated uncertainties that are
orthogonal to those of the black hole shadow images.

Over the decades, there has been significant interest in a potentially large but undetected pulsar
population towards the GC (Johnston, 1994; Johnston et al., 1995; Cordes and Lazio, 1997; Pfahl
and Loeb, 2004; Wharton et al., 2012; Dexter and O’Leary, 2014). There is good reason to suspect
the presence of a large number of pulsars in the region. Optical photometry of stars close to the GC
shows evidence of recent star formation in the past few 100 Myr (Schödel et al., 2020). This recent
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star formation could have produced a few hundreds of young pulsars active in the radio band within
1 parsec of the GC.

The stellar densities in the central parsecs are so high that dynamical encounters between stars can
occur at a rate similar to or even higher than that of globular clusters. These types of interactions
are typically linked with an overabundance of X-ray binaries (Clark, 1975) which results in an
overabundance of millisecond pulsars (MSP). X-ray binaries do appear to be more prevalent in the
central few parsecs from Sgr A* (Muno et al., 2005; Hailey et al., 2018). This suggests that a large
number of MSPs may be found in this region. Estimates of this number can be as large as a few
thousands (Wharton et al., 2012; Abbate et al., 2018).

Despite these expectations, dedicated pulsar surveys done in the last 10 years with the most sensitive
telescopes available have failed to discover new pulsars in the GC (Liu et al., 2021; Torne et al.,
2021; Eatough et al., 2021; Suresh et al., 2022; Torne et al., 2023; Desvignes et al., 2025; Perez
et al., 2026). The only discovery in the region was possible thanks to the reprocessing of archival
observations of the region (Wongphechauxsorn et al., 2024). This suggests that, in order to find
these pulsars, a big leap in sensitivity is needed. In the foreseeable future, the only telescope capable
of this leap and that is located in the Southern hemisphere is the SKA-MID. In Section 2 we report
the science results that could be achieved with the discovery of pulsars in orbit around Sgr A* and
in the wider GC region. In Section 3 we describe the properties of the pulsars that have already
been discovered in this region. In Section 4 we describe the sensitivity limits achievable with the
SKA-MID telescope assuming the properties of the staged deliveries AA* and AA4 (Braun et al.,
2019).

2 Using Pulsars at the Galaxy’s centre

2.1 Proposed gravity tests

As excellent clocks in nature, pulsars in the GC or even orbiting Sgr A* will provide powerful
probes of the astrophysical environment and spacetime around the central SMBH, and are a unique
test bed for gravity theories (Paczynski and Trimble, 1979; Wex et al., 1996; Pfahl and Loeb, 2004;
Kramer et al., 2004; Liu et al., 2012; Psaltis et al., 2016; Zhang and Saha, 2017; Hu et al., 2023).
Various studies had shown that even with relatively large timing noise compared to the typical
timing precision in binary pulsar systems, pulsars orbiting Sgr A* can make gravity tests that are
unachievable for normal binary pulsars (Liu et al., 2012; Psaltis et al., 2016; Hu and Shao, 2024).

Recording and building timing models for the pulse times of arrival (TOAs) from an orbiting
pulsar can provide a measurement of the orbital dynamic of the pulsar. At the leading order, the
pulsar’s motion is described by the standard Keplerian parameters. However, for many systems,
the timing precision is high enough to measure the relativistic effects that can be parameterized by
the so-called post-Keplerian (PK) parameters (Damour and Deruelle, 1986). Measurement of 𝑛 PK
parameters can provide 𝑛−2 independent tests of the gravity theory through the mass-mass diagram.
The state-of-the-art illustration of this method of testing gravity theories is from the double pulsar
system, PSR J0737−3039A/B, which validates the predictions of GR at better than the 10−4 level
and starts to observe even next-to-leading-order effects (Kramer et al., 2021). However, the double
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pulsar system still represents a relatively weak field case. Consider the depth of the gravitational
potential to be 𝐺𝑀/𝑎𝑐2, for a total system mass 𝑀 and semi-major axis 𝑎, with 𝐺 and 𝑐 being
the gravitational constants and the speed of light. The current population of binary pulsars probes
only to 𝐺𝑀/𝑎𝑐2 ≲ 10−5.5. By contrast, a pulsar with an orbit comparable to the star S0-2 (with an
orbital period, 𝑃𝑏 ≈ 15 yr) would probe to 𝐺𝑀/𝑎𝑐2 ∼ 10−4.5; pulsars with shorter orbital periods
could probe to even larger values of 𝐺𝑀/𝑎𝑐2.

Pulsars in close orbits around Sgr A* are extremely suitable for observing several relativistic effects
due to the large magnitudes of these effects in a pulsar-SMBH system. The Römer delay for a pulsar
with 1 year edge-on orbit is of the order of 105 s, which is much larger than the expected timing
precision (Liu et al., 2012). The magnitudes of higher-order post-Newtonian (PN) effects like the first
or second order Shapiro delay or Einstein delay (Lorimer and Kramer, 2012) then can be estimated by
multiplying the orbital velocity parameter of the system, 𝛽𝑂 ≡ (2𝜋𝐺𝑀/𝑐3𝑃𝑏)1/3 ∼ 0.02 (Damour
and Taylor, 1992). Eccentric orbits may further enhance the amplitude for these effects. For example,
the leading-order Einstein delay can be of order of 20 minutes (Liu et al., 2012). Consequently,
one expects to measure these relativistic effects to a high precision in a relatively short observation
time span like 5 yr for a pulsar with 𝑃𝑏 ≲ 1 yr. Orbital effects like Lense-Thirring drag and orbital
deformation corresponding to the spin-orbital coupling and quadrupole interaction then enable the
measurement of the spin and quadrupole moment of Sgr A* with a fractional precision of 10−2 to
10−3 (Liu et al., 2012; Psaltis et al., 2016; Hu et al., 2023), and allow for the test of the cosmic
censorship conjecture and the no-hair theorem in GR. On the other hand, due to the extreme mass
ratio of this system, which is smaller than 10−6, the orbital decay caused by gravitational radiation
only becomes important for very compact orbits (𝑃𝑏 ≲ 10 hr), that are unlikely to be found in the
future. It’s important to note that the timing models currently used based on the PN formalism
will start to show inaccuracies in the case of a bright MSP in close orbit around SgrA* and a more
accurate approach based on full GR will be needed (Carleo et al., 2025).

