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A B S T R A C T 

Fast radio bursts (FRBs) are short-duration radio pulses of cosmological origin. Among the most common sources predicted 

to explain this phenomenon are bright pulses from a class of extremely highly magnetized neutron stars known as magnetars. 
Moti v ated by the disco v ery of an FRB-like pulse from the Galactic magnetar SGR 1935 + 2154, we searched for similar events 
in Messier 82 (M82). With a star formation rate 40 times that of the Milky Way, one might expect that the implied rate of events 
similar to that seen from SGR 1935 + 2154 from M82 should be 40 times higher than that of the Milky W ay. W e observed M82 

at 1.4 GHz with the 20-m telescope at the Green Bank Observatory for 34.8 d. While we found many candidate events, none 
had a signal-to-noise ratio greater than 8. We also show that there are insufficient numbers of repeating low-significance events 
at similar dispersion measures to constitute a statistically significant detection. From these results, we place an upper bound for 
the rate of radio pulses from M82 to be 30 yr −1 abo v e a fluence limit of 8.5 Jy ms. While this is less than nine times the rate 
of radio bursts from magnetars in the Milky Way inferred from the previous radio detections of SGR 1935 + 2154, it is possible 
that propagation effects from interstellar scattering are currently limiting our ability to detect sources in M82. Further searches 
of M82 and other nearby galaxies are encouraged to probe this putative FRB population. 

Key words: methods: data analysis – methods: observational – galaxies: individual: M82 – fast radio bursts. 
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 I N T RO D U C T I O N  

ast radio bursts (FRBs) are bright millisecond pulses of radio
mission which occur uniformly on the sky at the rate of a few
housand per day (Lorimer et al. 2007 ; Thornton et al. 2013 ). Ob-
erved FRBs are typically short in duration, with the majority in the
ange 1–10 ms (CHIME/FRB Collaboration 2021 ; Spanakis-Misirlis
021 ). Peak flux densities vary, but are typically in the range 0.1–
0 Jy (CHIME/FRB Collaboration 2021 ; Spanakis-Misirlis 2021 ).
lthough sky locations are currently not precise enough to allow

dentifications of counterparts for most of the known sources, so far
3 FRBs have been confidently associated with host galaxies, clearly
stablishing them as a cosmological population. Recent re vie ws can
e found in Petroff, Hessels & Lorimer ( 2022 ) and Bailes ( 2022 ). 
Among the currently observed sample of 789 FRBs (Xu et al.

023 ) 1 are 65 repeating sources. Possible explanations as to why the
ast majority of FRBs have so far been observed only once are that
ome FRBs repeat on a timescale longer than currently probed and/or
here are multiple distinct FRB populations. Recent results from the
HIME/FRB collaboration suggest that repeating FRBs and non-

epeating FRBs are morphologically distinct, with repeating FRBs
ypically exhibiting longer pulses than non-repeating FRBs (Pleunis
t al. 2021 ; Zhong et al. 2022 ). Repeating FRBs also have smaller
 E-mail: sp00048@mix.wvu.edu 
 For an up-to-date list, see Xu et al. ( 2023 ) ( https://blinkverse.alkaidos.cn ). 

1  

t  

(  

Published by Oxford University Press on behalf of Royal Astronomical Socie
Commons Attribution License ( https:// creativecommons.org/ licenses/ by/ 4.0/ ), whi
mission bandwidths, typically 100–200 MHz, while non-repeating
RBs typically occupy the entire CHIME bandwidth (400–800 MHz;
HIME/FRB Collaboration 2021 ). 
On April 28, 2020, an FRB-like pulse (hereafter FRB 20200428A)

as detected from a Galactic magnetar (CHIME/FRB Collaboration
020 ; Bochenek et al. 2020b ). The magnetar in question, SGR
935 + 2154, was in a period of unusually high X-ray activity
t the time (Younes et al. 2020 ; Mereghetti et al. 2023a ). FRB
0200428A has two components of less than a ms, separated by
9 ms (CHIME/FRB Collaboration 2020 ; Bochenek et al. 2020b )
nd the observed dispersion measure (DM) is 332.7 cm 

