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A B S T R A C T 

The Sculptor Galaxy (NGC 253), located in the Southern Hemisphere, far off the Galactic Plane, has a relatively high star- 
formation rate of about 7 M � yr −1 and hosts a young and bright stellar population, including several super star clusters and 

supernova remnants. It is also the first galaxy, apart from the Milky Way Galaxy to be associated with two giant magnetar 
flares. As such, it is a potential host of pulsars and/or fast radio bursts in the nearby Universe. The instantaneous sensitivity 

and multibeam sky coverage offered by MeerKAT therefore make it a fa v ourable target. We searched for pulsars, radio-emitting 

magnetars, and fast radio bursts in NGC 253 as part of the TRAPUM large surv e y project with MeerKAT. We did not find any 

pulsars during a 4 h observation, and derive a flux density limit of 4.4 μJy at 1400 MHz, limiting the pseudo-luminosity of the 
brightest putative pulsar in this galaxy to 54 Jy kpc 2 . Assuming universality of pulsar populations between galaxies, we estimate 
that detecting a pulsar as bright as this limit requires NGC 253 to contain a pulsar population of ∼> 

20 000. We also did not detect 
any single pulses, and our single pulse search flux density limit is 62 mJy at 1284 MHz. Our search is sensitive enough to have 
detected any fast radio bursts and radio emission similar to the brighter pulses seen from the magnetar SGR J1935 + 2154 if they 

had occurred during our observation. 

Key words: stars: neutron – pulsars: general – Galaxy: general – galaxies: individual: NGC 253 – radio continuum: transients. 
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 I N T RO D U C T I O N  

he detection and monitoring of radio pulsars, given their powerful
agnetic fields, extreme compactness, and broad-band electromag-

etic radiation, are important in a variety of disciplines, such as
xploring General Relati vistic ef fects (Taylor, Fo wler & McCulloch
979 ), the equation of state of neutron stars (NSs; e.g. Koehn
t al. 2024 ), as well as relativistic plasma and radiation physics
e.g. Philippov & Kramer 2022 ). Currently, the Milky Way (MW)
alaxy hosts more than 99 per cent (3608 to date) of the known
adio pulsar population (Manchester et al. 2005 ). 1 The remaining
1 pulsars are extragalactic and were disco v ered in two satellite
alaxies of the MW, the Magellanic clouds (e.g. Crawford et al.
 E-mail: heinrich.hurter11@gmail.com 

 ATNF catalogue version 2.3.0: https:// www.atnf.csiro.au/ research/ pulsar/ 
srcat/. 
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001 ; Manchester et al. 2006 ; Titus et al. 2019 ; Hisano et al. 2022 ;
arli et al. 2024 ). The Magellanic clouds are considered to be good

argets for pulsar searches, since they are not obstructed by the
alactic plane, and therefore searches are not greatly affected by
ispersi ve ef fects of the Galactic interstellar medium. Furthermore,
he Magellanic Clouds host diverse NS populations that are indicative
f various evolutionary stages of massive stars, and a large number of
upernova remnants (see e.g. Badenes, Maoz & Draine 2010 ; Titus
t al. 2020 ), which further moti v ates the pulsar searches in these
ypes of environment. NSs are created by core-collapse events of
tars with masses between 8 –25 M � depending on their metallicity
nd binary companion (Heger et al. 2003 ). Considering factors such
s star formation history, stellar mass distributions, and stellar types
f galaxy targets is important for pulsar searches. For instance,
ecent star-forming episodes produce populations of NSs that may
e detectable as radio pulsars. 
© 2024 The Author(s). 
ty. This is an Open Access article distributed under the terms of the Creative 
ch permits unrestricted reuse, distribution, and reproduction in any medium, 