The values of the spin and quadrupole moment of Sgr A* that can be measured using pulsars can be
compared to the constraints obtained from the EHT images and the orbit of the S2 stars (Psaltis et al.,
2016; Ayzenberg et al., 2025). Additional constraints can come from observations with the future
Laser Interferometer Space Antenna (LISA, Seoane et al. 2023). This instrument has the potential
to observe extreme mass ratio inspirals (EMRIs) around Sgr A* that could provide tight estimates
of its spin with a fractional precision of 10−2, similar or even better than what is achievable with
pulsars (Tahura et al., 2022). The constraints from the different probes are highly complementary
and will allow for invaluable tests of self consistency of the models used and increase the confidence
in the detection and in the tests of the no-hair theorem.

At present, the prospect of measuring the properties of Sgr A* with high precision via pulsar timing
is based on the assumption that the system is sufficiently unperturbed from the GC environment.
However, stars, Dark Matter, and magnetized plasma in fact can cause many perturbations that
can be detected in pulsar TOAs and may spoil the measurement of the SMBH properties (Merritt
et al., 2010). Even for a pulsar in a close orbit, if the orbital eccentricity is large, which is
favored for measuring the spin of Sgr A*, the pulsar’s orbital motion can be perturbed when it
is around the apoastron. A simple strategy to avoid modeling the environmental effects is to use
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only the timing data corresponding to the periastron passage, where the orbital dynamic of the
pulsar is dominated by the SMBH (Psaltis et al., 2016). However, the spin measurement requires
the observation of second-order time derivatives of the orbital parameters in order to break the
leading-order degeneracy (Liu et al., 2012; Zhang and Saha, 2017), and the measurement becomes
much less accurate for the mentioned strategy (Psaltis et al., 2016). A recent study shows that by
combining the timing of two or more pulsars, one can efficiently break the degeneracy with only
measuring the leading-order time derivatives and only requires pulsars in moderate orbital periods
(𝑃𝑏 ∼ 2 − 5 yr) thus is compatible with the strategy (Hu and Shao, 2024).

By considering the environmental effects or modified gravity effects directly in the timing model,
it has been shown that pulsars around Sgr A* are also unique probe for studying the astrophysical
environment around Sgr A* and testing modified gravity theories (Carleo and Ben-Salem, 2023).
Similar to the measurement from tracking S-star orbit (Heißel et al., 2022), timing a pulsar orbiting
Sgr A* can constraint the mass distribution around Sgr A*, which may reflect the dark matter
properties (Hu et al., 2023) or the smooth distributed stars (Weinberg et al., 2005). Also, significant
contribution from another compact object with large mass, for example, an intermediate-mass
black hole (IMBH), will leave characteristic signatures in the timing residuals, and their existence
can be constrained with pulsar timing (Straub et al., 2023). It also has been shown that pulsar-
SMBH system can provide a unique constraint in parameter space for Yukawa gravity, which is a
phenomenological model that has a massive graviton (Dong et al., 2022). Other modified gravity
theories, like bumblebee gravity model, can also be constrained with such systems (Della Monica
et al., 2023; Hu et al., 2024).

2.2 GC interstellar medium studies

An important reason why only a few pulsars have been found in the GC is the scattering caused by
the interstellar medium (ISM). Due to multi-path propagation through the magneto-ionized ISM, a
portion of the radio signal travels along longer paths, causing asymmetric broadening of the pulse
profile. The characteristic timescale of this broadening is known as the scattering time, 𝜏sc. This is
commonly modeled as 𝜏sc = 𝜏sc,1 GHz

(
𝑓

1 GHz

)−𝛼sc
, where 𝛼sc ≈ 4 for a thin-screen approximation.

Adopting the GC distance and angular broadening size of Sgr A* (Bower et al., 2014b), and a
distance of 130 pc of the scattering screen from the GC (Lazio and Cordes, 1998), the scattering
time is 𝜏sc ∼ 210 s at 1 GHz (Macquart and Kanekar, 2015). In this case, finding a MSP in the GC
is only possible with observations at a frequency higher than 10 GHz.

Fortunately, the measurement of the scattering from PSR J1745−2900, at a projected distance of
∼ 0.1 pc from Sgr A*, is significantly smaller, 𝜏sc ∼ 1.3 s at 1 GHz (Spitler et al., 2014). This
discrepancy shows that the scattering scenario around Sgr A* can be complex. Additional pulsar
discoveries close to Sgr A* will help us create better scattering models and improve our knowledge
of the properties of the ISM in the region.

In addition to the scattering properties, eventual discovery of pulsars inhabiting the central parsec
will help to determine the gas density and magnetic field strength (Eatough et al., 2015). The
central parsec is characterized by the infall of gas along streams called "mini-spiral" due to their
shape resembling spiral arms (Lo and Claussen, 1983). These gas streams are tied with the complex
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magnetic field in the region (Hsieh et al., 2018). If pulsars are found within these structures, the
measurements of Dispersion Measure (DM) and Rotation Measure (RM) can constrain the gas
density and the magnetic field, similar to how it was done with pulsars in the nearby Radio Arc
non-thermal filament (Abbate et al., 2023). The time variability and the scattering properties will
also be useful to probe the turbulence in the gas.

2.3 The wider GC and dark matter

The central few parsecs around Sgr A* are dominated by the Nuclear Star Cluster (NSC) (Genzel
et al., 2010; Neumayer et al., 2020). This structure has an effective radius of ∼ 4 pc and a mass of
∼ 2.5 × 107 M⊙ (Schödel et al., 2020). This cluster is mostly made up of old stellar populations,
formed more than 10 Gyr ago, but also contains an important fraction of recently formed young
stars (Schödel et al., 2020). A population of young stars only a few Myr old has been found within
1 pc of Sgr A* (Najarro et al., 1997). The region between 0.04 and 0.2 pc is populated by a disk of
young stars including some born only a few Myr ago (Yelda et al., 2014). The S-cluster is located
even closer to Sgr A*, at a distance less than 0.04 pc, and is mostly made up of young and massive
stars (Eckart and Genzel, 1996; Genzel et al., 2010). Therefore, the very central regions are the
ones where we expect an important fraction of the young pulsars we plan on discovering. A lack of
discoveries would have important consequences on the models of stellar evolution.

