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10 Instytut Fizyki Jaḑrowej PAN, ul. Radzikowskiego 152, 31-342 Kraków, Poland

11 DESY, D-15738 Zeuthen, Germany
12 Obserwatorium Astronomiczne, Uniwersytet Jagielloński, ul. Orla 171, 30-244 Kraków, Poland

13 Department of Physics and Electrical Engineering, Linnaeus University, SE-351 95 Växjö, Sweden
14 Institut für Astronomie und Astrophysik, Universität Tübingen, Sand 1, D-72076 Tübingen, Germany

15 Laboratoire Univers et Théories, Observatoire de Paris, Université PSL, CNRS, Université de Paris, F-92190 Meudon, France
16 Sorbonne Université, Université Paris Diderot, Sorbonne Paris Cité, CNRS/IN2P3, Laboratoire de Physique Nucléaire et de Hautes Energies, LPNHE, 4 Place

Jussieu, F-75252 Paris, France
17 Dublin Institute for Advanced Studies, 31 Fitzwilliam Place, Dublin 2, Ireland

18 GRAPPA, Anton Pannekoek Institute for Astronomy, University of Amsterdam, Science Park 904, 1098 XH Amsterdam, The Netherlands
19 Friedrich-Alexander-Universität Erlangen-Nürnberg, Erlangen Centre for Astroparticle Physics, Erwin-Rommel-Str. 1, D-91058 Erlangen, Germany

20 Astronomical Observatory, The University of Warsaw, Al. Ujazdowskie 4, 00-478 Warsaw, Poland

The Astrophysical Journal, 919:106 (9pp), 2021 October 1 https://doi.org/10.3847/1538-4357/ac0fe1
© 2021. The Author(s). Published by the American Astronomical Society.

