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Fast radio bursts (FRBs) are millisecond duration radio signals from unknown cosmic origin. Many
models associate FRBs with high-energy astrophysical objects such as magnetars. In this attempt
to find counterparts to FRBs we explore gamma-ray bursts (GRBs) from the Swift and Fermi
missions. We first search for spatial correlations between FRB and GRB populations as a whole
and then search for a one-by-one correlation between each of the FRBs and GRBs investigated.
Temporal coincidences are not considered. To evaluate the significance of any correlation found,
we generate background realizations that take into account instrumentally induced anisotropies
in the distribution of the sources. Neither study yields any significant counterpart detection. We
estimate that less than 4% of the FRBs are associated with GRBs in the studied samples.
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1. Introduction

Fast Radio Bursts (FRBs) are flashes of radio emission from astrophysical origin that last from a
fraction of a millisecond to a few milliseconds. The Lorimer Burst [1] was the first FRB discovered
using the archival data of the Parkes radio telescope. Since then, FRB detections have increased
and reached more than 600 detections by July 2022. There are two types of FRBs: repeaters
and non-repeaters. In 2020, for the first time, an FRB from galactic origin, FRB 20200428 A,
was detected [2—4] repeatedly [5, 6]. The FRB is associated to a soft gamma-ray repeater (SGR),
SGR1925+2154 [7] which is a magnetar. FRB 20200428A was detected during an active outburst
phase of the magnetar that lasted several weeks. Coincidentally with the FRB, X-ray outbursts have
been detected by several instruments [§—11]. A hint of a gamma-ray transient was discovered in the
Swift satellite data contemporaneously to FRB 20131104 [12]. However, the 2022 outburst remains
the only confirmed electromagnetic counterpart to an FRB until now (October 2022).

The short emission time and the high-temperature brightness of FRBs imply small emission
regions and coherent processes [13]. Some of the most prominent sources linked to FRBs, and
repeating FRBs in particular, are magnetars [14, 15]. For example, the interaction of a magnetar
with a surrounding nebula could produce FRBs through synchrotron maser emission [16—18]. Some
of these models suggest the FRB could be accompanied by a gamma-ray outburst. FRB 20200428A,
in spite of having a low energy budget on the FRB scale, is the first observational evidence of this
association. For this specific FRB, it has been suggested that the unusually hard spectrum implies
a common origin for the radio and X-ray emission [9]. The hard X-ray spectrum points to a non-
thermal nature, which can lead to the production of gammarays [10]. Other prominent sources linked
to FRBs are neutron star interactions, hyperflares and giant flares from magnetars [19, 20], binary
white dwarf mergers [21], black hole interactions [22, 23] and neutron star interactions [24-28].
Whether the sources of FRBs are magnetars or compact object interactions, they are undoubtedly
very energetic sources that would be capable of producing gamma rays. Magnetars for example
are linked to short gamma-ray bursts [GRBs, 29] as well as mergers involving at least one neutron
star [30, 31].

Several attempts have been made to search for FRB counterparts either by looking in archival
data or by actively observing or following-up FRBs with no clear success until now. From recent
archival searches no clear relations were found between IceCube neutrinos and CHIME FRBs [32]
and no association between gravitational waves and FRBs was found [33, 34]. An optical coun-
terpart was possibly found for FRB 20180916b [35]. On the gamma-ray transients side, a possible
counterpart for FRB 20171209 was found [36] from a search including 110 FRB and 1440 GRBs
with an afterglow detection. Moreover, a gamma-ray transient has been reported as a possible
counterpart to FRB 20121104 [37]. A search including CHIME FRBs and GRBs (short and long)
detected between July 2018 and July 2019 did not find any GRB counterparts to FRBs [38]. A
similar result was found for Insight-HXMT gamma-ray transients and FRBs [39].