Similar conclusions can be drawn for the MSPs with a few differences. In order to form MSPs,
the neutron star has to spend some time in a binary system where it can accrete material from
the companion star and reach the rotational periods of a few ms. Observationally, X-ray binaries
containing neutron stars have been seen down to a few parsecs (Mori et al., 2021) but the angular
resolution of X-ray telescopes prevent us from resolving single binaries within the central 0.04 pc.
Simulations suggest that the binary fraction of stars can be a few percent outside 0.1 pc but has to
decrease inside (Hopman, 2009; Stephan et al., 2019; Panamarev et al., 2019). This decrease is
caused mainly by the disruption of the binary due to the interaction with field stars and the tidal
effects generated by the supermassive black hole (Hopman, 2009). This suggests that the formation
of MSPs might be hampered by the dynamical environment.

The formation in situ of MSPs is not the only way to place them within the NSC. An alternative
formation scenario suggests that MSPs may have formed within globular clusters that collapsed into
the NSC (Tremaine et al., 1975; Capuzzo-Dolcetta, 1993; Tsatsi et al., 2017; Abbate et al., 2018).
These MSPs, however, are more likely to be deposited in the outskirts of the NSC with only a small
fraction of them being able to reach the inner parsec. The effect of mass-segregation is likely to be
small since MSPs are not significantly more massive than the rest of the stellar population (Schödel
et al., 2020). The location of where the MSPs are found can therefore give us hints on their potential
origin and on the history and dynamical environment of the NSC.

A distinctive feature of the Galactic Centre that is clearly visible in radio images (Heywood et al.,
2022)) are the Non Thermal Filaments, thin filaments that run mostly perpendicular to the Galactic
disk (Yusef-Zadeh et al., 1984). An important question still to be answered surrounding these
filaments is their origin (Schoedel et al., 2024). One model considers the possibility that the energy
source for the filaments is a fast moving compact source like a pulsar (Yusef-Zadeh and Wardle,
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2019). This model was promoted in one recent case where an MSP is seen next to a filament
(Yusef-Zadeh et al., 2024; Lower et al., 2024); although the precise pulsar position still needs to be
measured. This suggests that other Non Thermal Filaments could host nearby pulsars making them
an important target for our search.

With a few discoveries of pulsars in the central few parsecs of the GC, we can probe the grav-
itational potential well in the region. The measured spin-down of these pulsars will have some
contributions from the intrinsic spin-down and some from the acceleration imparted on the pulsar
by the gravitational potential well of the GC (Perera et al., 2019). This technique can lead to
an independent determination of the total mass of the NSC which can be used to constrain the
density and distribution of Dark Matter. These results would complement the on-going efforts of
determining the mass distribution in the GC through optical astrometry (GRAVITY Collaboration
et al., 2022; Gravity Collaboration et al., 2024) using long-baseline optical interferometers like the
VLTI (Very Large Telescope Interferometer) or the proposed LPI (La Palma Interferometer).

The presence and nature of Dark Matter can also be probed directly by binary pulsars in the GC
region or pulsars orbiting around Sgr A*. Pulsar with a white dwarf companion can be used to test
the universality of free fall towards Dark Matter, which is related to the couplings of Dark Matter to
the Standard Model (Shao et al., 2018). Current timing of binary pulsar system PSR J1713+0747
already provide important improvement over other limits, while binary pulsar systems in the GC
region can provide much better constraints due to the large Dark Matter density and acceleration
here. As discussed in the previous section, pulsars orbiting Sgr A* can be a powerful probe of
the mass distribution around the SMBH. It has been shown that for cold Dark Matter, the spike
structure around SMBH (Gondolo and Silk, 1999) may provide enough mass of Dark Matter to be
detected by timing a pulsar around Sgr A* (Hu et al., 2023). This may help answer the question of
whether Dark Matter has a spike or core structure in the GC, the latter one being usually predicted
by self-interaction or ultra-light Dark Matter.

Moreover, an alternative candidate for Dark Matter is axions; hypothetical, extremely light and
weakly interacting particles proposed to solve the strong CP problem in quantum chromodynamics
(Peccei and Quinn, 1977; Weinberg, 1978; Wilczek, 1978). When axions experience a significant
magnetic field, they can undergo conversion into photons (Sikivie, 1983; Raffelt, 2007). The
probability of this conversion increases with the magnetic field strength and dark matter density.
Neutron stars are one of the most magnetized observable objects, with a magnetic field of up to
1014 G in the case of magnetars. Moreover, as mentioned before, the density of Dark Matter
is theoretically and observationally high in the GC (e.g., Hook et al., 2018; Millar et al., 2022;
Perera et al., 2019), making the pulsars in the GC an ideal tool for studying the axion-Dark Matter
hypothesis. Previously, there have been a few studies searching for emission lines in the spectrum of
the magnetar PSR J1745−2900 at various frequencies (see e.g., Foster et al., 2020; Darling, 2020).
However, due to the limited sensitivity, and the variability of magnetars, discovering more pulsars
in the GC can help put a better constraint on this hypothesis.

Finally, the presence of Dark Matter can also have an effect on the number and properties of the
pulsars found in the GC. For example, the accretion of Dark Matter onto neutron stars, in the
case of self-annihilating WIMPs (weakly interacting massive particles), can eventually lead to the
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collapse into a quark star (Perez-Garcia et al., 2010; Herrero et al., 2019). This mechanism would
be enhanced towards to the GC where Dark Matter reaches the highest density and can be invoked
as an alternative explanation for the low number of observed pulsars. This scenario would open
the possibility of observing quark star pulsars that are likely to have a higher maximum spinning
frequency and different glitching behaviour compared to neutron stars(Perez-Garcia et al., 2010).