provided the original work is properly cited. 
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An increasing number of fast radio bursts (FRBs) have been 
etected in the last few decades. FRBs are classified by their one-
ff or multiple short-duration bursts (Lorimer et al. 2007 ; Thornton 
t al. 2013 ; Spitler et al. 2016 ), and it is accepted that FRBs are
 xtragalactic ev ents due to the high associated dispersion measure 
DM) that puts them well beyond the MW limits (e.g. Platts et al.
019 ). The mechanisms responsible for repeating and non-repeating 
ursts are still a matter of debate. With the detection and local-
zation of more bursts, constraints can be placed on their emission

echanism (e.g. CHIME/FRB Collaboration et al. 2021 ). A possible 
xplanation for non-repeating FRBs is that they are an after-effect 
f cataclysmic events (e.g. Marnoch et al. 2020 ). On the contrary,
epeating FRBs should have a non-cataclysmic origin (Spitler et al. 
016 ). A recent detection of FRB-like bursts was made from the Soft-
amma Repeater (SGR) J1935 + 2154, which is a Galactic magnetar. 
his suggests a strong connection between magnetar emission and 
t least some repeating FRBs (Camilo et al. 2006 ; Bochenek et al.
020 ; CHIME/FRB Collaboration et al. 2020 ). Furthermore, SGRs 
re associated with regions of recent star-forming and supernovae 
Gaensler 2004 ). Known FRB host galaxies exhibit a wide range of
ompositions, with masses in the range M ∗ = 10 8 –10 10 M � and star-
ormation rates (SFRs) ranging from 0 . 05 –10 M � yr −1 (Bhandari 
t al. 2022 ). Mannings et al. ( 2021 ) found that all FRBs located in
osts with spiral structures occur near or on a spiral arm. 
The Nearby Galaxies programme within the TRansients And PUl- 

ars with MeerKAT (TRAPUM 

2 ). Large Surv e y Project (Stappers &
ramer 2016 ) has as one of its aims the disco v ery of new pulsars

nd fast transients outside of the MW galaxy, and to investigate their
roperties in relation to those of their host galaxy. One of the targets
f this surv e y is NGC 253, also known as the Sculptor Galaxy. It
s located in the southern sky far below the Galactic Plane, at a
alactic latitude of b = −87 . 96 ◦ and a distance of 3 . 5 ± 0 . 2 Mpc

Rekola et al. 2005 ). It is a promising target for finding pulsars
ue to its population of massive stars and its similarity to the MW.
t is classified as a barred spiral galaxy and is one of the nearest
alaxies undergoing a nuclear starburst. It is one of the brightest
tarburst galaxies in the Southern Hemisphere, with detections of 
umerous supernova remnants (SNRs) within the starburst region, 
ncluding one optically identified supernova (SNR 1940E, Zwicky 
941 ; Chhetri et al. 2018 ) close to the central region of the galaxy.
he unobscured stellar population is consistent with ages < 8 Myr

Kornei & McCrady 2009 ; Davidge 2016 ). The centre hosts a
opulation of more than a dozen super star clusters (SSC) that are
till in the formative stages. A near-infrared photometry study of 
his galaxy revealed 181 star clusters in the central 600 pc (Camperi
t al. 2022 ). Nine of these clusters have masses in the range of
0 5 –10 6 M � and ages less than 7 Myr, with the remaining clusters
eing older and less massive. This is interesting since these clusters
an provide insights into the star formation history of this galaxy. 
GC 253 has a total mass of (8 . 1 ± 2 . 6) × 10 11 M � (Karachentsev

t al. 2021 ), which is about a factor of two less than the total mass
f the MW. Forbes et al. ( 1993 ) suggested that the central 6 arcsec
f NGC 253 contains about 24 000 O-type stars and that SNRs are
ocated throughout the nuclear region. The nucleus has an SFR of
pproximately 5 M � yr −1 , which accounts for about 70 per cent of the
ate of the entire galaxy (Wik et al. 2014 ). The central SFR of NGC
53 is 30–40 times higher than that of the central region of the MW
Longmore et al. 2013 ; Barnes et al. 2017 ; Mills et al. 2021 ). A high
FR is consistent with a young stellar population (Duarte Puertas 
 https://www.trapum.org 