1

https://orcid.org/0000-0003-1157-3915
https://orcid.org/0000-0003-1157-3915
https://orcid.org/0000-0003-1157-3915
https://orcid.org/0000-0002-1998-9707
https://orcid.org/0000-0002-1998-9707
https://orcid.org/0000-0002-1998-9707
https://orcid.org/0000-0001-5067-2620
https://orcid.org/0000-0001-5067-2620
https://orcid.org/0000-0001-5067-2620
https://orcid.org/0000-0002-2153-1818
https://orcid.org/0000-0002-2153-1818
https://orcid.org/0000-0002-2153-1818
https://orcid.org/0000-0002-9326-6400
https://orcid.org/0000-0002-9326-6400
https://orcid.org/0000-0002-9326-6400
https://orcid.org/0000-0003-0477-1614
https://orcid.org/0000-0003-0477-1614
https://orcid.org/0000-0003-0477-1614
https://orcid.org/0000-0002-5085-8828
https://orcid.org/0000-0002-5085-8828
https://orcid.org/0000-0002-5085-8828
https://orcid.org/0000-0003-1720-7959
https://orcid.org/0000-0003-1720-7959
https://orcid.org/0000-0003-1720-7959
https://orcid.org/0000-0002-2918-1824
https://orcid.org/0000-0002-2918-1824
https://orcid.org/0000-0002-2918-1824
https://orcid.org/0000-0001-8065-3252
https://orcid.org/0000-0001-8065-3252
https://orcid.org/0000-0001-8065-3252
https://orcid.org/0000-0002-8434-5692
https://orcid.org/0000-0002-8434-5692
https://orcid.org/0000-0002-8434-5692
https://orcid.org/0000-0001-5893-1797
https://orcid.org/0000-0001-5893-1797
https://orcid.org/0000-0001-5893-1797
https://orcid.org/0000-0003-0268-5122
https://orcid.org/0000-0003-0268-5122
https://orcid.org/0000-0003-0268-5122
https://orcid.org/0000-0003-0770-9007
https://orcid.org/0000-0003-0770-9007
https://orcid.org/0000-0003-0770-9007
https://orcid.org/0000-0002-0207-958X
https://orcid.org/0000-0002-0207-958X
https://orcid.org/0000-0002-0207-958X
https://orcid.org/0000-0003-2045-4803
https://orcid.org/0000-0003-2045-4803
https://orcid.org/0000-0003-2045-4803
https://orcid.org/0000-0003-2946-1313
https://orcid.org/0000-0003-2946-1313
https://orcid.org/0000-0003-2946-1313
https://orcid.org/0000-0002-1103-130X
https://orcid.org/0000-0002-1103-130X
https://orcid.org/0000-0002-1103-130X
https://orcid.org/0000-0002-6144-9122
https://orcid.org/0000-0002-6144-9122
https://orcid.org/0000-0002-6144-9122
https://orcid.org/0000-0002-1833-3749
https://orcid.org/0000-0002-1833-3749
https://orcid.org/0000-0002-1833-3749
https://orcid.org/0000-0002-8776-1835
https://orcid.org/0000-0002-8776-1835
https://orcid.org/0000-0002-8776-1835
https://orcid.org/0000-0001-6425-5692
https://orcid.org/0000-0001-6425-5692
https://orcid.org/0000-0001-6425-5692
https://orcid.org/0000-0002-9975-1829
https://orcid.org/0000-0002-9975-1829
https://orcid.org/0000-0002-9975-1829
https://orcid.org/0000-0002-4991-6576
https://orcid.org/0000-0002-4991-6576
https://orcid.org/0000-0002-4991-6576
https://orcid.org/0000-0002-6476-964X
https://orcid.org/0000-0002-6476-964X
https://orcid.org/0000-0002-6476-964X
https://orcid.org/0000-0002-2394-4720
https://orcid.org/0000-0002-2394-4720
https://orcid.org/0000-0002-2394-4720
https://orcid.org/0000-0003-1018-7246
https://orcid.org/0000-0003-1018-7246
https://orcid.org/0000-0003-1018-7246
https://orcid.org/0000-0003-4568-7005
https://orcid.org/0000-0003-4568-7005
https://orcid.org/0000-0003-4568-7005
https://orcid.org/0000-0001-8162-1105
https://orcid.org/0000-0001-8162-1105
https://orcid.org/0000-0001-8162-1105
https://orcid.org/0000-0002-4971-3672
https://orcid.org/0000-0002-4971-3672
https://orcid.org/0000-0002-4971-3672
https://orcid.org/0000-0001-9687-8237
https://orcid.org/0000-0001-9687-8237
https://orcid.org/0000-0001-9687-8237
https://orcid.org/0000-0003-1143-3883
https://orcid.org/0000-0003-1143-3883
https://orcid.org/0000-0003-1143-3883
https://orcid.org/0000-0002-2357-1012
https://orcid.org/0000-0002-2357-1012
https://orcid.org/0000-0002-2357-1012
https://orcid.org/0000-0002-2012-0080
https://orcid.org/0000-0002-2012-0080
https://orcid.org/0000-0002-2012-0080
https://orcid.org/0000-0002-7629-6499
https://orcid.org/0000-0002-7629-6499
https://orcid.org/0000-0002-7629-6499
https://orcid.org/0000-0003-4865-7696
https://orcid.org/0000-0003-4865-7696
https://orcid.org/0000-0003-4865-7696
https://orcid.org/0000-0003-2581-1742
https://orcid.org/0000-0003-2581-1742
https://orcid.org/0000-0003-2581-1742
https://orcid.org/0000-0002-8383-251X
https://orcid.org/0000-0002-8383-251X
https://orcid.org/0000-0002-8383-251X
https://orcid.org/0000-0002-1031-7760
https://orcid.org/0000-0002-1031-7760
https://orcid.org/0000-0002-1031-7760
https://orcid.org/0000-0001-8295-0648
https://orcid.org/0000-0001-8295-0648
https://orcid.org/0000-0001-8295-0648
https://orcid.org/0000-0001-6661-2278
https://orcid.org/0000-0001-6661-2278
https://orcid.org/0000-0001-6661-2278
https://orcid.org/0000-0001-5161-1168
https://orcid.org/0000-0001-5161-1168
https://orcid.org/0000-0001-5161-1168
https://orcid.org/0000-0003-1945-0119
https://orcid.org/0000-0003-1945-0119
https://orcid.org/0000-0003-1945-0119
https://orcid.org/0000-0002-9239-323X
https://orcid.org/0000-0002-9239-323X
https://orcid.org/0000-0002-9239-323X
https://orcid.org/0000-0002-0870-7778
https://orcid.org/0000-0002-0870-7778
https://orcid.org/0000-0002-0870-7778
https://orcid.org/0000-0002-6738-9351
https://orcid.org/0000-0002-6738-9351
https://orcid.org/0000-0002-6738-9351
https://orcid.org/0000-0003-4467-3621