−3 pc. Since
he radio phenomenology shares many similarities with FRBs, a
atural conclusion to draw from this clear association is that FRB
0200428A is an example of a Galactic FRB, albeit with a lower
uminosity due to its closer proximity to Earth. As discussed by
ochenek et al. ( 2020b ), if this hypothesis is correct, and magnetar
ares can produce at least some FRBs, then excellent targets
or further searches are nearby galaxies with high levels of star
ormation. One such example is the starburst galaxy Messier 82
hereafter M82), in which the star formation rate is approximately
0 times that of the Milky Way (Bochenek et al. 2020a ; Kennicutt &
e Los Reyes 2021 ). 
Subsequent detections of fainter radio pulses from SGR

935 + 2154 were made by Kirsten et al. ( 2021 ) using 20–30 m class
elescopes at W esterbork, T orun and Onsala, and by Zhang et al.
 2020 ) using the Five Hundred Metre Aperture Spherical Telescope
© 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, 
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Figure 1. The expected number of radio bursts found from M82 as a function 
of time. The central line represents the STARE2 rate multiplied by the ratio of 
star formation rates of M82 and the Milky Way. The shaded regions represent 
1 σ and 2 σ confidence levels. 

Table 1. System values for the 20-m telescope at Green Bank Observatory . 

Parameter Value Unit 

Telescope gain, G 0.086 K Jy −1 

Total bandwidth, �ν 125 MHz 
Usable bandwidth, �ν 80 MHz 
Number of channels, n 256 
Channel bandwidth, �νchan 0.488 MHz 
System temperature, T sys 40 K 

Center frequency, ν0 1.4 MHz 
Sampling interval, t samp 131.07 μs 

s  

l  

e  

p  

o
 

s  

e  

t  

9  

fl  

t  

o  

t  

h
i

3

W  

G  

r
t  

c
p
s  

w  

w

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/528/4/6340/7601371 by Franklin and M
arshall C

ollege user on 24 February 2024
FAST), Good & CHIME/FRB Collaboration ( 2020 ), Dong & 

HIME/FRB Collaboration ( 2022 ), and Pearlman & CHIME/FRB 

ollaboration ( 2022 ) using CHIME, Alexander & Fedorova ( 2020 )
t 111 MHz using the BSA, Maan et al. ( 2022 ) using the Green
ank Telescope and by Huang et al. ( 2022 ) using the Yunnan 40-m

elescope in China. Marginal detections of pulses were also seen 
sing the Northern Cross Radio Telescope (Burgay et al. 2020 ). 
Zhu et al. ( 2023 ) announced the detection of radio pulsar-like

mission with FAST from SGR 1935 + 2154 some five months after
he initial outburst of FRB 20200428A. Their observations of almost 
00 pulses o v er a period of two weeks make a strong case for two
tates in this magnetar: one in which bright outbursts occur at random
ulse phases (possibly during periods of intense magnetospheric 
ctivity), and another in which regular pulses are emitted within a 
arrow range of pulse phases. This would strengthen the magnetar–
RB connection and account for the lack of periodicity so far found

n any repeating FRBs (see e.g. Niu et al. 2022 ). 
Moti v ated by the prospect of probing FRBs and magnetars in a new

ay, we have carried out a dedicated surv e y of M82 which has good
ensitivity to radio pulses from sources like SGR 1935 + 2154. The
est of this paper is structured as follows. In Section 2 , we discuss the
redictions from the magnetar hypothesis in more detail. In Section 
 , we describe our observations using the 20-m telescope at Green
ank. In Section 4 , we summarize our results and discuss the main
ndings. Finally, in Section 5 , we present our conclusions. 

 T H E  F R B – M AG N E TA R  C O N N E C T I O N  

hough the origins of FRBs are still unknown, most theories 
gree that FRBs arise from compact objects which have access to 
ignificant resources of energy necessary to produce the observed 
mission (Platts et al. 2019 ). Magnetars, neutron stars with magnetic 
elds around 10 15 G (for a comprehensive review, see Kaspi & 

eloborodov 2017 ), fit that description, and are strong candidates as
ources for at least some fraction of the FRB phenomenon. Magnetars 
istinguish themselves from their radio pulsar counterparts in that 
heir dominant energy resource is in their magnetic fields. In dramatic 
ashion, magnetars release some of their energy in the form of
ursts that are visible by instruments across the electromagnetic 
pectrum, including in gamma rays and X-rays. The FRB-like pulse 
rom SGR 1935 + 2154 was temporally coincident with a burst of
oth soft gamma rays and hard X-rays (CHIME/FRB Collaboration 
020 ; Younes et al. 2020 ; Mereghetti et al. 2023a ). This leads to the
ossibility that a number of FRBs have higher frequency components 
hat are not detected due to being at extragalactic distances. 