2.4 Synergies with multi-wavelength and multi-messenger observations

Exploring the number and distribution of the neutron stars in the GC can help to explain the detection
of a 𝛾-ray excess in the central parts of the Galaxy (Hooper and Goodenough, 2011; Hooper and
Linden, 2011). The origin of this excess has spiked the interest of many researchers leaving two
competing explanations: the annihilation of Dark Matter particles (Hooper and Goodenough, 2011;
Daylan et al., 2016) and the emission from a large population of MSPs (Abazajian, 2011; Bartels
et al., 2016). After more than a decade, this debate is not yet solved (Muru et al., 2025) with some
studies claiming that the solution involves a combination of both Dark Matter and MSPs (Cholis
et al., 2022). The searches with the SKA can provide important limits on the number of MSPs
present in the GC and help solve the debate (Calore et al., 2016).

The presence of a pulsar in extremely close orbit around Sgr A* would also emit a significant amount
of gravitational waves that could be looked at with the upcoming LISA. The emission can either be
continuous or burst-like depending on the eccentricity and could, in rare cases, be loud enough to
trigger a detection (Kimpson et al., 2020). A detection of the same system in both radio waves and
gravitational waves would lead to a wide array of additional tests of gravity (Kimpson et al., 2020).
This synergy would work both ways: a) if a pulsar is discovered in searches with the SKA, the
properties derived from pulsar timing would inform LISA of the expected shape of the waveform
allowing for the detection of signals that do not reach the signal-to-noise ratio necessary for a blind
detection; b) conversely, if a source is found in gravitational wave searches, the SKA dataset can be
searched focusing on the specific parameters of the source increasing the chances of detectability.
A similar situation could happen if a pulsar is found in orbit around an IMBH in the GC. In this case
the gravitational wave counterpart could also be observed with future ground-based gravitational
wave observatories like the Einstein Telescope (Abac et al., 2025) or the Cosmic Explorer (Evans
et al., 2021).

3 Currently known GC pulsars

The lack of pulsar discoveries in the GC in the first decades of observations raised particular interest
in the community (Johnston, 1994; Johnston et al., 1995; Cordes and Lazio, 1997). The large
distance from Earth coupled with the expected high DM and strong scattering made it particularly
difficult to discover any pulsars in the region. The first two pulsar discoveries (Johnston et al., 2006)
only happened from observations at the Parkes telescope at higher frequencies, 3100 MHz, where
the effect of the DM and scattering are reduced. After these, three more discoveries were made
thanks to observations at GBT also at a marginally higher frequency of 2000 MHz (Deneva et al.,
2009). An X-ray outburst close to Sgr A* lead to the discovery of a magnetar that was later found
to be active also in radio (Kennea et al., 2013; Mori et al., 2013; Eatough et al., 2013a). Finally,
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Table 1: Currently known pulsars within a projected distance of 100 pc from Sgr A* (Johnston et al., 2006;
Deneva et al., 2009; Eatough et al., 2013a; Schnitzeler et al., 2016; Abbate et al., 2023; Wongphechauxsorn
et al., 2024) We report the rotational period 𝑃, DM, RM, projected offset from Sgr A*, the scattering timescale
at the frequency reported in parenthesis and notable remarks. The RM is highly variable, the reported value
corresponds to the first published measurement and its error in parenthesis. PSR J1745−2910 has only been
detected in the discovery observations with GBT (Deneva et al., 2009) and its properties and position are not
well known.

Pulsar Name 𝑃 DM RM Sgr A* offset 𝜏sc Remarks
PSR (s) (pc cm−3) (rad m−2) (arcmin / pc) (ms)

J1746–2849 1.48 1360 10, 104(100) 12.3 / 29 266 (1.5 GHz) -
J1746–2850 1.08 941 −12, 363(40) 11.3 / 27 - magnetar-like
J1746–2856 0.95 1155 13, 253(50) 15.6 / 37 450 (1 GHz) -
J1745–2900 3.76 1778 −66, 960(50) 0.04 / 0.1 1300 (1 GHz) magnetar
J1745–2912 0.19 1106 −535(100) 14.5 / 34 750 (1 GHz) -
J1745–2910 0.98 1088 - 12.9 / 31 - -
J1746–2829 1.89 1309 −743(14) 31.8 / 76.0 67 (1 GHz) magnetar-like

the last discovery in the region happened in a reprocessing of Parkes data using the Fast Folding
Algorithm (FFA) (Wongphechauxsorn et al., 2024). Currently, therefore, there are 7 known pulsars
located within a projected distance of 100 pc from Sgr A*. These pulsars have among the highest
values of DM and RM ever measured for pulsars (Schnitzeler et al., 2016). Remarkably, apart
for the known magnetar PSR J1745−2900, two more pulsars, PSRs J1746−2850 and J1746−2829,
show some properties that are similar to those of magnetars (Deneva et al., 2009; Dexter et al., 2017;
Wongphechauxsorn et al., 2024), like long rotational periods, flat radio spectra (𝛼 < −1.0), strong
fluctuations in flux and high magnetic fields. This might suggest that the formation of magnetar-like
neutron stars is more common in the GC than it is in the rest of the Galaxy (Dexter and O’Leary,
2014) and could allow for tests of the formation scenarios of magnetars. Some of the formation
scenarios that have been proposed range from highly magnetised progenitor stars (Hu and Lou,
2009) to interactions involving tight massive binaries (Fuller and Lu, 2022; Ablimit et al., 2022).
However, a recent study suggests that magnetar formation might be more common throughout the
Galaxy than previously thought (Pardo-Araujo et al., 2026) and the observed prevalence in the GC
could be due to selection effects.

Despite the extensive searches, no MSPs have been found within 100 pc from Sgr A*. One
reason for this can be the strong scattering that affects not only Sgr A* but the entire GC region.
In Table 1 we show the values of the scattering timescales of the closest pulsars. Even for
PSR J1746−2829, at a projected distance from Sgr A* of 76 pc, the scattering timescale at 1 GHz
is ∼ 70 ms (Wongphechauxsorn et al., 2024). The closest known MSP is PSR J1744−2946 (Lower
et al., 2024) located at ∼ 120 pc from Sgr A*. For this pulsar, the scattering timescale extrapolated
down to 1 GHz would be ∼ 40 ms. This scattering would make any MSP completely undetectable
at low frequencies. However, even high-frequency surveys, which highly reduced the impact of
scattering, were unable to discover new pulsars (Macquart et al., 2010; Liu et al., 2021; Torne et al.,
2021; Eatough et al., 2021; Suresh et al., 2022; Torne et al., 2023). The conclusion is that the
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non-detections are mainly a result of an insufficient sensitivity to the pulsar signals – a consequence
of the typical steep spectrum of pulsars and the increased frequencies necessary to overcome the
scattering. This is one of the main reasons why the SKA-MID’s superb sensitivity is needed for
sensitive-enough pulsar surveys in the Galactic Centre (Eatough et al., 2015; Macquart and Kanekar,
2015).