U
s
T  
t al. 2022 ), which in turn is likely to contribute to a large SNR
opulation. Furthermore, Wik et al. ( 2014 ) found that X-ray emission
bo v e ∼> 

10 keV were concentrated in the central 100 arcsec of NGC
53, produced by three nuclear sources, an off-nuclear ultraluminous 
-ray source and a pulsar candidate, which could be an extremely

uminous X-ray pulsar. NGC 253 is furthermore the first galaxy to
e associated with two magnetar giant flares (MGFs), (Gamma-Ray 
urst) GRB 180128A and GRB 200415A (Svinkin et al. 2021 ; Trigg
t al. 2024 ). GRB 200415A was observed on 2020 April 15, located
n an area of 20 arcmin 2 that o v erlaps the central region of NGC
53 (Svinkin et al. 2021 ). GRB 180128A occured 808 days before
RB 200415A on 2018 January 28, and was found in archi v al data

fter the disco v ery of GRB 200415A. Ho we ver, it is still unclear
hether these bursts originated from the same magnetar (Trigg et al.
024 ). The formation channel of magnetars is consistent with core-
ollapse supernovae (Heintz et al. 2020 ; Bochenek, Ravi & Dong
021 ). Thus, the high SFR, the presence of SNRs, the high energy
-ray sources, young star clusters, and associated MGFs support the 

ikelihood that NGC 253 contains a young NS/pulsar population. It 
s also interesting to note that young pulsars sometimes emit giant
adio pulses (Lundgren et al. 1995 ; Geyer et al. 2021 ), which would
nable us to disco v er distant radio pulsars that might otherwise not
e detectable (McLaughlin & Cordes 2003 ). The probable presence 
f at least one magnetar in this galaxy also means that there may
e sources responsible for emitting FRB-like pulses, like those seen 
rom SGR J1935 −2154. 

Extragalactic targets such as NGC 253, NGC 300, NGC 6300, 
GC 7793, and Fornax were previously searched for giant radio 
ulses using a single beam from the Parkes (Murriyang) Telescope, 
ut none were detected (McLaughlin & Cordes 2003 ). Two pulsar
earch surv e ys (see Section 4 ) also conducted short inte gration pulsar
earches in the direction of NGC 253. Ho we ver, these searches did
ot yield evidence for pulsars in NGC 253. 
We made use of the exceptional sensitivity of the MeerKAT Radio

elescope to perform a new deeper pulsar and FRB search. The
eerKAT Radio Telescope is a radio interferometer located in the 
orthern Cape region of South Africa and has remarkable sensitivity 

or pulsar and fast transient searches. MeerKAT is made up of 64
arabolic antennas, each with a diameter of 13.5 m, distributed to
orm a maximum baseline of 8 km (Jonas & MeerKAT Team 2016 ;
amilo 2018 ). The gain of the fully phased array is about 4 times
igher than that of the Parkes Telescope and 1.4 times higher than that
f the Green Bank Telescope (Bailes et al. 2020 ), therefore making
he MeerKAT Radio Telescope even more suitable for extragalactic 
ransient searches. 

In this article, we describe our observation of NGC 253 and data
eduction methods in Section 2 . We present our results and search
ensitivities in Section 3 . Our conclusions follow in Section 4 . 

 T R A P U M  OBSERVATI ON  

e observed NGC 253 on 2022 October 5 for a total integration
ime of 14 085.3 s. The observation used 44 MeerKAT antennas
ithin the approximately 1 km baseline to create coherent beams 

hat were big enough to co v er the entire galaxy, and was carried
ut at L -band, with a central frequency of f c = 1 . 284 GHz, and
 bandwidth of �f = 856 MHz. The frequency band was divided
nto 2048 frequency channels and data were sampled every 153 μs.
eamforming was performed using the Filterbanking BeamFormer 
ser-Supplied Equipment (FBFUSE; Barr 2017 ), which created 768 

ynthesized elliptically-shaped coherent beams for the observation. 
he shape and orientation of the coherent beams are dependent on
MNRAS 533, 4268–4273 (2024) 
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M