SGR 1935 + 2154 was particularly active during the period in 
hich an FRB-like pulse was detected (CHIME/FRB Collaboration 
020 ). Assuming that the rate of radio bursts from magnetars in a
articular galaxy will scale roughly with star formation rate, M82, a 
earby starburst galaxy, should have a higher number of magnetars 
han other galaxy types. According to Bochenek et al. ( 2020b ), the
ate of potentially observable FRB-like pulses with fluences abo v e 
.5 MJy ms R = 3 . 6 + 3 . 4 

−2 . 0 yr −1 , where the ranges denote a 1 σ (68
er cent confidence interval) uncertainty. This result follows from a 
oissonian analysis (for details, see e.g. Rane et al. 2016 ), where the
robability density 

 ( R) = RT exp ( −RT ) , (1) 

ith T = 0.468 yr representing the total time observed by STARE2.
aking the 68 and 95 per cent confidence intervals, we then multiply
y a factor of 40 to estimate the FRB-like burst rate in M82. Assuming
uch events are above the detection threshold of a given observing 
ystem (see below), the number of FRBs we expect to find after a
ength of time within those bounds is plotted in Fig. 1 . At 34.8 d, we
xpect between 6 and 26 events. The shaded regions represent the
ossible range of bursts found by that time. We anticipate a detection
f an FRB-like burst within the first ∼20 d of observation. 
To estimate the detectability of FRB-like bursts with the 20-m tele-

cope, we take the fluence of FRB 20200428A found by Bochenek
t al. ( 2020b ) to be 1.5 MJy ms and a measured width of 0.6 ms. At
he distance of M82 of 3.66 Mpc (Tully et al. 2013 ) compared to the
 kpc distance to SGR 1935 + 2154 (Zhong et al. 2020 ), we estimate a
uence of 9.4 Jy ms if this event came from M82. Using the radiome-

er equation (Lorimer & Kramer 2004 ) and adopting the parameters
f the 20-m telescope given in the next section, we estimate a signal-
o-noise ratio, S/N ∼11. While this is sufficient to begin to test the
ypothesis presented here, as discussed below, enhanced sensitivity 
n future would provide more stringent constraints. 

 OBSERVATI ONS  A N D  DATA  ANALYSI S  

e carried out observations of M82 using the 20-m telescope at the
reen Bank Observatory . The telescope is available for use via the

emote telescope operating system Skynet (Langston et al. 2013 ). The 
elescope receiver operates at a central frequency of 1.4 GHz using a
ryogenically cooled system which collects data from two orthogonal 
olarization channels. A summary of the main characteristics in the 
ystem is given in Table 1 . Between 2020 October and 2022 January,
e scheduled observations of a maximum of 12 h per epoch. In total,
e obtained 34.8 d of on-source time on M82. 
MNRAS 528, 6340–6346 (2024) 



6342 S. Paine et al. 
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Figure 2. Schematic of the data acquisition and analysis pipeline, from the receiver to the final data outputs. 

Figure 3. A sample pulse from the Crab Pulsar. The top panel shows 
dedispersed intensity versus time, the middle panel shows intensity versus 
dedispersed frequency and time, and the bottom panel shows DM versus time. 
This particular event has a DM of 57.17 cm 

−3 pc and a S/N of 25. 
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After amplification and filtering, each of the dual polarization
hannels is digitized and combined in a dedicated field programmable
ate array which samples the observing band every 131 μs. The
esulting observation files are saved to disk in psrfits format
van Straten et al. 2010 ). By default, these files contain full Stokes
arameters and additional (unused) frequency channels. Within the
ominal 125 MHz band, which is split into 256 channels, due to
he presence of strong interference, a filter was applied which limits
NRAS 528, 6340–6346 (2024) 
he usable part of the spectrum to the 80 MHz between ∼1360-
440 MHz. In this experiment, as the telescope is not fully calibrated,
nd we are only interested in Stokes I, the psrfits files are
ombined into a single filterbank file (Lorimer 2011 ) with 256
ndividual frequency channels. Because of the presence of the filter,
he unused frequency channels are set to zero so as not to introduce
ny noise into the downstream analysis. Those files are then sent
o HEIMDALL and FETCH as discussed below. The pipeline is shown
chematically in Fig. 2 . 