3.1 PSR J1745−2900

Of the known GC pulsars, PSR J1745−2900 arguably holds extra significance due to its proximity
to Sgr A* of just 0.3 light years in projection (Rea et al., 2013). Confidence in its location in the GC
was boosted by the measurement of the highest known RM after Sgr A* itself (Eatough et al., 2013a).
Since then, large RM variations of order 5% were reported in 2018 (Fig. 1), arguing for small-scale
(≳ 2 a.u.) magneto-ionic fluctuations local to the GC environment, based on measurements of
the pulsars proper motion (Desvignes et al., 2018; Bower et al., 2015). Such large and variable
fluctuations in magneto-ionic properties have only been seen in pulsars orbiting Be stars (Johnston
et al., 1996) and extragalactic Fast Radio Burst (FRB) sources, indicating a tantalizing connection
to some of the FRB host environments (Michilli et al., 2018).

The initial measurement of pulse scatter broadening in PSR J1745−2900 (Spitler et al., 2014)
indicated a value several orders of magnitude below that of previous predictions (e.g. Cordes and
Lazio, 1997; Lazio and Cordes, 1998). The scattering appears to be caused by a single thin screen
of material (Wucknitz, 2014). Combination of the pulse scatter broadening measurements with
angular scatter broadening obtained with the Very Long Baseline Array (VLBA) indicate that the
screen is unexpectedly distant from the magnetar and GC at 5.9± 0.3 kpc (Bower et al., 2014a). This
result has been corroborated by a long-term astrometric campaign of the pulsar (Bower et al., 2025).
The angular broadening scale has not shown changes during the almost 500 days of the campaign,
in contrast with the large variations of RM. This supports the idea that material responsible for the
scattering is much more distant than the material causing the RM changes. The scale over which
the scattering changes must be larger than the distance traveled by PSR J1745−2900 during the
observing campaign (∼ 200 AU).

While it is thought PSR J1745−2900 is still too distant for most gravity tests of Sgr A* (Pen and
Broderick, 2014), its detection has already illustrated the potential of pulsars in this region to reveal
a large amount of previously unknown properties of the Galaxy’s central region.

4 Prospects for the staged SKA GC pulsar search

4.1 Sensitivity curves

The sensitivity of a pulsar survey can usually be estimated by using the radiometer equation applied
to the observation of pulsars, as in e.g., Macquart et al. (2010) and Eatough et al. (2015). This
involves calculating the effective width of the pulsar signal which is a quadrature sum of the
intrinsic pulse width together with some external effects that can broaden the pulse profile, such as
DM smearing, temporal scattering, finite sampling interval, etc. For the case of pulsar searching in
the GC, the temporal scattering could be so severe that it spreads the power of the pulsar signal over
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Figure 1: Evolution of the Faraday RM towards the line-of-sight of PSR J1745−2900. Black crosses, red
triangles, blue points, and green stars indicate RM values obtained with the Nançay Radio Telescope at
2.5 GHz and Effelsberg at 4.85, 8.35 and 6 GHz, respectively. Adapted from Desvignes et al. (2018).

more than one rotational period of the pulsar. Under this circumstance, the ordinary radiometer
equation will return an imaginary value for the sensitivity calculation. Therefore, to avoid this
issue, here we employ the survey sensitivity formula from Cordes and Chernoff (1997) as below:

𝑆min =
𝜎𝛼 · SEFD
√

2𝐵𝑇int
· 1
𝐻
, (1)

where 𝜎 is the detection threshold for the survey, 𝛼 =
√︁

1 − 𝜋/4 is a coefficient related to the RMS
noise in the Fourier Transform of the intensity, 𝐵 is the bandwidth and 𝑇int is the total integration
time. The factor 𝐻 is written as:

𝐻 =
1

√
𝑁h

𝑁h∑︁
𝑙=1

𝑅𝑙, (2)

where 𝑁h is the number of harmonics summed in an FFT search and 𝑅𝑙 is the ratio of the Fourier
Transform amplitude for the 𝑙-th harmonic to the zero frequency amplitude. Assuming a Gaussian
profile shape, 𝐻 can be expressed by

𝐻 =
1

√
𝑁h

𝑁h∑︁
𝑙=1

𝑒−(𝜋𝜖 𝑙/2
√

ln2)2
, (3)

where 𝜖 ≡ 𝑤/𝑃 is the duty cycle. Once the survey sensitivity is calculated, one can use that to
estimate how deeply the survey can probe the GC pulsar population, by deriving the luminosity
threshold at a given frequency and compare it with the anticipated luminosities of a large pulsar
population at the same frequency. Here, we follow a strategy similar to that in Liu et al. (2021).
From the ATNF pulsar catalog (Manchester et al., 2005), we chose all pulsars with flux density
measurements around 1.4 GHz or above as our samples. This kept approximately 57% of over 4100
pulsars in total. Then for pulsars with a reported spectral index, we extrapolated the flux density to
10 GHz assuming the power-law spectrum extends up to that frequency. Otherwise, we employed a
random value drawn from a normal distribution (with mean of −1.6 and standard deviation of 0.54)
obtained by Jankowski et al. (2018). The distance used to calculate the luminosity at the distance
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of GC are mostly based on DM and the YMW16 Galactic free-electron density model (Yao et al.,
2017).