https://orcid.org/0000-0003-4467-3621
https://orcid.org/0000-0003-4467-3621
https://orcid.org/0000-0002-7063-4418
https://orcid.org/0000-0002-7063-4418
https://orcid.org/0000-0002-7063-4418
https://orcid.org/0000-0002-7576-7869
https://orcid.org/0000-0002-7576-7869
https://orcid.org/0000-0002-7576-7869
https://orcid.org/0000-0001-6876-5577
https://orcid.org/0000-0001-6876-5577
https://orcid.org/0000-0001-6876-5577
https://orcid.org/0000-0002-8949-4275
https://orcid.org/0000-0002-8949-4275
https://orcid.org/0000-0002-8949-4275
https://orcid.org/0000-0003-3280-0582
https://orcid.org/0000-0003-3280-0582
https://orcid.org/0000-0003-3280-0582
https://orcid.org/0000-0003-1892-2356
https://orcid.org/0000-0003-1892-2356
https://orcid.org/0000-0003-1892-2356
https://orcid.org/0000-0001-8424-3621
https://orcid.org/0000-0001-8424-3621
https://orcid.org/0000-0001-8424-3621
https://orcid.org/0000-0002-0487-0076
https://orcid.org/0000-0002-0487-0076
https://orcid.org/0000-0002-0487-0076
https://orcid.org/0000-0002-3092-3506
https://orcid.org/0000-0002-3092-3506
https://orcid.org/0000-0002-3092-3506
https://orcid.org/0000-0003-2128-1414
https://orcid.org/0000-0003-2128-1414
https://orcid.org/0000-0003-2128-1414
https://orcid.org/0000-0002-4462-3686
https://orcid.org/0000-0002-4462-3686
https://orcid.org/0000-0002-4462-3686
https://orcid.org/0000-0001-7284-9220
https://orcid.org/0000-0001-7284-9220
https://orcid.org/0000-0001-7284-9220
https://orcid.org/0000-0001-9037-0272
https://orcid.org/0000-0001-9037-0272
https://orcid.org/0000-0001-9037-0272
https://orcid.org/0000-0002-9751-7633
https://orcid.org/0000-0002-9751-7633
https://orcid.org/0000-0002-9751-7633
https://orcid.org/0000-0003-4384-1638
https://orcid.org/0000-0003-4384-1638
https://orcid.org/0000-0003-4384-1638
https://orcid.org/0000-0002-5449-6131
https://orcid.org/0000-0002-5449-6131
https://orcid.org/0000-0002-5449-6131
https://orcid.org/0000-0001-9689-2194
https://orcid.org/0000-0001-9689-2194
https://orcid.org/0000-0001-9689-2194
https://orcid.org/0000-0002-9102-4854
https://orcid.org/0000-0002-9102-4854
https://orcid.org/0000-0002-9102-4854
https://orcid.org/0000-0001-9077-4058
https://orcid.org/0000-0001-9077-4058
https://orcid.org/0000-0001-9077-4058
https://orcid.org/0000-0001-7487-8287
https://orcid.org/0000-0001-7487-8287
https://orcid.org/0000-0001-7487-8287
https://orcid.org/0000-0002-3971-0910
https://orcid.org/0000-0002-3971-0910
https://orcid.org/0000-0002-3971-0910
https://orcid.org/0000-0003-3345-7800
https://orcid.org/0000-0003-3345-7800
https://orcid.org/0000-0003-3345-7800
https://orcid.org/0000-0003-0766-6473
https://orcid.org/0000-0003-0766-6473
https://orcid.org/0000-0003-0766-6473
https://orcid.org/0000-0002-6557-4924
https://orcid.org/0000-0002-6557-4924
https://orcid.org/0000-0002-6557-4924
https://orcid.org/0000-0002-0738-7581
https://orcid.org/0000-0002-0738-7581
https://orcid.org/0000-0002-0738-7581
https://orcid.org/0000-0003-3631-5648
https://orcid.org/0000-0003-3631-5648
https://orcid.org/0000-0003-3631-5648
https://orcid.org/0000-0002-9667-8654
https://orcid.org/0000-0002-9667-8654
https://orcid.org/0000-0002-9667-8654
https://orcid.org/0000-0002-3620-0173
https://orcid.org/0000-0002-3620-0173
https://orcid.org/0000-0002-3620-0173
https://orcid.org/0000-0002-8533-8232
https://orcid.org/0000-0002-8533-8232
https://orcid.org/0000-0002-8533-8232
https://orcid.org/0000-0003-4007-0145
https://orcid.org/0000-0003-4007-0145
https://orcid.org/0000-0003-4007-0145
https://orcid.org/0000-0003-0004-4110
https://orcid.org/0000-0003-0004-4110
https://orcid.org/0000-0003-0004-4110
https://orcid.org/0000-0003-1128-5008
https://orcid.org/0000-0003-1128-5008
https://orcid.org/0000-0003-1128-5008
https://orcid.org/0000-0003-0587-4324
https://orcid.org/0000-0003-0587-4324
https://orcid.org/0000-0003-0587-4324
https://orcid.org/0000-0002-7245-201X
https://orcid.org/0000-0002-7245-201X
https://orcid.org/0000-0002-7245-201X
https://orcid.org/0000-0001-9279-1775
https://orcid.org/0000-0001-9279-1775
https://orcid.org/0000-0001-9279-1775
https://orcid.org/0000-0001-6036-8569
https://orcid.org/0000-0001-6036-8569
https://orcid.org/0000-0001-6036-8569
https://orcid.org/0000-0002-3474-2243
https://orcid.org/0000-0002-3474-2243
https://orcid.org/0000-0002-3474-2243
https://orcid.org/0000-0002-9105-0518
https://orcid.org/0000-0002-9105-0518
https://orcid.org/0000-0002-9105-0518
https://orcid.org/0000-0002-9199-7031
https://orcid.org/0000-0002-9199-7031
https://orcid.org/0000-0002-9199-7031
https://orcid.org/0000-0001-5770-3805
https://orcid.org/0000-0001-5770-3805
https://orcid.org/0000-0001-5770-3805
https://orcid.org/0000-0003-3457-9308
https://orcid.org/0000-0003-3457-9308
https://orcid.org/0000-0003-3457-9308
https://orcid.org/0000-0003-3255-0077
https://orcid.org/0000-0003-3255-0077
https://orcid.org/0000-0003-3255-0077
https://orcid.org/0000-0002-4768-0256
https://orcid.org/0000-0002-4768-0256
https://orcid.org/0000-0002-4768-0256
https://orcid.org/0000-0002-4710-2165
https://orcid.org/0000-0002-4710-2165
https://orcid.org/0000-0002-4710-2165
https://orcid.org/0000-0003-4513-8241
https://orcid.org/0000-0003-4513-8241
https://orcid.org/0000-0003-4513-8241
https://orcid.org/0000-0001-8604-7077
https://orcid.org/0000-0001-8604-7077