The HEIMDALL 2 software package (Barsdell et al. 2012 ) performs
ncoherent dedispersion and single-pulse searches on graphical
rocessing units. HEIMDALL generates dedispersed time series from
he data using 471 trial DMs in the range 0–10 000 cm 

−3 pc. For
ach DM trial, individual pulses are sought via a matched filtering
rocess in which box-car kernels are used which are optimized to
nd pulses of varying widths in the range 0.131–67.1 ms. HEIMDALL

lso carries out some radio frequency interference removal using
ero-DM filtering (Eatough, Keane & Lyne 2009 ). If an excess of
ower is found with a S/N of at least 6, HEIMDALL flags the event
s a candidate pulse. An example pulse from a test observation of
he Crab pulsar is shown in Fig. 3 . This is a standard image format
hat is generated for all candidates from HEIMDALL and shows the
edispersed pulse (top), dedispersed frequenc y v ersus time (middle),
nd the search for the pulse in DM space (bottom). 

These data were searched for dispersed pulses using HEIMDALL

Barsdell et al. 2012 ). To optimize the process in which FRB
andidates from HEIMDALL are assessed, we used Fast Extragalactic
ransient Candidate Hunter ( FETCH ; Agarwal et al. 2020b ), an open-
ource machine learning platform originally developed for use on
he GREENBURST experiment (Surnis et al. 2019 ; Agarwal et al.
020a ). FETCH uses convolutional neural networks to analyse images
f the form shown in Fig. 3 . To select the most likely pulses of
strophysical origin, FETCH has been e xtensiv ely trained on data
cquired from surv e ys and observations with multiple telescopes.
e used FETCH in its default training set, model A. While it is known

see e.g. Nimmo et al. 2023 ) that this model can miss weak events
S/N < 10), it is adequate for the purposes of this search where we
re searching for events of greater statistical significance. The low-
ignificance events from M82 reported in this work are much closer to
he noise level than the Crab pulsar test observation shown in Fig. 3 .

To further validate our data collection system, we observed FRB
0220912A, a recently disco v ered repeating FRB (McKinven &
HIME/FRB Collaboration 2022 ) from the CHIME/FRB experi-
ent which has subsequently been observed by a number of other

elescopes, including FAST (Zhang et al. 2023 ). We observed FRB

https://sourceforge.net/projects/heimdall-astro
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Figure 4. A sample pulse from FRB 20220912A which was detected by the 
same search pipeline used for the 20-m observations of M82. 
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Table 2. Observing log summarizing all the dates and lengths of observations 
of M82 using the 20-m telescope. 

Date MJD Duration (h) 