Our work aims to independently establish a spatial link between FRBs and gamma-ray tran-
sients, notably GRBs, by looking at archival data of the last two decades from active GRB obser-
vatories such as Swift and Fermi. Several models expect different timescales for FRB emission
from GRB progenitors. For example, in some models of FRBs from young magnetars, the time
difference between the initial cataclysmic event (GRB progenitor) and the FRB emission can be
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years or even decades [40, 41]. On the other hand, in the case of FRB 20200428A the high energy
emission arrived simultaneously with the FRB. In a merger-driven explosion scenario, it is possible
that the FRB emission precedes the high energy emission from a long GRB [42]. For these reasons,
we do not consider any temporal constraints on the emission in our study. Since both neutron star
mergers and the core collapse of massive stars could lead to the production of a magnetar, we do
not differentiate between short and long GRBs. Finally, given that a fraction of non-repeater FRBs
might be undetected repeaters [43] and that the difference between repeaters and non-repeaters is
not perfectly clear, we do not differentiate between these two types either.

2. Data and background

For this study, we consider all FRBs since the first detection until July 2022. This sample of
FRBs is taken from the Transient Name Server (TNS)!. For GRBs, we consider those detected by the
Burst Alert Telescope (BAT) on board the Swift obsevatory [44] for their precise localisation [45].
To avoid duplication, when the X-ray Telescope (XRT) position is available we only consider it.
We also enlarge our sample by adding Fermi GRB detections. The Fermi GRBs are taken from
the Gamma-ray Burst Monitor (GBM) [46] GRB catalog that is the catalog [47-50]. Moreover,
we include GRBs from the Large Area Telescope [LAT, 51, 52] on the Fermi gamma-ray space
telescope. We remove all entries from the Fermi catalogs that are also detected by Swift. Fermi-
GBM GRBs are poorly localized with localization regions that span several square degrees in
the sky. Therefore, we consider Fermi-GBM GRBs with localization uncertainties smaller than
1 degree separately. These are mainly detected and localized by other instruments. The three
datasets represent GRBs detected in different energy ranges with different instrumental detection
biases. They are first treated separately to highlight these differences, then combined into one
dataset including all selected GRBs.

The data is compared to a background generated from the data itself. While the underlying
distribution of GRBs can be approximated as isotropic, the distribution of detected positions can
be affected by instrumental biasses. Therefore, to simulate the background we use the positions of
the sources in the dataset. The goal is to generate 1000 simulated GRB catalogues with positions
that follow the distribution of the Swift-BAT GRBs in the sky. The separations squared between
FRBs and GRBs are calculated for each simulated catalogue, binned and plotted in histogram after
averaging the bins. Equidistant elements from the Swift-BAT declinations cosines are taken to
generate a function describing their distribution. The function is then applied to a set of random
numbers between 0 and 1 having the same length as the initial sample to generate the cosine of the
simulated declinations. The right ascensions are generated by subdividing the declination cosine
distribution into 20 intervals and applying the same method as above for each of the sub-intervals.

3. Searching for gamma-ray counterparts for FRB and GRB populations

Populations of FRBs and gamma-ray transients can be studied to test spatial correlations
between them [32]. The idea here is to calculate separations squared (sepz) between FRBs and
other transients, plot the histograms of separations squared and compare them to a background. If
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Figure 1: sep” between FRBs and Swift-BAT (upper left), Fermi-GBM (< 1 deg uncertainty, upper right),
Fermi-LAT (lower left), and the combination of all three GRB catalogs (lower right) distribution. The blue
dots show the number of matches in each bin and their uncertainty (signal) and the red dots show the same
for the averaged generated background (background). The bottom plots show the significance of the excess
computed for each bin.

there is any spatial correlation between FRBs and other transients populations, we would expect to
see a significant excess in the first few histogram bins.

The background is generated as explained in Sec. 2. The separation squared between FRBs
and GRBs is calculated. To determine the bin size, the average positional uncertainty is considered
for FRBs and GRBs. The average error squared is: (6°) = (6%RB> + ((%RB)

We generate 1000 realizations. The separation squared are binned and the average of the bins
are calculated. The resulting histograms are shown in Fig. 1. The excess and the significance of the
excess in each bin is:

Non — aN
Excess = Nop —aNog and o = _Yon — @ Noff 1)

Y N0n + azNoﬂf

where N, is the number of entries for each signal bin, Nog is the sum of entries of the background
bins and « is 1/1000.