https://orcid.org/0000-0001-8604-7077
https://orcid.org/0000-0001-6953-1385
https://orcid.org/0000-0001-6953-1385
https://orcid.org/0000-0001-6953-1385
https://orcid.org/0000-0002-3778-1432
https://orcid.org/0000-0002-3778-1432
https://orcid.org/0000-0002-3778-1432
https://orcid.org/0000-0003-1334-2993
https://orcid.org/0000-0003-1334-2993
https://orcid.org/0000-0003-1334-2993
https://orcid.org/0000-0003-0540-9967
https://orcid.org/0000-0003-0540-9967
https://orcid.org/0000-0003-0540-9967
https://orcid.org/0000-0003-2541-4499
https://orcid.org/0000-0003-2541-4499
https://orcid.org/0000-0003-2541-4499
https://orcid.org/0000-0002-9516-1581
https://orcid.org/0000-0002-9516-1581
https://orcid.org/0000-0002-9516-1581
https://orcid.org/0000-0003-0452-3805
https://orcid.org/0000-0003-0452-3805
https://orcid.org/0000-0003-0452-3805
https://orcid.org/0000-0001-9833-7637
https://orcid.org/0000-0001-9833-7637
https://orcid.org/0000-0001-9833-7637
https://orcid.org/0000-0001-6939-7825
https://orcid.org/0000-0001-6939-7825
https://orcid.org/0000-0001-6939-7825
https://orcid.org/0000-0001-8273-8495
https://orcid.org/0000-0001-8273-8495
https://orcid.org/0000-0001-8273-8495
https://orcid.org/0000-0003-4187-9560
https://orcid.org/0000-0003-4187-9560
https://orcid.org/0000-0003-4187-9560
https://orcid.org/0000-0001-5302-1866
https://orcid.org/0000-0001-5302-1866
https://orcid.org/0000-0001-5302-1866
https://orcid.org/0000-0003-1500-6571
https://orcid.org/0000-0003-1500-6571
https://orcid.org/0000-0003-1500-6571
https://orcid.org/0000-0002-1769-5617
https://orcid.org/0000-0002-1769-5617
https://orcid.org/0000-0002-1769-5617
https://orcid.org/0000-0002-1229-278X
https://orcid.org/0000-0002-1229-278X
https://orcid.org/0000-0002-1229-278X
https://orcid.org/0000-0001-8654-409X
https://orcid.org/0000-0001-8654-409X
https://orcid.org/0000-0001-8654-409X
https://orcid.org/0000-0001-6734-7699
https://orcid.org/0000-0001-6734-7699
https://orcid.org/0000-0001-6734-7699
https://orcid.org/0000-0002-7130-9270
https://orcid.org/0000-0002-7130-9270
https://orcid.org/0000-0002-7130-9270
https://orcid.org/0000-0001-5516-1205
https://orcid.org/0000-0001-5516-1205
https://orcid.org/0000-0001-5516-1205
https://orcid.org/0000-0002-2865-8563
https://orcid.org/0000-0002-2865-8563
https://orcid.org/0000-0002-2865-8563
https://orcid.org/0000-0003-0116-8836
https://orcid.org/0000-0003-0116-8836
https://orcid.org/0000-0003-0116-8836
https://orcid.org/0000-0002-4383-0368
https://orcid.org/0000-0002-4383-0368
https://orcid.org/0000-0002-4383-0368
https://orcid.org/0000-0001-9473-4758
https://orcid.org/0000-0001-9473-4758
https://orcid.org/0000-0001-9473-4758
https://orcid.org/0000-0002-8219-4667
https://orcid.org/0000-0002-8219-4667
https://orcid.org/0000-0002-8219-4667
https://orcid.org/0000-0001-7209-9204
https://orcid.org/0000-0001-7209-9204
https://orcid.org/0000-0001-7209-9204
https://orcid.org/0000-0001-9669-645X
https://orcid.org/0000-0001-9669-645X
https://orcid.org/0000-0001-9669-645X
https://orcid.org/0000-0003-1873-7855
https://orcid.org/0000-0003-1873-7855
https://orcid.org/0000-0003-1873-7855
https://orcid.org/0000-0002-2666-4812
https://orcid.org/0000-0002-2666-4812
https://orcid.org/0000-0002-2666-4812
https://orcid.org/0000-0002-4708-4219
https://orcid.org/0000-0002-4708-4219
https://orcid.org/0000-0002-4708-4219
https://orcid.org/0000-0003-2386-8067
https://orcid.org/0000-0003-2386-8067
https://orcid.org/0000-0003-2386-8067
https://orcid.org/0000-0002-9249-0515
https://orcid.org/0000-0002-9249-0515
https://orcid.org/0000-0002-9249-0515
https://orcid.org/0000-0002-7474-6062
https://orcid.org/0000-0002-7474-6062
https://orcid.org/0000-0002-7474-6062
https://orcid.org/0000-0003-4282-7463
https://orcid.org/0000-0003-4282-7463
https://orcid.org/0000-0003-4282-7463
https://orcid.org/0000-0002-6941-1073
https://orcid.org/0000-0002-6941-1073
https://orcid.org/0000-0002-6941-1073
https://orcid.org/0000-0003-4472-7204
https://orcid.org/0000-0003-4472-7204
https://orcid.org/0000-0003-4472-7204
https://orcid.org/0000-0001-5801-3945
https://orcid.org/0000-0001-5801-3945
https://orcid.org/0000-0001-5801-3945
https://orcid.org/0000-0001-6320-1801
https://orcid.org/0000-0001-6320-1801
https://orcid.org/0000-0001-6320-1801
https://orcid.org/0000-0002-2876-6433
https://orcid.org/0000-0002-2876-6433
https://orcid.org/0000-0002-2876-6433
https://orcid.org/0000-0002-0333-2452
https://orcid.org/0000-0002-0333-2452
https://orcid.org/0000-0002-0333-2452
https://orcid.org/0000-0002-4388-5625
https://orcid.org/0000-0002-4388-5625
https://orcid.org/0000-0002-4388-5625
https://orcid.org/0000-0002-6468-8292
https://orcid.org/0000-0002-6468-8292
https://orcid.org/0000-0002-6468-8292
https://orcid.org/0000-0001-9309-0700
https://orcid.org/0000-0001-9309-0700
https://orcid.org/0000-0001-9309-0700
https://orcid.org/0000-0002-5333-2004
https://orcid.org/0000-0002-5333-2004
https://orcid.org/0000-0002-5333-2004
https://orcid.org/0000-0003-2644-6441
https://orcid.org/0000-0003-2644-6441
https://orcid.org/0000-0003-2644-6441
https://doi.org/10.3847/1538-4357/ac0fe1
https://crossmark.crossref.org/dialog/?doi=10.3847/1538-4357/ac0fe1&domain=pdf&date_stamp=2021-09-29
https://crossmark.crossref.org/dialog/?doi=10.3847/1538-4357/ac0fe1&domain=pdf&date_stamp=2021-09-29