Figure 1. An image of NGC 253 from the Digitised Sky Survey (DSS2) in 
the near-infrared (NIR) band. The incoherent beam can be seen in the upper 
plot, and was centered on SN 1940E. Positions of the 768 elliptical coherent 
beams o v erlaid on NGC 253 sho wn in the lo wer panel. 
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he position of the target (Chen et al. 2021 ). We used MOSAIC 

3 (Chen
t al. 2021 ), a PYTHON package that simulates one coherent beam
ith the observational parameters and tiles a specified number of
eams at various positions and o v erlaps them appropriately at a
hosen sensitivity level. The tiling pattern is illustrated in the lower
anel of Fig. 1 . The neighbouring beams o v erlapped at 75 per cent
f their peak sensitivity, which ensures that coherent sensitivity
s not degraded by more than this amount across the searched
rea. Data processing was performed on the Accelerated Pulsar
earch User-Supplied Equipment (APSUSE; Barr 2017 ), which is
 dedicated pulsar processing computer cluster. We performed a
eriodicity search with PEASOUP 4 (Barr 2020 , described in Morello
t al. 2018 ), which is a GPU-based pulsar search algorithm that
mplements various processing steps such as dedispersion, low-
requenc y noise remo val, and applying a F ast F ourier Transform
FFT). The mitigation of radio frequency interference (RFI) was
erformed with PULSARX ’s 5 filtool (Men et al. 2023 ). We gener-
ted a dedispersion plan with PRESTO ’s 6 DDplan.py script (Ransom
011 ), which was then used to efficiently dedisperse the data based
NRAS 533, 4268–4273 (2024) 

 https:// gitlab.mpifr-bonn.mpg.de/ wchen/ Beamforming/ tree/ master/ mosaic 
 https:// github.com/ ewanbarr/ peasoup 
 https:// github.com/ ypmen/ PulsarX 

 https:// github.com/ scottransom/ presto 

7

8

9

1

n the observational parameters. PEASOUP uses the DEDISP 7 package
part of the PEASOUP suite; Barsdell et al. 2012 ; Levin 2012 ) to
erform dedispersion up to a value of 500 pc cm 

−3 . The expected
M along the line of sight for NGC 253 is approximately 19

nd 29 pc cm 

−3 based on the YMW16 and NE2001 electron density
odels, respectively (Cordes & Lazio 2003 ; Yao, Manchester &
ang 2017 ). An acceleration search for pulsars in binaries up to
20 ms −2 , assuming constant acceleration, was performed. These

arameters were chosen in view of computing constraints. An
cceleration tolerance of 10 per cent was chosen, implying that
he acceleration broadening from one acceleration step to the next
annot exceed 10 per cent of the combined pulse smearing (Levin
012 ). Furthermore, the candidates were harmonically summed by
EASOUP to the fourth harmonic. We also applied default channel and
eriod masks representative of RFI sources that are known to corrupt
he MeerKAT L -band. Candidates were then clustered together by
EASOUP and candidates with periodicities corresponding to known
nterference were remo v ed. This was followed by a two-stage
ultibeam candidate filtering performed by CANDIDATE FILTER 

8 ,
ith a candidate spectral signal-to-noise (S/N) threshold of 9.5.
urthermore, candidates with similar periodicities were clustered

ogether, and a spatial domain multibeam coincidencing algorithm
as applied. This algorithm is used to characterize potential pulsar
etections between adjacent beams and distinguish them from RFI
ources that are spread o v er numerous neighbouring beams (see
admanabh et al. 2023 ). The remaining candidates were folded
t the parameters (DM, spin period, acceleration) obtained from
EASOUP , using psrfold fil from PULSARX (Men et al. 2023 )
nd scored with PICS , a Pulsar Image-based Classification System
ased on machine learning that was trained on data from the PALFA
urv e y (Zhu et al. 2014 ). PICS generates a number between 0 and 1
or each candidate, with 1 representing potential pulsar detection and
 RFI or noise. We cut the candidates up to a minimum score of 0.1.
his left us with 2415 pulsar candidates viewed with CANDYJAR 