Figures 2 and 3 show the GC survey sensitivities for a few options in SKA band 5 under both the AA4
and AA* (73% of AA4) array stages (Braun et al., 2019), assuming the GC magnetar scattering and
a strong scattering scenario, respectively. Three cases are considered: band 5a (5350 - 7850 MHz),
the low part of band 5b (8300 - 10800 MHz), called band 5b part 1, and the upper part of band 5b
(12900 - 15400 MHz), called band 5b part 2. Under the assumption of GC magnetar scattering, the
surveys using AA4 sensitivities will detect up to 84% of the pulsar population, at the GC distance,
and up to 60% of the MSP population in the GC. The option that gives the highest detection fraction
is band 5a. For AA* sensitivities, the detection fractions are generally ∼10% lower, but would
still be able to detect half of the MSP population. In contrast, for the case of strong scattering,
the detection fraction for the whole GC pulsar population drops from 4 to 20%, depending on the
choice of the central frequency. The surveys would mostly not be sensitive to detect MSPs in the
GC, except for Band 5b part 2 which though may only be able to detect a very small fraction of
GC MSPs. This result is not surprising, because as already pointed out by Macquart and Kanekar
(2015), the optimal survey frequency for GC MSPs in this case is somewhere above 20 GHz.

It should be noted that the sensitivity of a GC pulsar survey in practice is usually more complicated
than the theoretical estimation above. For instance, baseline variations due to red-noise in the data
is a commonly seen feature and can significantly hinder the FFT search sensitivity to pulsars with a
comparatively long rotational period (e.g., 𝑃 ≳ 1 s). Instrumental artifact could also exhibit some
periodicities and spread additional power across the Fourier spectrum. Meanwhile, for observations
with multiple beams, the baseline subtract technique could be applied to significantly lower the red-
noise amplitude in the Fourier spectrum. The sensitivity of an FFA search is also largely different
from an FFT search. A more reliable sensitivity estimate of a pulsar survey would usually come
from injection of fake signals into the real data and employ the search pipeline to recover the signal
and calculate its detection significance. This has already been conducted in a number of previous
pulsar surveys in the GC, such as Liu et al. (2021); Torne et al. (2021); Eatough et al. (2021);
Torne et al. (2023). The sensitivity of future SKA surveys can be evaluated within exactly the same
framework.

4.2 Search Strategies

Detecting pulsars in the GC presents a multifaceted challenge due to both intrinsic and extrinsic
factors. Typical radio pulsars exhibit spin periods between ∼1.5 ms and a few seconds, with duty
cycles of approximately more than 0.1%. The environment in the GC introduces severe propagation
effects and binary-induced timing distortions that must be mitigated to maximize the sensitivity of
the searches (see e.g., Eatough et al., 2021). Furthermore, some pulsars could be in relativistic
orbits around Sgr A*, with orbital periods ranging from hours (in the case of pulsar-black hole
binaries near the last stable orbit) to decades. In this section, we outline the search strategies used
to mitigate these effects on pulsar detectability.

Detecting pulsations is inherently difficult due to the faint and often noise-like nature of single
pulses. Sensitivity can be improved by accumulating signal power through periodicity searches.
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Figure 2: Sensitivity of SKA GC surveys for AA4 (left) and AA* (right) configurations, using the GC
magnetar scattering timescale. The integration time was assumed to be 4 hr. The central frequency of band
5a, band 5b part1, band 5b part2 are 6.6, 9.55 and 14.15 GHz, respectively, each with a 2.5-GHz bandwidth.
This avoids the radio interference within 10.7–12.7 GHz caused by the Starlink satellites. The sensitivity of
AA4 at these frequencies are approximately 1250, 1120, 890 m2/K, respectively, and AA* possesses 60%
of AA4’s sensitivity. For the sensitivity estimate of survey with a 100-m dish, we assumed a system SEFD
measured during GC observations with the Effelsberg radio telescope by Eatough et al. (2021). For the case
of AA4, the survey is anticipated to detect 84%, 79%, 66% of the whole GC pulsar population, and 60%,
59%, 43% of the GC MSP population. For AA*, these are 78%, 71%, 56% for the whole population, and
50%, 46%, 31% for the MSP population.
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Figure 3: Sensitivity of SKA GC surveys for AA4 (left) and AA* (right) configurations, assuming a strong
scattering scenario as mentioned in Section 2.2. The observational setup is the same as in Figure 2. The
survey is anticipated to detect 64%, 65%, 60% of the whole GC pulsar population when using AA4, and
58%, 60%, 52% when using AA*. As for MSPs, only the survey at Band 5b part 2 would be able to detect a
very small fraction of MSPs, namely 8% for AA4 and 6% for AA*.
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Most known pulsars have been discovered using the Fast Fourier Transform (FFT, Cooley and
Tukey, 1965) applied to dedispersed time series data, followed by folding at the candidate period.
However, since pulsar signals are often Gaussian-like, their power is distributed over a small number
of Fourier bins, with a peak at the fundamental frequency. This spread can be mitigated using
incoherent harmonic summing, which adds power from higher harmonics back to the fundamental
frequency (Taylor and Huguenin, 1969). However, this approach is not always sufficient due to
many reasons, such as too many harmonics outside the Nyquist frequency range. Most of the GC
pulsar search to date are using FFT as a main algorithm for periodicity search (e.g., Johnston et al.,
2006; Deneva et al., 2009; Eatough et al., 2021; Liu et al., 2021; Torne et al., 2023)

An alternative way to search for pulsations is the FFA, first proposed by Staelin (1969). The
FFA folds time series at many trial periods directly, producing higher sensitivity to long-period or
low-duty-cycle signals. While traditionally more computationally expensive than FFTs, recent algo-
rithmic improvements and enhanced computing resources have enabled efficient implementations
suitable for large-scale surveys (Morello et al., 2020). For example, Morello et al. (2020) showed
that for a 10% duty-cycle signal, FFTs recovered only ∼ 80% of the S/N achieved with the FFA
and less for smaller duty cycles and narrower pulse profiles. Since the duty cycles are proportional
inverses with the period of the pulsar, the FFA is better for longer-period pulsar searches. So far,
only two surveys in the GC have been utilizing the FFA, leaving a large possible undiscovered
population of pulsars in the GC (Torne et al., 2023; Wongphechauxsorn et al., 2024).