This method is used to establish correlations between FRBs and Swift-BAT, Fermi-GBM (<
1 deg uncertainties) and Fermi-LAT GRBs. The study is also repeated combining all three GRB
catalogues. The bin size depends on the localization uncertainties. We find that for the comparison
with Swift-BAT and Fermi-GBM, a bin size of 0.5 deg? is suitable, allowing any excess to appear
in the first bins if any significant correlation exists. Due to a small number of GRBs detected
by Fermi-LAT, the bin size is slightly larger in order to increase the statistics in each bin. The
simulated background follows the signal distribution which is a good indication of the reliability of
the background generation method. No significant excess can be extracted from the first few bins.
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4. Searching for gamma-ray counterparts for FRBs case by case

Catalogues FRB GRB Separation P,
FRB - BAT FRB20190304C GRB201128A 0.057 0.028
FRB - BAT FRB20171209A  GRB 110715A 0.084 0.005
FRB - GBM FRB20181218A  GRB 20306761 0.152 0.1734
FRB - GBM FRB20181018C GRB 210308276 0.429 0.0132
FRB - LAT FRB20190612A GRB 151006413 0.237 0.041
FRB - LAT FRB20190201A GRB 211023546 0.805 0.033
FRB - ALL FRB20190304C  GRB201128A 0.057 0.044
FRB - ALL FRB20171209A  GRB 110715A 0.084 0.007

e e e B v

Table 1: Smallest separations and chance probabilities obtained for FRB and GRB pairs.

As a second attempt to establish a link between FRBs and GRBs we look at spatial coinci-
dences between all well-localized GRBs and FRBs. Following [36] and [35], for each FRB, a
10-degree radius region around it is considered. The effective expected number of GRBs inside
each of these areas is: A = p;S, where p; is the effective density of GRBs in the region around
each of the FRBs and S is the surface of the region. Taking into consideration the whole sky:
S =41252.96(1 — cos(D + 6prp + 0Gre)) deg” where D is the angle between the FRB and the
GRB, 0prp = \/m is the error radius of the FRB and dgrg is the error radius of the
GRB. The GRBs inside the 10-degree radius region follow a Poisson distribution. The chance
probability of finding one or more GRBs in the FRB test region is P;; and the post-trial chance

probability P are:
N

Pii=l-exp(-1) and P=1-]](1-Pyy) )
i=1
where N = 627 is the total number of FRBs in our study. P; ; and P values are computed for all the
matches between CHIME FRBs and GRBs.

We search for coincidences between FRBs and Swift-BAT, Fermi-GBM (< 1 deg uncertainties)
and Fermi-LAT GRBs making sure to remove all duplicate detections. We also combine all three
catalogs together. The most significant results are shown in Tab. 1. We find several matches with
small separations and small chance probabilities Pi. One of them is the pair FRB 20171209A -
GRB 110715A found in [36]. The fact that we used a bigger sample and a slightly different approach
yields to slightly different chance probabilities.

5. Discussion and conclusions

For the population study, where we considered FRB and GRB population as a whole, the
histograms show that the signal in the first few bins does not exceed the background by a significant
amount that allows us to claim an association between the two populations. In order to asses the
sensitivity of the study in Sec. 3, we inject fake GRBs that are spatially associated with FRBs. For
that, we consider the position of a random FRB with its localization uncertainty. We generate a new
position based on this information and assign it to a random GRB in the GRB catalog. The new
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Figure 2: Sensitivity curves showing the significance vs the percentage of injected fake GRBs with FRB
positions for the Swift-BAT (upper left), Fermi-GBM (<1 deg uncertainty, upper right), Fermi-LAT (lower
left) and the combination of all three GRB catalogues (lower right). The black curves show the result of
individual sensitivity studies repeated 10 times for each case. The red curves are the average of the black
curves for each case.