2020-10-13 59135.8 2.0 
2020-10-14 59136.3 10.0 
2020-10-16 59138.2 8.0 
2020-10-18 59240.4 6.0 
2020-10-19 59140.3 6.0 
2020-10-20 59142.6 6.0 
2020-10-22 59144.1 10.0 
2020-10-24 59146.0 5.6 
2020-10-14 59146.2 12.0 
2020-10-15 59147.0 12.0 
2020-10-26 59148.2 12.0 
2020-10-27 59149.5 6.0 
2020-10-28 59150.6 6.0 
2020-11-02 59155.6 10.0 
2020-11-03 59156.2 10.0 
2020-11-04 59157.1 10.0 
2020-11-05 59158.2 10.0 
2020-11-12 59165.1 10.0 
2020-11-12 59165.5 10.0 
2020-11-13 59166.1 10.0 
2020-11-13 59166.8 2.0 
2020-11-15 59168.7 7.9 
2020-11-16 59169.6 4.0 
2020-11-17 59170.1 10.0 
2020-11-20 59173.8 5.4 
2020-11-21 59174.0 0.6 
2020-11-22 59175.6 8.7 
2020-11-23 59176.0 8.6 
2020-11-23 59176.6 5.4 
2020-11-24 59177.2 0.2 
2020-11-25 59178.1 5.4 
2020-11-27 59180.7 6.4 
2020-11-29 59182.1 4.9 
2020-12-01 59184.2 10.0 
2020-12-02 59185.6 8.5 
2020-12-07 59190.9 3.3 
2020-12-08 59191.6 1.4 
2020-12-09 59192.5 10.0 
2020-12-10 59193.2 10.0 
2020-12-18 59201.9 2.8 
2020-12-19 59202.0 10.0 
2020-12-20 59203.6 7.5 
2020-12-23 59206.2 0.6 
2020-12-23 59206.6 9.0 
2020-12-24 59207.8 2.7 
2020-12-26 59209.5 10.0 
2021-01-19 59233.1 10.0 
2021-01-19 59233.9 2.2 
2021-01-20 59234.8 4.5 
2021-01-21 59235.0 10.0 
2021-01-22 59236.6 4.8 
2021-01-22 59236.8 1.2 
2021-01-22 59238.9 3.3 
2021-01-23 59237.0 0.8 
2021-01-25 59239.8 4.0 
2021-01-16 59240.7 4.0 
2021-01-28 59242.1 4.5 
2021-03-31 59304.8 8.0 
2021-01-20 59234.8 4.5 
2021-01-21 59235.0 10.0 
2021-01-22 59236.6 4.8 
2021-01-22 59236.8 1.2 
2021-01-22 59236.9 3.3 
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0220912A for 10 h as part of a larger multi-telescope campaign 
eported elsewhere (Doskoch et al. 2023 ). For the purposes of this
aper, we note that FRB 20220912A is the first confirmed FRB
etection with the 20-m telescope at the Green Bank Observatory . As
t is similar in brightness to putative FRBs in M82, FRB 20220912A
erves as an excellent test source. We detected three clear pulses
rom FRB 20220912A (Doskoch et al. 2023 ). One of them is shown
n Fig. 4 . The pulse has a S/N 28.8 and a DM of 220.5 cm 

−3 pc.
his DM is consistent with that found by McKinven & CHIME/FRB
ollaboration ( 2022 ) and Zhang et al. ( 2023 ). 

 RESULTS  A N D  DISCUSSION  

rom a total of 835.3 h of observation time on M82, summarized
n Table 2 , 291 single-pulse candidates were detected. Most of the
eported S/Ns were around 6, with the highest being 7.4. These are
ll below our formal threshold of 8.5 Jy ms which would be expected
or events with S/Ns of 10 or greater. In the subsections below, we
iscuss the implications of these results. 

.1 Low significance pulses 

rom our test observations, and prior experience in other single- 
ulse search experiments (see e.g. Perera et al. 2022 ), it is difficult to
stablish the validity of a single pulse when its S/N is below 8. Such
andidates are generally weak and hard to discern features in the 
iagnostic plots. As recently demonstrated by Perera et al. ( 2022 ), a
omparable number of low S/N pulses can be found by de-dispersing
he data with ne gativ e DMs. 

To demonstrate the sensitivity of our e xperiment, we hav e con-
erted the S/Ns of our most promising candidates into peak flux 
MNRAS 528, 6340–6346 (2024) 

2021-01-23 59237.0 0.8 



6344 S. Paine et al. 

MNRAS 528, 6340–6346 (2024) 

Table 2 – continued 

Date MJD Duration (h) 