9 .
he S/N distribution of these candidates is consistent with the tail of
 noise distribution, with candidates outside of this range identified
s RFI. Padmanabh et al. ( 2023 ) contains additional details on the
RAPUM search pipeline. Furthermore, we also conducted a single
ulse search using TRANSIENTX 

10 , which is a high-performance
ingle pulse search software (Men & Barr 2024 ). TRANSIENTX is
esigned to search successive data blocks, typically a few seconds
n duration. Each data block undergoes various processing stages,
uch as mitigating RFI, dedispersion, matched filtering, clustering,
nd plotting (see Men & Barr 2024 for details on the algorithm).
e searched for pulses with a width up to 0.1 s o v er a DM range

–5000 pc cm 

−3 to accommodate high DMs at which these transients
an be detected. A S/N threshold of 8.0 was applied and candidates
bo v e this threshold were retained for viewing. We further reduced
he number of candidates by removing four short time segments
ontaining RFI. This left us with 2314 candidates, and the diagnostic
lots (showing the single pulse summed o v er all frequencies, a grey-
cale of the intensity of the pulse as a function of frequency, and a
rey-scale of the S/N of the pulse versus DM and time) generated
y TRANSIENTX were viewed manually. All candidates viewed were
onsistent with noise or RFI. 
 https:// github.com/ ewanbarr/ dedisp 
 https:// github.com/ prajwalvp/ candidate filter
 https:// github.com/ viv ekv enkris/CandyJar
0 https:// github.com/ ypmen/ TransientX 

4
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Figure 2. Transient phase space diagram: illustrated in the shaded region is 
the pseudo-luminosity search limit for our single pulse search. Noticeably, 
this observation is sensitive to FRBs, including FRB-like bursts of the same 
pseudo-luminosity as SGR 1935 + 2154; ho we ver, the detection of ordinary 
pulsars and giant Crab-like pulses is shown to be improbable for our search 
due to the large distance of NGC 253. Figure and data courtesy of Manisha 
Caleb. 
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 SEARCH  SENSITIVITY  A N D  UPPER  LIMITS  

ur pulsar search returned no significant candidates during the 4 h 
bserv ation. We therefore deri ved a flux density limit for our pulsar
earch using a modified radiometer equation from (Dewey et al. 
985 ): 

 lim 

= β
( S/N ) T sys 

εG 

√ 

n p t int �f 

√ 

D 

1 − D 

, (1) 

here S/N is the spectral S/N threshold of 9.5, β is the correction
actor due to digitization. Since the loss of telescope sensitivity due 
o 8-bit digitization is minimal, we have β = 1 (Kouwenho v en &
o ̂ ute 2001 ). A conversion efficiency factor ε = 0 . 7 for converting

rom spectral S/N to folded S/N (Morello et al. 2020 ). The system
emperature is the sum of the receiver temperature ( T rec = 18 K,
ailes et al. 2020 ) and the sky temperature contribution T sky ≈ 4.24 K

Zheng et al. 2017 ) 11 in the direction of NGC 253. The telescope
ain is G = 1.925 K Jy −1 for the core array in coherent mode ( G
 0.34 KJy −1 for incoherent mode with 61 antennas). Lastly, the 

umber of polarizations is n p = 2, the bandwidth �f = 856 MHz,
nd the integration time t int = 14 085.30 s. We assume a pulsar duty
ycle of D = 2 . 5 per cent , which is the median intrinsic pulsar duty
 ycle e xcluding millisecond pulsars and pulsars in globular clusters,
otating radio transients, magnetars, and binary pulsars, taken from 

he ATNF catalogue (Manchester et al. 2005 ), and a spectral index
f −1 . 6 (Jankowski et al. 2018 ). Thus, the minimum detectable flux
ensity for our periodicity search is S lim , 1400MHz = 4.4 μJy at the centre
f the incoherent beam and of a coherent beam for a pulsar with a
eriod of 100 ms and abo v e at a DM = 250 pc cm 