GRB position is also generated taking into consideration the localization uncertainties of the GRB
instruments. The number of fake GRB injections is increased progressively and the analysis in
Sec. 3 is repeated each time. The entire study is then repeated 10 times. Fig.2 shows the sensitivity
curves for each of the GRB catalogs, apart and combined. The x-axis shows the percentage of
GRBs needed to be associated with FRBs to claim as a significant population association and the
y-axis shows the confidence level. From these plots, we conclude that less than 3%, 5%, 48% and
3% of the FRBs are associated with Swift-BAT, Fermi-GBM, Fermi-LAT, and all GRBs combined
respectively with a 95% confidence level. It is also worth mentioning that we applied this study
to the Fermi-GBM GRBs that have localization uncertainties larger than 1 degree. The average
uncertainty for these GRBs are larger than 6 degrees. We also applied this study to the Fermi-GBM
trigger catalog that consists of gamma-ray transients that are not classified as GRBs. Both studies
did not yield any significant detection in their current form. Large uncertainties in these catalogs
significantly decreases the sensitivity of the study and prevent us from claiming any detection. This
discourages us to investigate further catalogs with large uncertainties such as the BATSE GRB
catalogue [53] with the current methods.

In the case-by-case search in Sec. 4, several matches between FRBs and GRBs with small
chance probabilities were found. However, taking into account the number of trials increases these
chance probabilities to 1 for nearly all matches. This concludes that no significant association can
be claimed for any of the FRB - GRB pairs. The sensitivity of the radio telescopes like CHIME to
increasing declination is a caveat that should be taken into consideration. The localization precision
of CHIME seems to deteriorate with increasing altitudes. However, the inclusion of this caveat is
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beyond the scope of this study.

Finally, considering a scenario where the GRB is generated in the initial cataclysmic event that
created the magnetar and the FRB later on by the interactions of the magnetar and the surrounding
nebula, it is possible that the delay between the GRB and the FRB might be longer than a few years.
In the case of the repeater FRB 20121104B, the system is believed to be between 20 and 50 years
young, while observations of FRB 20180916A suggest a system between 200 and 500 years old.
The contemporaneity of the GRB and the FRB data used here might be an explanation for the lack
of significant association. In that case, the use of older GRB data might be beneficial to test this
scenario.

References

[1] D.R. Lorimer, M. Bailes, M.A. McLaughlin et al., Science 318 (2007) 777.

[2] CHIME/FRB Collaboration, B.C. Andersen, K.M. Bandura et al., Nature 587 (2020) 54
[2005.10324].

[3] P. Scholz, The Astronomer’s Telegram #13681 (2020) .
[4] C. Bochenek, S. Kulkarni, V. Ravi et al., The Astronomer’s Telegram #13684 (2020) .
[5] C.E. Zhang, The Astronomer’s Telegram #13699 (2020) .
[6] F. Kirsten, M.P. Snelders, M. Jenkins et al., Nature Astronony (2020) .
[7]1 P. Zhou, X. Zhou, Y. Chen et al., 905 (2020) 99 [2005.03517].
[8] M. Tavani, C. Casentini, A. Ursi et al., Nature Astronomy 5 (2021) 401-407 [2005.12164].
[9] A. Ridnaia, D. Svinkin, D. Frederiks et al., Nature Astronomy in press (2021) .
[10] C.K. Li, L. Lin, S.L. Xiong et al., Nature Astronomy 5 (2021) 378.
[11] S. Mereghetti, V. Savchenko, C. Ferrigno et al., ApJ 898 (2020) L29.
[12] J.J. DeLaunay, D.B. Fox, K. Murase et al., ApJ 832 (2016) L1.
[13] E. Petroff, JJW.T. Hessels and D.R. Lorimer, AARv 27 (2019) 4 [1904.07947].

[14] S.B. Popov and K.A. Postnov, in Evolution of Cosmic Objects through their Physical
Activity, H.A. Harutyunian, A.M. Mickaelian and Y. Terzian, eds., pp. 129-132, Nov., 2010
[0710.2006].

[15] A.M. Beloborodov, ApJL 843 (2017) L26 [1702.08644].