2021-01-25 59239.8 4.0 
2021-01-26 59240.7 4.0 
2021-01-28 59242.1 4.5 
2021-02-05 59250.8 0.7 
2021-02-08 59253.9 6.0 
2021-03-31 59304.8 8.0 
2021-04-03 59307.8 10.0 
2021-04-26 59330.5 0.0 
2021-04-26 59330.5 10.0 
2021-07-08 59403.8 10.0 
2021-09-28 59485.6 3.8 
2021-09-28 59485.6 4.4 
2021-09-28 59485.9 0.4 
2021-09-29 59486.0 0.1 
2021-09-29 59486.0 0.7 
2021-09-29 59486.0 3.8 
2021-09-29 59486.2 0.0 
2021-09-29 59486.2 7.5 
2021-09-30 59487.8 4.2 
2021-10-01 59488.1 10.0 
2021-10-01 59488.7 6.5 
2021-10-02 59489.0 10.0 
2021-10-05 59492.1 10.0 
2021-10-08 59495.7 0.4 
2021-10-08 59495.7 6.7 
2021-10-09 59496.4 4.7 
2021-10-09 59496.7 7.8 
2021-10-10 59497.1 1.7 
2021-10-10 59497.2 10.0 
2021-10-19 59506.8 4.3 
2021-10-20 59507.0 10.0 
2021-10-26 59513.5 10.0 
2021-10-27 59514.6 9.2 
2021-10-28 59515.2 7.6 
2021-10-29 59516.2 10.0 
2021-11-03 59521.6 9.3 
2021-11-04 59522.3 5.8 
2021-11-04 59522.6 9.1 
2021-11-05 59523.3 7.9 
2021-11-05 59523.6 8.4 
2021-11-06 59524.0 10.0 
2021-11-11 59529.2 10.0 
2021-11-18 59536.5 10.0 
2021-11-19 59537.6 10.0 
2021-11-20 59538.1 10.0 
2021-12-02 59550.5 10.0 
2021-12-03 59551.9 1.8 
2021-12-04 59552.0 3.7 
2021-12-06 59554.8 4.6 
2021-12-07 59555.2 10.0 
2021-12-07 59555.8 3.0 
2021-12-07 59555.9 1.3 
2021-12-08 59556.3 10.0 
2022-01-05 59584.7 6.5 
2022-01-06 59585.2 1.9 
2022-01-06 59585.3 10.0 
2022-01-10 59589.8 4.5 
2022-01-11 59590.2 10.0 
2022-01-12 59591.6 8.7 
2022-01-13 59592.0 10.0 
2022-01-21 59599.9 1.1 
2022-01-21 59600.3 7.4 
2022-01-21 59600.6 8.6 
2022-01-22 59601.7 1.9 

Figure 5. Flux density versus pulse width for known FRBs and our 
candidates. Known FRBs are in blue (Xu et al. 2023 ), the black dashed 
line shows the limit corresponding to S/N of 10 which extends over the range 
of pulse widths searched. The quantization seen for some pulse widths is due 
to the limited measurement precision of those entries in the database. 
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ensities using the radiometer equation (for further discussion, see
olpayegani et al. 2019 ) and plotted them as a function of pulse
idth in Fig. 5 . For context, we also show the currently known
RBs (Xu et al. 2023 ). These lie below the approximate detection

hreshold shown for S/N of 10. Our experimental setup is only
ensitive to the sample of brighter FRBs with flux densities greater
han approximately 10.4 Jy / 

√ 

W for pulse widths, W , in ms. As
hown in Fig. 5 , this sample makes up a smaller but non-negligible
raction of the population. Our intention with this comparison is
o show that, in the absence of any significant propagation effects
iscussed below, the 20-m telescope is able to detect the brighter end
f the FRB sample. 

.2 Repeating pulses 

ne way to establish the astrophysical reality of a candidate is the
etection of a repeating source which emits multiple pulses at the
ame DM. In such cases, the probability of non-astrophysical events
ccurring by chance will decrease when more pulses have the same
M. In our list of candidates, we found two DMs each have four

ow S/N repetitions. These DMs are 719 cm 

−3 pc and 216 cm 

−3 pc.
hile these DMs are likely on the low end of any sources in M82

see Section 4.4 ), we now quantify the significance of these results. 
Using a Poissonian framework, the probability of finding n pulses

t the same DM from a sample of N total pulses found in a search
 v er T DM trials, 

 ( n | N , T ) = 

( N /T ) n exp ( −N /T ) 

n ! 
. (2) 

umming equation ( 2 ) gives the probability of obtaining greater than
r equal to n events by chance, 

 = 

∞ ∑ 

i= n 

( N /T ) i exp ( −N /T ) 

i! 
. (3) 

he complement of this result is the confidence level in a detection
f n or more real pulses at the same DM, 