−3 . At lower spin
eriods, factors such as dispersion smearing, sampling time, and 
cattering influence the detectability of such short-period pulsars. 
he corresponding pseudo-luminosity limit, which is calculated 
sing 

 1400 = S 1400 d 
2 , (2) 

s about 54 Jy kpc 2 for a distance of d = 3 . 5 Mpc. 
For our fast transient search, none of the remaining candidates 

ielded any promising detections for FRBs or FRB-like pulses. 
herefore, we also derived the sensitivity limit of our transient search 
y using the radiometer equation 

 pulse peak = 

( S/N ) S sys √ 

n p �f W 

, (3) 

e.g. McLaughlin & Cordes 2003 ). Here, W is the observed width
f the pulse. We assume an intrinsic pulse width of 1 ms at a DM of
00 pc cm 

−3 . We also take into consideration the dispersive smearing
cross individual channels and the smearing due to sampling time. 
 sys is the equi v alent system flux density ( T sys /G ). We calculated a
ingle pulse flux density limit of S peak, 1284GHz � 62 mJy. Fig. 2 shows
hich astronomical objects our single pulse search is sensitive to. 
e used a DM = 500 pc cm 

−3 , a coherent mode gain, and pulse
idths from t samp to 0.1 s for the search sensitivity in Fig. 2 . It can be

een from Fig. 2 that our search was sensitive to FRBs and FRB-like
ursts such as some of those from SGR 1935 + 2154. 

 DISCUSSION  &  C O N C L U S I O N  

GC 253 is an intriguing target for extragalactic pulsar exploration 
ue to its stellar composition, current star formation, host SNRs, 
1 http:// github.com/ jeffzhen/ gsm2016 

r  

s  

r  
nd associated MGFs seen towards this galaxy. The presence of the
ptically identified SN 1940E is especially interesting for a young 
ulsar search, since the lifetime of SNRs is considerably shorter than
hat of pulsars (e.g. Lyne & Graham-Smith 2012 ). Thus, a population
f young pulsars is expected in this galaxy. Such pulsars are more
robable to be detected at vast extragalactic distances, since these 
bjects may emit giant single pulses (Johnston & Romani 2003 ),
he flux density of which is orders of magnitude higher than that
f ordinary pulsars. We therefore searched for pulsars, magnetars, 
nd FRBs in NGC 253 with MeerKAT. Ho we ver, Fig. 2 shows
hat our single-pulse search was more likely to detect FRBs or
qui v alent bright-emitting objects (such as SGRs) and that we were
ot sensitive to the detection of MW-type giant pulses from young
ulsars. 
Surv e ys such as The Parkes Southern Pulsar Survey (Manchester

t al. 1996 ) and The High Time Resolution Universe Pulsar Survey
HTRU; Keith et al. 2010 ) included pointings towards NGC 253,
he integration time of which were 157.3 and 270 s, respectively. We
earched the entire NGC 253 galaxy, which increased our chances of
nding a pulsar as compared to searching only portions of this galaxy.
ur integration time is about 52 times longer than that of HTRU and
ur gain is also a factor of 3 times more. Thus, our search with
eerKAT was significantly more sensitive than previous surv e ys 
ith the Parkes Telescope. 
Our periodicity search towards NGC 253 returned no significant 

andidates. We derived a flux density limit for periodic pulsar signals
f S lim , 1400MHz = 4.4 μJy, which corresponds to a pseudo-luminosity 
imit of L lim , 1400MHz = 54 Jy kpc 2 . In Fig. 3 , we show the cumulative
robability distribution of the known MW pulsars from the ATNF 

atalogue as a function of pseudo-luminosity, with our sensitivity 
imit indicated by a purple vertical line. The brightest MW pulsar
seudo-luminosity at 1400 MHz from the ATNF catalogue is about 
 Jy kpc 2 (J1644 −4559), which is one order of magnitude lower
han this limit. Since the pulsar population in the MW spans about
ix orders of magnitude in pseudo-luminosity, and the maximum 

seudo-luminosity is not known, we may be able to probe the upper
ange of this function. If this luminosity function is taken to be
ome what uni v ersal (since NGC 253 is e xperiencing a period of
apid star formation and has a mass difference of about 50 per cent
MNRAS 533, 4268–4273 (2024) 
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M