[16] Y. Lyubarsky, MNRAS 442 (2014) L9 [1401.6674].

[17] B.D. Metzger, B. Margalit and L. Sironi, MNRAS 485 (2019) 4091 [1902.01866].
[18] A.M. Beloborodov, ApJ 896 (2020) 142 [1908.07743].

[19] S.B. Popov and K.A. Postnov, arXiv e-prints (2013) arXiv:1307.4924 [1307.4924].

[20] S. Popov, K. Postnov and M. Pshirkov, Int. J. Mod. Phys. D 27 (2018) 1844016
[1801.00640].

[21] K. Kashiyama, K. Ioka and P. Mészéros, ApJL 776 (2013) L39 [1307.7708].
[22] T. Liu, G.E. Romero, M.-L. Liu et al., ApJ 826 (2016) 82 [1602.06907].
[23] H. Falcke and L. Rezzolla, A&A 562 (2014) A137.


https://doi.org/10.1126/science.1147532
https://doi.org/10.1038/s41586-020-2863-y
https://arxiv.org/abs/2005.10324
https://doi.org/10.1038/s41550-020-01246-3
https://doi.org/10.3847/1538-4357/abc34a
https://arxiv.org/abs/2005.03517
https://doi.org/10.1038/s41550-020-01276-x
https://arxiv.org/abs/2005.12164
https://doi.org/10.1038/s41550-020-01265-0
https://doi.org/10.1038/s41550-021-01302-6
https://doi.org/10.3847/2041-8213/aba2cf
https://doi.org/10.3847/2041-8205/832/1/l1
https://doi.org/10.1007/s00159-019-0116-6
https://arxiv.org/abs/1904.07947
https://arxiv.org/abs/0710.2006
https://doi.org/10.3847/2041-8213/aa78f3
https://arxiv.org/abs/1702.08644
https://doi.org/10.1093/mnrasl/slu046
https://arxiv.org/abs/1401.6674
https://doi.org/10.1093/mnras/stz700
https://arxiv.org/abs/1902.01866
https://doi.org/10.3847/1538-4357/ab83eb
https://arxiv.org/abs/1908.07743
https://arxiv.org/abs/1307.4924
https://doi.org/10.1142/S0218271818440169
https://arxiv.org/abs/1801.00640
https://doi.org/10.1088/2041-8205/776/2/L39
https://arxiv.org/abs/1307.7708
https://doi.org/10.3847/0004-637X/826/1/82
https://arxiv.org/abs/1602.06907
https://doi.org/10.1051/0004-6361/201321996

FRB-GRB counterparts H. Ashkar

[24] T. Totani, PASJ 65 (2013) L12[1307.4985].

[25] M. Lyutikov, ApJ 768 (2013) 63.

[26] S. Yamasaki, T. Totani and K. Kiuchi, PASJ 70 (2018) 39 [1710.02302].

[27] E.L. Vieyro, G.E. Romero, V. Bosch-Ramon et al., A&A 602 (2017) A64 [1704.08097].
[28] B.Zhang, ApJL 854 (2018) L.21 [1801.05436].

[29] E. Burns, D. Svinkin, K. Hurley et al., ApJL 907 (2021) L28 [2101.05144].

[30] D. Eichler, M. Livio, T. Piran et al., Nature 340 (1989) 126.

[31] W. Fong, E. Berger, R. Margutti et al., ApJ 815 (2015) 102 [1509.02922].

[32] S. Desai, 2021. 10.48550/ARXIV.2112.13820.

[33] Y.-F. Wang and A .H. Nitz, 2022. 10.48550/ARXIV.2203.17222.

[34] The LIGO Scientific Collaboration, The Virgo Collaboration, The KAGRA Collaboration
etal.,, 2022. 10.48550/ARXIV.2203.12038.

[35] L. Li, Q.-C. Li, S.-Q. Zhong et al., ApJ 929 (2022) 139.

[36] X.-G. Wang, L. Li, Y.-P. Yang et al., ApJL 894 (2020) L.22.