 = 1 − p = 

i= n −1 ∑ 

i= 0 

( N /T ) i exp ( −N /T ) 

i! 
, (4) 
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here as n increases, C also increases. In our case, with n = 4 from a
ample of N = 291 pulses with T = 462 DM trials, we find C = 99.6
er cent, i.e. an equi v alent gaussian significance of only 3 σ . To reach
 5 σ significance, we would need at least eight pulses at the same
M. We therefore conclude that the four pulses detected in each of

wo DM trials are not statistically significant with expectations for 
n astrophysical source and are instead entirely consistent with a 
andom sampling from our candidates. 

.3 Constraining the rate of FRB-like pulses from M82 

ince none of the candidate events discussed above can be confidently 
lassified as astrophysical in origin, this null result is in tension with
ur hypothesis: after 34.8 d, as shown in Fig. 1 , we would have
xpected about 10 events above our detection threshold from M82. 
ithout a single detection, we must reexamine our assumptions to 

raw new conclusions. 
In the Poissonian re gime, giv en a burst rate R , the probability of

nding no events after a time T can be written (see e.g. Rane et al.
016 ) simply as P (0 | R , T ) = exp ( − RT ). Setting this as the likelihood
n a Bayesian analysis with a flat prior in R gives the same decaying
xponential functional form for the posterior PDF of R . The formal
pper limit on R for some confidence level C is then 

 = − ln (1 − C) 

T 
. (5) 

etting T = 34.8 d and C = 0.95, the 95 per cent upper bound on
he rate of FRB-like pulses, given our lack of detections with the
0 m is 0.09 d −1 or about 30 yr −1 with fluences abo v e 8.5 Jy ms.
e can use this result to place an upper bound on the relative star

ormation rate for M82, based on Bochenek et al. ( 2020b ) where the
ate of FRB-like pulses was found to be R STARE2 . We can express this
ondition as 

SFR M82 

SFR MW 

= 

R M82 

R STARE2 
, (6) 

here SFR M82 is the star formation rate of M82, SFR MW 

is the star
ormation rate of the Milky Way, and R M82 is the rate in M82 that we
ave constrained to be less than 30 per yr. Taking the nominal value
f R STARE2 to be 3.6 yr −1 , we find that SFR M82 /SFR MW 

< 9. This rate
latantly contradicts Barker, de Grijs & Cervi ̃ no ( 2008 ), who find
FR M82 /SFR MW 

= 40. 

.4 Obser v ational limitations of the current study 

n view of the apparent tension between our formal upper limit
n SFR versus that found by Barker et al. ( 2008 ), is important to
nvestigate the deleterious impacts of propagation effects on our 
ensitivity which might explain our lack of detections with the 20 m.
s shown by Puxley et al. ( 1989 ) from hydrogen recombination line
easurements, the average electron density in M82 is likely to be 
30 cm 

−3 . A typical DM contribution from a line of sight piercing a
ew kpc into M82, then, would be around several thousand cm 

−3 pc.
lthough we searched up to DMs of 10 4 cm 

−3 pc, propagation 
ffects from scattering and dispersion could significantly hinder the 
etection of any pulses. 
To quantify this, consider three example DMs of 1000, 3000, and 

000 cm 

−3 pc. Using the scaling law between DM and scattering time
erived from Galactic pulsars given in equation (8) of Cordes, Ocker 
 Chatterjee ( 2022 ), we find scattering times of 56 ms, 7.8 s, and

000 s, respectively. Correcting for the geometrical effect of having a 
cattering screen close to the source (see e.g. equation (1) of Lorimer
t al. 2013 ) we find 0.7 ms, 93 ms and 13 s, respectively . Similarly ,
he dispersion broadening across individual frequency channels are, 
espectively, 1.5, 4.4 ms and 13 ms, for DMs of 1000, 3000, and
000 cm 

−3 pc. While pulses with DMs at the low end of this range
ould be detectable, the broadening particularly from scattering is 
na v oidable at the higher DMs. From these calculations we conclude
hat our current experiment is not fully sensitive to the range of DMs
nticipated in M82. 