Both FFT and FFA are searching for pulsation under the assumption that the period of the pulsations
remains constant over the observation. However, the apparent spin period of pulsars can be changed
due to the Doppler effect caused by the motion of the pulsar around its potential companion,
reducing the detectability of the pulsar. As we are searching for pulsars orbiting around the SMBH,
we need to take into account the binary motion. Moreover, some of the pulsars in the GC might
have their own companion due to the dynamical environment in the GC. The ideal method would
be to search for five Keplerian orbital parameters. Then, the timeseries can be resampled at each
data point to align with the rest frame for each set of parameters. When these parameters are
optimal, the signal-to-noise ratio (S/N) of the signal will be at its maximum. Balakrishnan et al.
(2022) implemented a radio pulsar search using this principle, which is known as a template-bank
search. However, this method requires a significant amount of computational resources, which is
not sustainable for large-scale pulsar surveys.

Usually, for binary pulsar searches, the orbital motion is compensated for by searching in the space
of pulsar’s spin period and its derivatives which correspond to the acceleration of the pulsar induced
by its companion. When the time span of the search is significantly less than the orbital period,
one can assume that pulsars move with a constant line-of-sight acceleration. With this assumption,
the search will now depend solely on one parameter, acceleration 𝑎. Similar to template bank
search, the timeseries will be resampled to each value of 𝑎. The optimal acceleration will yield
the maximum S/N (see e.g. Eatough et al., 2013b). Alternatively, Andersen and Ransom (2018)
implemented a Fourier domain acceleration and jerk search accounting for the distinctive smearing
pattern in the Fourier spectrum. Following the notation in Andersen and Ransom (2018), this is
denoted by the 𝑧max and 𝑤max parameters for Fourier domain smearing caused by acceleration and
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jerk respectively. The acceleration search is less computationally expensive but has a limitation
where the observation time is, e.g., 10 times the shortest detectable binary period to satisfy the
constant acceleration assumption (Ransom et al., 2003; Ng et al., 2015). In Andersen and Ransom
(2018) they demonstrated that this assumption holds under the condition that the observation time
is ∼ 15 per cent of the orbital period.

As for the case of a pulsar in orbit with the Sgr A*, this forms a very special “binary” pulsar system.
The “companion” is extremely massive and the pulsar endures significant acceleration when orbiting
around Sgr A*. For instance, in a circular orbit with a period of 1 yr, the line-of-sight acceleration
can already be as large as 1 m/s2. For an orbit of period of 0.1 yr, it is then approximately 20 m/s2.
Meanwhile, for the vast majority of possible orbits, the period is beyond the order of 10–100 day,
meaning the duration of each observation is far less than the orbital period. Therefore, for an
acceleration search, one would need to apply a significantly larger value of 𝑧max rather than 𝑤max,
to compensate for the apparent the orbital motion of the pulsar (Eatough et al., 2021). This is
the opposite to the case of a compact binary pulsar system (e.g., Andersen and Ransom, 2018).
Generally, the ratio of the maximum of absolute 𝑧max and 𝑤max out of an entire orbit, is larger
for longer integration time, shorter orbital period and higher orbital eccentricity (Liu et al., 2021).
Figure 4 gives the maximum absolute 𝑧max and 𝑤max values required to cover the maximum possible
acceleration and jerk in a range of orbits, for a search with integration time of 4 hr. It can be seen
that for an ordinary pulsar (𝑃 = 500 ms), 𝑧max is already required for an orbital period less than a
few years. At an orbital period of 0.4 yr and a modest eccentricity of 0.5, 𝑧max of 100 is needed. On
the other hand, 𝑤max is only required for orbits with either a short orbital period (e.g., ≲ 0.2 yr) or
a large eccentricity (e.g., ≳ 0.8). For an MSP (𝑃 = 5 ms), a 𝑧max of a few thousands is already in
need for an orbital period of a few years, where 𝑤max just starts to become significant.

In addition to searches using total intensity data, it is also possible to use the polarization components
to conduct the search. As discussed earlier, in time-domain periodicity searches, it is common to
have baseline variation in the data, which manifests itself as red noise in the Fourier spectrum.
This hinders the practical sensitivity of the data in the search, in particular for slow pulsars (e.g.,
Lazarus et al., 2015). However, as shown in Liu et al. (2021), timeseries of the Stokes components,
namely 𝑄, 𝑈 and 𝑉 , are significantly more resistant to red noise in the data. If the pulsar signal is
significantly polarized (e.g., PSR J1745−2900), then for polarization components, the periodicity
search may return comparative or even higher detection significance. Therefore, periodicity search
using polarization component would be a good complement to those conducted using the total
intensity timeseries.

A different way to approach pulsar searches is in the image domain (Dai et al., 2017; Frail et al.,
2024). Because the image domain is less affected by pulse shape distortions caused by scattering, and
orbital motion causes no effect, they provide a means to explore regions of previously inaccessible
search space. This applies in particular to short-orbital period binary systems and to the fastest
MSPs. Pulsar candidates identified in the image domain can then be followed up with time-domain
observations to confirm pulsations, allowing resources to be focused on areas with higher likelihoods
of discovery. This can be achieved by identifying in the image domain unresolved point sources
with steeply negative spectra and are circularly polarised (Wang et al., 2022; Sengar et al., 2025).
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Figure 4: 𝑧max (upper row) and 𝑤max (lower row) values required in presto by a 4-hr search to incorporate
the maximum acceleration and jerk for a range of pulsar orbits around the Sgr A*. The spin period of the
pulsar was assumed to be 500 and 5 ms for case of an ordinary pulsar and an MSP, respectively. The number
of harmonics summed in the search was set to be 16.

The use of the sensitive SKA-MID, combined with the high frequency band, will offer further ad-
vantages as they are less impacted by background contributions to the system temperature compared
to single-dish telescopes (Anantharamaiah et al., 1989). Additionally, advanced techniques, such as
the ability to subtract the incoherent beam, can significantly reduce red noise and improve detection
sensitivity.