[37] J.J. DeLaunay, D.B. Fox, K. Murase et al., ApJL 832 (2016) L1 [1611.03139].
[38] A.P. Curtin, S.P. Tendulkar, A. Josephy et al., 2022. 10.48550/ARXIV.2208.00803.
[39] C. Guidorzi, M. Marongiu, R. Martone et al., A&A 637 (2020) A69 [2003.10889].
[40] B.D. Metzger, E. Berger and B. Margalit, ApJ 841 (2017) 14.

[41] K. Murase, K. Kashiyama and P. Mé szaros, MNRAS 461 (2016) 1498.

[42] D.Z. Dong, G. Hallinan, E. Nakar et al., Science 373 (2021) 1125.

[43] J.I. Katz, MNRAS 516 (2022) 53.

[44] N. Gehrels, G. Chincarini, P. Giommi et al., ApJ 611 (2004) 1005 [astro-ph/0405233].
[45] A. Lien, T. Sakamoto, S.D. Barthelmy et al., ApJ 829 (2016) 7.

[46] C. Meegan, G. Lichti, P.N. Bhat et al., ApJ 702 (2009) 791.

[47] A. von Kienlin, C.A. Meegan, W.S. Paciesas et al., ApJ 893 (2020) 46.

[48] D. Gruber, A. Goldstein, V.W. von Ahlefeld et al., ApJS 211 (2014) 12.

[49] A. von Kienlin, C.A. Meegan, W.S. Paciesas et al., ApJS 211 (2014) 13.

[50] P.N. Bhat, C.A. Meegan, A. von Kienlin et al., ApJS 223 (2016) 28.

[51] C. Cecchi and the GLAST LAT Collaboration, JPCS 120 (2008) 062017.

[52] S. Abdollahi, F. Acero, M. Ackermann et al., ApJS 247 (2020) 33.

[53] W.S. Paciesas, C.A. Meegan, G.N. Pendleton et al., ApJS 122 (1999) 465.


https://doi.org/10.1093/pasj/65.5.L12
https://arxiv.org/abs/1307.4985
https://doi.org/10.1088/0004-637x/768/1/63
https://doi.org/10.1093/pasj/psy029
https://arxiv.org/abs/1710.02302
https://doi.org/10.1051/0004-6361/201730556
https://arxiv.org/abs/1704.08097
https://doi.org/10.3847/2041-8213/aaadba
https://arxiv.org/abs/1801.05436
https://doi.org/10.3847/2041-8213/abd8c8
https://arxiv.org/abs/2101.05144
https://doi.org/10.1038/340126a0
https://doi.org/10.1088/0004-637X/815/2/102
https://arxiv.org/abs/1509.02922
https://doi.org/10.3847/1538-4357/ac5d5a
https://doi.org/10.3847/2041-8213/ab8d1d
https://doi.org/10.3847/2041-8205/832/1/L1
https://arxiv.org/abs/1611.03139
https://doi.org/10.1051/0004-6361/202037797
https://arxiv.org/abs/2003.10889
https://doi.org/10.3847/1538-4357/aa633d
https://doi.org/10.1093/mnras/stw1328
https://doi.org/10.1126/science.abg6037
https://doi.org/10.1093/mnras/stac2174
https://doi.org/10.1086/422091
https://arxiv.org/abs/astro-ph/0405233
https://doi.org/10.3847/0004-637x/829/1/7
https://doi.org/10.1088/0004-637x/702/1/791
https://doi.org/10.3847/1538-4357/ab7a18
https://doi.org/10.1088/0067-0049/211/1/12
https://doi.org/10.1088/0067-0049/211/1/13
https://doi.org/10.3847/0067-0049/223/2/28
https://doi.org/10.1088/1742-6596/120/6/062017
https://doi.org/10.3847/1538-4365/ab6bcb
https://doi.org/10.1086/313224

	Introduction
	Data and background
	Searching for gamma-ray counterparts for FRB and GRB populations
	Searching for gamma-ray counterparts for FRBs case by case
	Discussion and conclusions