21 Hautes Energies, LPNHE, 4 Place Jussieu, F-75252 Paris, France
22 Université Bordeaux, CNRS/IN2P3, Centre d’Études Nucléaires de Bordeaux Gragnan, F-33175 Gradignan, France

23 School of Physics, University of the Witwatersrand, 1 Jan Smuts Avenue, Braamfontein, Johannesburg, 2050 South Africa
24 Université de Paris, CNRS, Astroparticule et Cosmologie, F-75013 Paris, France

25 Universität Hamburg, Institut für Experimentalphysik, Luruper Chaussee 149, D-22761 Hamburg, Germany
26 Department of Physics and Astronomy, The University of Leicester, University Road, Leicester, LE1 7RH, UK

27 Nicolaus Copernicus Astronomical Center, Polish Academy of Sciences, ul. Bartycka 18, 00-716 Warsaw, Poland
28 Institut für Physik und Astronomie, Universität Potsdam, Karl-Liebknecht-Strasse 24/25, D-14476 Potsdam, Germany

29 School of Physical Sciences, University of Adelaide, Adelaide 5005, Australia
30 Laboratoire Leprince-Ringuet, École Polytechnique, CNRS, Institut Polytechnique de Paris, F-91128 Palaiseau, France

31 Laboratoire Univers et Particules de Montpellier, Université Montpellier, CNRS/IN2P3, CC 72, Place Eugène Bataillon, F-34095 Montpellier
Cedex 5, France

32 Landessternwarte, Universität Heidelberg, Königstuhl, D-69117 Heidelberg, Germany
33 Université Bordeaux, CNRS/IN2P3, Centre d’Études Nucléaires de Bordeaux Gradignan, F-33175 Gradignan, France

34 Institut für Astro- und Teilchenphysik, Leopold-Franzens-Universität Innsbruck, A-6020 Innsbruck, Austria
35 Institute of Astronomy, Faculty of Physics, Astronomy and Informatics, Nicolaus Copernicus University, Grudziadzka 5, 87-100 Torun, Poland

36 Department of Physics, Rikkyo University, 3-34-1 Nishi-Ikebukuro, Toshima-ku, Tokyo 171-8501, Japan
37 Institut für Physik, Humboldt-Universität zu Berlin, Newtonstr. 15, D-12489 Berlin, Germany

38 Department of Physics, University of the Free State, P.O. Box 339, Bloemfontein 9300, South Africa
39 Department of Physics, The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-0033, Japan

40 Yerevan Physics Institute, 2 Alikhanian Brothers St., 375036 Yerevan, Armenia
41 IDESY, D-15738 Zeuthen, Germany

42 Kavli Institute for the Physics and Mathematics of the Universe (WPI), The University of Tokyo Institutes for Advanced Study (UTIAS), The University of Tokyo,
5-1-5 Kashiwa-no-Ha, Kashiwa, Chiba, 277-8583, Japan

43 Department of Physics, Konan University, 8-9-1 Okamoto, Higashinada, Kobe, Hyogo 658-8501, Japan
44 RIKEN, 2-1 Hirosawa, Wako-shi, Saitama 351-0198, Japan

Received 2021 June 13; accepted 2021 June 28; published 2021 September 29

Abstract

Magnetar hyperflares are the most plausible explanation for fast radio bursts (FRBs)—enigmatic powerful radio
pulses with durations of several milliseconds and high brightness temperatures. The first observational evidence for
this scenario was obtained in 2020 April when an FRB was detected from the direction of the Galactic magnetar
and soft gamma-ray repeater SGR 1935+2154. The FRB was preceded by two gamma-ray outburst alerts by the
BAT instrument aboard the Swift satellite, which triggered follow-up observations by the High Energy
Stereoscopic System (H.E.S.S.). H.E.S.S. observed SGR 1935+2154 for 2 hr on 2020 April 28. The observations
are coincident with X-ray bursts from the magnetar detected by INTEGRAL and Fermi-GBM, thus providing the
first very high energy gamma-ray observations of a magnetar in a flaring state. High-quality data acquired during
these follow-up observations allow us to perform a search for short-time transients. No significant signal at
energies E> 0.6 TeV is found, and upper limits on the persistent and transient emission are derived. We here
present the analysis of these observations and discuss the obtained results and prospects of the H.E.S.S. follow-up
program for soft gamma-ray repeaters.

Unified Astronomy Thesaurus concepts: Soft gamma-ray repeaters (1471); Radio transient sources (2008);
Gamma-rays (637); High energy astrophysics (739); Magnetars (992); Gamma-ray sources (633); Burst
astrophysics (187); Gamma-ray transient sources (1853); Gamma-ray telescopes (634); Gamma-ray astron-
omy (628)

1. Introduction

Soft gamma-ray repeaters (SGRs) and anomalous X-ray
pulsars (AXPs) are associated with highly magnetized neutron
stars or magnetars. They generate bursts of emission at
irregular time intervals. The crust of the neutron star is thought
to break owing to the intense shifts of the ultrastrong magnetic
field causing the emission of hard X-rays and gamma rays.
During these short (∼0.1 s) bursts, the brightness of these
objects can increase by a factor of 1000 or more. Within this
category, the most extreme giant flares are so intense that in the
case of the 2004 December 27 event from SGR 1806−20 they

can influence Earth’s ionosphere and magnetic field (e.g., Inan
et al. 2007).