4.2.1 Search around Sgr A*

The main target of our searches will be Sgr A* itself. A single tied array beam centered at Sgr A*
using all the antennas in the SKA-MID AA4 will have a diameter of ∼ 1 arcsec (∼ 0.04 pc) and
be able to observe pulsars in orbit around the black hole with orbital period less than ∼ 100 yr.
Apart from this beam we want to make use of the beamforming capabilities offered by the SKAO
and create an additional 15 beams surrounding the central beam. These beams would allow us to
check if the signals detected correspond to a real pulsar. If the signal is seen only in one beam or
two beams but not in the others, this means that it is likely not an artifact produced by the receiving
system but a real signal localized in the sky. The second major benefit of recording multiple beams
is to increase the area covered and maximise the chances of discovery. A possible configuration of
the sky positions of the beams is shown in Fig. 5.
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Figure 5: Possible configuration of the beams in a targeted observation around Sgr A*. The center of each
of the 16 beams is marked with a black dot. The blue curves show the half-power size of the beams at 9 GHz.
For reference we report the position of PSR J1745−2900 in green. The dashed circle shows the area where
the S-cluster is located and encompasses all the stars in circular orbit around Srg A* with orbital period up
to ∼ 100 years. All the pulsars useful for the gravity tests described in Section 2.1 would be found in the
central beam.

The SKA-MID is located in a privileged place to observe the GC. Being located in the Southern
hemisphere at a longitude of −30◦S, the GC passes almost at the zenith and is visible above the
observing horizon for almost 11 h. We want to take advantage of this by observing the GC for
the entire transit guaranteeing us the greatest sensitivity. In order to confirm any candidate found
we plan on having several passes of Sgr A*. We plan on observing the target in three different
frequency bands: band 5a (5350 - 7850 MHz), the band 5b part 1(8300-10800 MHz) and band
5b part 2 (12900-15400 MHz). We will employ all possible combinations of periodicity search
methods.
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Figure 6: Map of the GC region showing the location of the known pulsars within 100 pc from Sgr A*.
The searches are planned over the entire area at band 3 (1650 - 3050 MHz) and band 5a (4600-8500 MHz).
Background image from Heywood et al. (2022).

4.2.2 Search within the Inner 100 pc

We also plan on conducting a wider search of the GC up to a radius of 100 pc (∼ 41 arcmin).
The region is shown in Fig. 6. Initially we plan on conducting this search in band 5a (4600 -
8500 MHz). These high frequencies are necessary to counteract the effects of the scattering. The
scattering at 4 GHz as measured from the known pulsars in the region can very from 0.3 ms for
PSR J1746−2829 (Wongphechauxsorn et al., 2024) up to ∼ 8 ms for PSR J1745−2900 (Eatough
et al., 2013a). This suggests that only in band 5a the scattering will be reduced to sub-millisecond
levels and the signals of MSPs can be recovered. This region is particularly interesting for pulsars
as some may have been dynamically ejected from the central parsec by dynamical interactions with
Sgr A* itself or other objects like stellar mass black holes thought to populate the region (Hailey
et al., 2018), informing about the neutron star retention problem. In particular, the search for MSPs
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will have important consequences on the interpretation of the Fermi 𝛾-ray excess.

In the future, as the capabilities of SKAO are expanded, we plan on repeating the search also in
band 3 (1650 - 3050 MHz) and in band 4 (2800 - 5180 MHz). Due to the typical power-law spectral
index, the pulsars are expected to be 3-6 times brighter in these lower frequencies compared to band
5a. The extra flux will boost the signal of slow pulsars increasing the chances of discovery. Surveys
at these frequencies will likely not be sensitive to MSPs.

Such a large area can only be covered using the thousands of beams available in the Pulsar Search
Pipeline of SKAO. This mode of operation, however, is limited to 300 MHz of bandwidth in
AA*.The integration time will also be limited to 10-30 minutes. This will allow a complete
coverage of the interested area in 5-6 h in band 3 and 20-30 h in band 5a. In order to confirm if the
pulsar candidates found in these searches are real, more passes will be necessary.

Apart from a standard acceleration search that will be performed online, we would like to record
the raw data in search mode for more advanced searches. These will include all of the techniques
described in Section 4.2.

5 Conclusions

The pulsar searches with the SKA in the GC region will be the most sensitive searches to date and
will have the greatest chances of detecting a pulsar in orbit around Sgr A*. The expected science
outcomes from such a pulsar and from other new detections within the GC will enable new valuable
astrophysics in several fields. These include tests of gravity theories, studies of the ISM, searches
for signatures of Dark Matter, studies of the formation and evolution of the GC and studies of the
accretion and feedback of Sgr A*.

The importance of this dataset is such that new scientific results could be extracted even several
years after the actual observations. It can act as in important test-bed for the development of novel
search algorithms. This kind of approach has been very successful in the case of observations of
pulsars in globular clusters (e.g. Andersen and Ransom 2018; Cadelano et al. 2018) where the
testing of new algorithms on archival data has led to the discovery new pulsars. For this reason, we
desire for the search-mode data of the observations to be archived and eventually be made accessible
to the broader pulsar community. The storage of these data would require a few tens of TB for a
full transit of Sgr A*.

Another important reason to maintain access to these observation is in case future radio, multi-
wavelength or multi-messenger observations detect new pulsars in the region. Having knowledge
of the position, rotational period, value of DM or orbital parameters will allow us to perform deeper
targeted searches that might lead to a re-detection also in the SKA dataset even if the pulsar was
not blindly detected at first.

An important contribution in the search of pulsars in the GC will come from the ngVLA (Bower
et al., 2018). It will be able to observe at a wider range of frequencies than the SKA-MID covering
from 1.2 to 116 GHz. The observations at frequencies above 15 GHz will increase the chances of
discovering MSPs in the case of very strong scattering. At lower frequencies, the larger antennas
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give the ngVLA the advantage over SKA-MID as far as raw sensitivity but the larger baselines
make the ngVLA less suitable to perform surveys over large areas of the sky. The long-baseline
astrometric capabilities of the ngVLA will help to accurately measure pulsar positions, proper
motions and, potentially, the orbital parameters of pulsars in long-period binary systems. With the
advent of SKA2 later on in the future, we will be able to perform even deeper searches potentially
discovering a large number of new pulsars. The expected increase in sensitivity of 10 times
combined with the improvements in computational power, storage capabilities and performance of
the search algorithms is poised to revolutionize our understanding of the GC as a whole.
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