.5 Constraints on radio activity from GRB 231115A 

fter the initial submission of this paper, multiple high energy 
bservatories reported the detection of a gamma-ray burst, GRB 

31115A, from the direction of M82 (Burns 2023 ; Fermi GBM
eam 2023 ; Mereghetti et al. 2023b ). The short duration (30 ms) of

his event and its energetics fa v our a magnetar flare origin (Dalessi
t al. 2023 ; Ronchini et al. 2023 ). GRB 231115A appears to represent
xactly the kind of source that we have been searching for in this
ork. The positional offset of this from the center of M82, well

way from the peak of the H α emission, suggests that any radio
mission from this source is unlikely to be significantly affected 
y interstellar scattering. As described by Curtin & CHIME/FRB 

ollaboration ( 2023 ), GRB 231115A was within the CHIME/FRB
eld of view during the time of the high-energy flare, setting an upper

imit of 260 Jy on the peak flux density in the 400–800 MHz band.
ptimal sensitivity of 0.5 Jy was obtained some 80 min prior to the

vent when the source transited through the meridian. CHIME/FRB 

rchi v al observ ations also provide upper limits on the source activity
 v er the last 2 yr at the 0.5 Jy le vel. Our observ ations complement
hese and provide upper limits in the 1.4 GHz band at the level of
.85 Jy for a 10 ms pulse at each of the epochs in Table 2 . At the
istance of M82, this corresponds to a radio luminosity upper limit
f 1.2 × 10 28 erg s −1 Hz −1 . 

.6 Comparison with other work 

elliciari et al. ( 2023 ) published a study searching nearby high
tar formation galaxies for FRBs using the Northern Cross Radio 
elescope at 400 MHz, reporting a single pulse coming from the
irection of (though likely not associated with) M101. All other 
earby galaxies in their sample, including M82, had no statistically 
ignificant detections. The study had 184 h, or 7.67 d, of M82
bservations. Using the same framework as in Section 4.3 , this
ranslates with 95 per cent confidence to an upper limit of about
.4 d −1 , for events above their nominal fluence limit of 38 Jy ms at
08 MHz. Translating between this lower frequency and our 20-m 

elescope observations at 1400 MHz assuming a nominal power-law 

pectral index of –1.4 (typical for pulsars; Bates, Lorimer & Verbiest
013 ) gives an equivalent fluence limit at 1400 MHz of ∼7 Jy ms,
imilar to our threshold. 

 C O N C L U S I O N S  

e have attempted to detect radio pulses from the starburst galaxy
82 using 35 d of observations at 1.4 GHz with the 20-m telescope at

he Green Bank Observ atory. Moti v ated by the disco v ery of an FRB-
ike pulse from Galactic magnetar SGR 1935 + 2154 (Bochenek et al.
020b ; CHIME/FRB Collaboration 2020 ), we hypothesized that if 
he rate of radio pulses from magnetars scales with the star formation
ate, around 10 pulses with S/N > 10 would have been seen from

82 during our observations. We detected no such events with S/Ns
MNRAS 528, 6340–6346 (2024) 
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reater than 8 and, for a S/N threshold of 10, place an upper limit of
0 yr −1 on pulses with fluences greater than 8.5 Jy ms. 
While our null result indicates a rate that is much lower than

xpected based on extrapolations from the rate of FRB-like pulses
rom Galactic magnetars, we consider this is most likely a result of
he sensitivity of our experiment being: (i) very close to the fluences
xpected from M82; (ii) further hindered by scatter broadening as
 result of the highly ionized environment in M82. Searches of
82 at significantly higher frequencies would be a way to make

rogress in this area. Even at 8 GHz, the expected scatter broadening
rom a source in M82 would be of order 20 ms. Bochenek ( 2021 )
redicts that a 20 GHz surv e y of M82 would require up to a year of
bservations to detect pulses. Finally, we note that our expectations
f the rate of pulses from magnetars in M82 is based on a Poissonian
xtrapolation of one event from extended observations of SGR
935 + 2154. If the underlying distribution of events from sources
n M82 is non-Poissonian in nature, then our observing campaign
ight have missed an outburst, such as GRB 231115A described

bo v e. Further monitoring of M82 could ultimately lead to more
efinitive conclusions than possible here. 
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