1.1. SGRs and Nonthermal Emission

For many years it was unclear whether nonthermal emission
mechanisms are involved in these burst activities. Recently the
Large Area Telescope (LAT) aboard the Fermi satellite detected
GeV gamma-ray emission from an extragalactic magnetar in the
Sculptor galaxy group (Fermi-LAT Collaboration et al. 2021). The
location of the recorded burst is consistent with several galaxies,
including the starburst galaxy NGC 253 (the Sculptor galaxy) at
3.5Mpc distance. The unusually long delay (19 s) of the GeV
emission from the first spike and quasi-periodic oscillation seen in
the MeV signal suggest a giant magnetar flare causing gamma
emission well outside the magnetar’s light cylinder radius. At
present, the GeV radiation is attributed to optically thin synchrotron
emission, suggesting the presence of relativistic electrons.
The potential for very high energy (VHE) gamma emission

from extraordinary giant magnetar flares has been discussed,
for example, in the context of SGR 1806−20 as a possible

45 Corresponding authors.
46 Correspondence email: contact.hess@hess-experiment.eu.

Original content from this work may be used under the terms
of the Creative Commons Attribution 4.0 licence. Any further

distribution of this work must maintain attribution to the author(s) and the title
of the work, journal citation and DOI.

2

The Astrophysical Journal, 919:106 (9pp), 2021 October 1 Abdalla et al.

http://astrothesaurus.org/uat/1471
http://astrothesaurus.org/uat/2008
http://astrothesaurus.org/uat/637
http://astrothesaurus.org/uat/739
http://astrothesaurus.org/uat/992
http://astrothesaurus.org/uat/633
http://astrothesaurus.org/uat/187
http://astrothesaurus.org/uat/187
http://astrothesaurus.org/uat/1853
http://astrothesaurus.org/uat/634
http://astrothesaurus.org/uat/628
http://astrothesaurus.org/uat/628
mailto:contact.hess@hess-experiment.eu.
http://creativecommons.org/licenses/by/4.0/


hadronic accelerator (Ioka et al. 2005). In the case of accelerated
electrons, the strong magnetic field of the emission region could
induce electron−positron pair cascades that can quench any
VHE gamma-ray emission. This internal absorption of VHE
photons can be avoided if the emission region is located far away
from the surface of the magnetar. This is realized, for example, in
the trapped fireball scenario (Thompson & Duncan 2001). So far,
searches for VHE emission (variable or persistent) from the
magnetars SGR 1806−20, 4U 0142+61, and 1E 2259+5864
have not revealed any detections (Aleksić et al. 2013; H.E.S.S.
Collaboration et al. 2018).

1.2. Fast Radio Bursts and Magnetars

Fast radio bursts (FRBs) are powerful radio pulses with a
duration of several milliseconds with high brightness tempera-
tures suggesting a coherent emission mechanism (Petroff et al.
2019). It is believed that FRBs are of extragalactic origin. Over
the past few years a rapidly growing number of FRBs have been
detected in the radio band, including repeating ones (Petroff et al.
2016). Various theoretical emission and source models were put
forward since the first detection of these enigmatic bursts (Zhang
2020). Magnetars are proposed as sources of FRBs (Popov &
Postnov 2010). For example, some magnetars could produce
FRBs through strongly magnetized pulses that interact with the
material in the surrounding nebula and produce synchrotron
maser emission (e.g., Lyubarsky 2014; Metzger et al. 2019;
Beloborodov 2020). Some models suggest that repeating FRBs
are generated not far from the surface of the magnetar through
ultrarelativistic internal shocks and blast waves in the magnetar
wind associated with flares (e.g., Beloborodov 2017).

1.3. Past Observations of FRBs with Imaging Atmospheric
Cerenkov Telescopes

The High Energy Stereoscopic System (H.E.S.S.) is an array
of one 28 m and four 12 m imaging atmospheric Cerenkov
telescopes (IACTs) located in the Khomas Highland in Namibia
at an altitude of 1835m. It is capable of detecting VHE gamma
rays from energies of a few tens of GeV to 100 TeV. In the past,
H.E.S.S. targeted two FRBs, FRB 20150215 (Petroff et al. 2017)
and FRB 20150418 (H.E.S.S. Collaboration et al. 2017), with
several hours to days of delay. No significant VHE emission was
found from either observations. Simultaneous observations of
repeating and nonrepeating FRBs with IACTs and radio
telescopes did not reveal gamma-ray counterparts: VERITAS
observed FRB 20121102 and FRB 180814.J0422+73 simulta-
neously with the Green Bank Telescope, detecting 15 radio
bursts during the campaign (Holder et al. 2019). MAGIC
observed FRB 20121102 simultaneously with Arecibo, which
detected five radio bursts (Acciari et al. 2018).

1.4. SGR 1935+2154

Following its discovery in 2014 (Cummings et al. 2014),
SGR 1935+2154 has probably become the most burst-active
SGR, emitting dozens of X-ray bursts over the past few
years (Lin et al. 2020a). SGR 1935+2154 is associated with the
middle-aged galactic SNR G57.2+0.8 at a distance of about
6.6 kpc (Zhou et al. 2020). In 2020 late April and May
SGR 1935+2154 showed renewed X-ray burst activity culmi-
nating with a “forest of bursts” as detected by BAT on board
the Neil Gehrels Swift Observatory. Many other X-ray and soft
gamma-ray telescopes (Fermi-GBM, INTEGRAL, sAGILE,