Figure 3. Pseudo-luminosity distribution of the MW pulsar population 
compared to our surv e y search limits. Figure produced with ATNF catalogue 
version 2.0.0. 
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ompared to the MW), it is therefore not unreasonable to search
or pulsars in NGC 253. Fitting a power la w abo v e ∼0.1 Jy kpc 2 

 ∼0.25, ∼0.6 Jy kpc 2 ) and e xtrapolating, giv en the shape of the
ail of the distribution at this point, we estimate that the chance of
nding a pulsar as bright as our limit is approximately 4 . 10 × 10 −5 

2 . 51 × 10 −5 , 4 . 25 × 10 −5 ). Thus, in order to detect such a pulsar
n NGC 253, this galaxy should have a pulsar population of at
east 2 . 4 × 10 4 (3 . 9 × 10 4 , 2 . 3 × 10 4 ). This is not an unreasonable
umber, and is a good fraction of the estimated total population of
etectable MW pulsars of 122 000 (including millisecond and normal
ulsars; Swiggum et al. 2014 ). This implies that approximately
 MW pulsars as bright as our limit should exist (slightly more
f one integrates up to a certain maximum pseudo-luminosity to
nclude all those exceeding the current (vertical line in Fig. 3 )
ensiti vity limit). Ho we v er, no such pulsars hav e been detected
o date. This might be due to unfa v ourable beaming, e xcessiv e
M smearing, or obstruction by other sources. Alternatively, the

uminosity distribution might cut off earlier (departing from the
ower-law tail), implying a strict upper limit on the maximum
seudo-luminosity of L cut, 1400MHz � L lim , 1400MHz for both galaxies,
nd in this case, we should not expect to see such a bright pulsar in
GC 253. Otherwise, the luminosity distributions may be different
etween the galaxies, reflecting distinct star-formation histories. MW
ulsars have typical conversion efficiencies ( η) of radio emission
erived from the pulsar rotational spin-down luminosity Ė rot of
0 −8 –10 −5 (e.g. Szary et al. 2014 ). Given our periodic-signal sen-
itivity limit, a Crab-like pulsar with Ė rot ∼ 5 × 10 38 erg s −1 should
ave been detectable if η � 10 −8 . Conversely, for a typical value of
∼ 10 −5 , a pulsar with Ė rot ∼ 5 × 10 35 erg s −1 should have been

etectable. 
Moving to single-pulse searches, as seen in Fig. 2 , we were

ensitive to FRB and FRB-like pulse detections. We derived a single-
ulse flux density limit of approximately 62 mJy for our FRB search
n the direction of NGC 253. This limit is orders of magnitude lower
han the flux density of previously detected FRBs. Since two MGFs
re associated with NGC 253 (Svinkin et al. 2021 ; Trigg et al. 2024 ),
e would expect to be able to observe bursts similar to those of SGR

1935 + 2154 in the MW, should they have occurred. Ho we ver, our
on-detection can potentially be due to the epoch of observation,
ince these events are unpredictable and sporadic. It can also be
ue to unfa v ourable orientations. Transient radio emission, lasting
or years have also been seen from magnetars, but none has been
NRAS 533, 4268–4273 (2024) 
ssociated with MGFs, since these events are rare and not much
adio follow-up has been possible (Camilo et al. 2006 ; Levin et al.
019 ). 
Future observations co v ering a longer inte gration time may un-

o v er pulsars and FRBs in this and other nearby galaxies. 
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