HXMT, Konus–Wind, NICER) also reported sustained burst-
ing activity into late May.
This situation became considerably more interesting with

the detection of short, intense radio bursts from the direction
of SGR 1935+2154. Two millisecond-duration radio bursts
(FRB 20200428) were detected, the first burst being a double-
peaked one detected by CHIME and STARE2 (Bochenek et al.
2020; CHIME/FRB Collaboration et al. 2020) on 2020 April,
at 14:34:33 UTC, and the second burst by FAST (Zhang et al.
2020a) on April 30, at 21:43:00 UTC. The radio energy
released under the assumption of an isotropic emission of the
bursts at 6.6 kpc is about 1034–1035 erg, just below the low end
of the extragalactic FRB distribution observed so far. After
removing the radio dispersion delay, the timing of the first
radio burst appears to line up very well with one of the
bright X-ray bursts seen by AGILE (Tavani et al. 2021),
Konus–Wind (Ridnaia et al. 2021b), INTEGRAL (burst G
in Mereghetti et al. 2020), and Insight-HXMT (Insight-
HXMT 2020; Zhang et al. 2020c). This coincidence is the
first evidence that magnetars are linked to FRBs, or at least a
subset of (repeating) bursts. It is also shown that the X-ray
bursts overlapping the double-peaked CHIME radio burst have
an unusually hard spectrum, and it is suggested that these
X-rays and the radio bursts arise from a common scenario
(Ridnaia et al. 2021b). Furthermore, the nonthermal nature of
the Insight-HXMT burst (Li et al. 2021) points to the
production of multi-TeV electrons. Multi-GeV to TeV
gamma-ray emission via the inverse-Compton process may
then accompany this X-ray emission.
We here report on searches for VHE gamma-ray emission

associated with the flares of SGR 1935+2154 with H.E.S.S.
during the period of high activity on 2020 April 28. This paper
is organized as follows: Section 2 describes the H.E.S.S.
observations and provides an overview of MWL observations
of SGR 1935+2154. Section 3 presents the H.E.S.S. data
analysis and results. Section 4 discusses our findings, which are
concluded in Section 5.

2. Observation Summary

The top panel of Figure 1 gives an overview of the MWL
bursts detected from SGR 1935+2154 over the years. The
middle panel zooms in on the 2020 active period. The bottom
panel zooms in on the period around the H.E.S.S. observations.
The observations during the active period are summarized in
the following.
Gamma rays and X-rays: Figure 1 (and references therein)

shows detected bursts with AGILE, Fermi-GBM, INTEGRAL,
Konus–Wind, HXMT, NuSTAR, NICER/XTI, and Swift-BAT
from 2009 until the end of 2020. From the Konus–Wind-
detected burst clusters on 2020 April 27 (Ridnaia et al. 2020f)
we show only the most intense bursting activity that occurred
around 18:33:01 (58,965.77293MJD), with a duration of ∼23 s
and a very high fluence of 1.09× 10−4 erg cm−2.
Four Fermi-GBM bursts occurred during the H.E.S.S. follow-

up observations of the source (Lin et al. 2020b). Moreover,
INTEGRAL reported the detection of an X-ray burst at 03:47:52.2
UTC (burst A in Mereghetti et al. 2020 at 58,967.15824306MJD)
that coincides with the fourth Fermi-GBM burst during the last
data-taking run by H.E.S.S. Therefore, the H.E.S.S. observations
provide for the first time simultaneous VHE gamma-ray
observational data with X-ray bursts emanating from an SGR.
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An X-ray burst is detected by AGILE, Konus–Wind, HXMT,
and INTEGRAL (burst G in Mereghetti et al. 2020) simulta-
neously to the FRB from CHIME and STARE2 (FRB 20200428).

Radio: FRB 20200428 associated with SGR 1935+2154 is
detected by CHIME (CHIME/FRB Collaboration et al. 2020;
Scholz 2020) at 2020 April 28 14:34:33 UTC and STARE2
(Bochenek et al. 2020) at 2020 April 28 14:34:25 UTC
(∼58,967.60733MJD). Several X-ray instruments detected
coincident X-ray bursts as shown in Figure 1. Follow-up
observations by the FAST radio telescope (Pingtang, China) in
the 1.25 GHz band did not reveal radio bursts down to a fluence
of< 22 mJy ms (Lin et al. 2020c); however, a weak, highly
linearly polarized radio burst was detected on April 30

(Zhang et al. 2020a; 58,969MJD). Moreover, no radio bursts
were detected in the observation campaigns by the Arecibo,
Effelsberg, LOFAR, MeerKAT, MK2, and Northern Cross
radio telescopes (not shown in Figure 1) reported in Bailes
et al. (2021). The upper limits derived from these observations
are between 18 and 25 mJy. Two additional radio bursts
separated by ∼1.4 s on 2020 May 24 (Kirsten et al. 2020;
58,993MJD) were detected following an X-ray burst detected
by HXMT during a joint campaign between the Westerbork
(RT1), Onsala (25 m), and Toruń (30 m) radio dishes. The burst
fluences are several orders of magnitude lower than the two
bursts detected by CHIME and STARE2, with values of
112± 22 Jy ms and 24± 5 Jy ms, respectively. The four FRBs

Figure 1. SGR 1935+2154 observations with gamma-ray, X-ray, optical, and radio telescopes. This plot presents X-ray bursts from the source detected by Fermi-
GBM (Gruber et al. 2014; Kaneko et al. 2014; von Kienlin et al. 2014, 2020; Burns & Younes 2015; Bhat et al. 2016; Yu & Veres 2016; Younes 2016; Younes &
Kouveliotou 2016; Younes et al. 2016; Lin et al. 2020b), Swift-BAT (Tohuvavohu 2020), NICER/XTI, NuSTAR (Borghese et al. 2020), INTEGRAL (Mereghetti
et al. 2020), HXMT (Insight-HXMT 2020; Zhang et al. 2020b), AGILE (Ursi et al. 2020; Tavani et al. 2021), and Konus–Wind (Golenetskii et al. 2015; Frederiks
et al. 2016; Kozlova et al. 2016a, 2016b; Ridnaia et al. 2019, 2020a, 2020b, 2020c, 2020d, 2020e, 2020f, 2021b) and radio bursts from CHIME (CHIME/FRB
Collaboration et al. 2020; Scholz 2020), STARE2 (Bochenek et al. 2020), FAST (Zhang et al. 2020a), and the Westerbork (RT1), Onsala (25 m), and Toruń (30 m)
dishes (Kirsten et al. 2020). The plot also shows the H.E.S.S., FAST, BOOTES, and LCOGT observations (Lin et al. 2020c) with upper limits from all shown
instruments.
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detected from SGR 1935+2154 thus span around seven orders
of magnitude in fluence. No FRBs were detected during the
time of the H.E.S.S. data acquisition.

VHE gamma rays: The H.E.S.S. transients’ follow-up system
triggered Target of Opportunity follow-up observations on
SGR 1935+2154 after the reception of a first Swift-BAT alert,
indicating a high-intensity X-ray burst from SGR 1935+2154 at
2020 April 27 18:26:19.95 UTC (58,966.76828646MJD). A
second Swift-BAT alert arrived ∼6.5 minutes later (Barthelmy
et al. 2020). Darkness and visibility constraints only allowed
follow-up observations to commence ∼7.5 hr later. The
observations lasted 2 hr and consisted of four runs taken with
wobble offsets whereby the source is alternately offset by 0.5 deg
in opposite directions of the R.A. and decl. The positions
reported by Swift-BAT have a 3′ uncertainty and are thus fully
comprised within the H.E.S.S. field of view of 2.5 deg radius. A
summary of the observations is presented in Table 1, and we put
them in context with the MWL observations of the burst activity
of SGR 1935+2154 in Figure 1.

Optical: No optical emission has been detected by the
BOOTES-3 (New Zealand) telescopes observing contempor-
aneously to the first detected FRB, and 3σ upper limits in the Z-
band are given as >17.9 mag during this epoch (Lin et al.
2020c). No optical emission was seen by LCOGT (California,
USA), other BOOTES telescopes, or the MeerLICHT (not
shown in Figure 1) optical telescope (Bailes et al. 2021).

3. Data Analysis and Results

The H.E.S.S. results presented here use data from all
four 12 m telescopes. The quality of the obtained data
has been thoroughly verified, and standard quality selection
criteria (Aharonian et al. 2006) are applied. The data are then
analyzed using the standard cuts of the semianalytical Model
Analysis described in de Naurois & Rolland (2009). The
standard Ring background technique (Berge et al. 2007) is used
to determine the background with a radial acceptance and a
0.1 deg ON region. We obtain a total number of ON events
NON= 26 and OFF events NOFF= 270 in the source region,
with α= 0.0813 leading to an excess value of 4.0. We derive
the significance map shown in Figure 2 using the formalism
described in Li & Ma (1983) and an oversampling radius of
0.1 deg. In this map no significant signal above 5σ can be
found at the position of the SGR or elsewhere in the covered
region. We therefore conclude that no significant VHE gamma-
ray emission has been detected by H.E.S.S. during the follow-
up observations of SGR 1935+2154.

A low-energy threshold is defined as the energy where the
effective area is at least 10% of its maximum value. Influenced
by the relatively high zenith angle of the observations, a value
of Ethr= 600 GeV is found. Assuming a generic E−2.5 energy

spectrum, we compute 95% confidence level differential upper
limits shown in Figure 3 at the position of SGR 1935+2154
using a Poisson likelihood method described in Rolke et al.
(2005). Integrating above 600 GeV gives a value of Φγ(E>
600 GeV)< 1.5 · 10−12 cm−2 s−1. If we consider an E−2

spectrum, this value drops by ∼13%, and for an E−3 spectrum
it increases by ∼7%. The analysis presented in this section
has been cross-checked and validated with an independent
event calibration and reconstruction analysis (Parsons &
Hinton 2014).
In addition to the standard analysis, we perform the

Cumulative Sum, ON-OFF, and Exp- tests described in Brun
et al. (2020) to search for a variable or transient VHE signal.
For that we use the gamma-candidate events that are selected
after the cut applied by the Model Analysis. No significant
variability was detected at minute to hour timescales.
Furthermore, a search for gamma-candidate doublets arriving
within millisecond time windows from the direction of

Table 1
Summary of the H.E.S.S. Observations of SGR 1935+215

Start Time (UTC) Duration Average Zenith Angle

2020 Apr 28 01:55:00 28 minutes 55.0 deg
2020 Apr 28 02:26:55 28 minutes 51.0 deg
2020 Apr 28 02:56:08 28 minutes 48.1 deg
2020 Apr 28 03:25:24 28 minutes 46.2 deg

Note. The observations overlapped with magnetar bursts detected by
INTEGRAL and Fermi-GBM.

Figure 2. Significance map computed from the H.E.S.S. observational data
taken on SGR 1935+2154.

Figure 3. Differential 95% C.L. upper limits derived from the H.E.S.S.
observational data taken on SGR 1935+2154.

5

The Astrophysical Journal, 919:106 (9pp), 2021 October 1 Abdalla et al.



SGR 1935+2154, which could be associated with a magnetar
burst, is conducted. No such doublets are detected. This search
is extended to clusters of gamma candidates around the Fermi-
GBM and INTEGRAL bursts. As an example, Figure 4 shows
the arrival times of gamma candidates around the INTEGRAL
burst. No gamma-candidate events from the source region are
found within less than 9 s of any Fermi-GBM or INTEGRAL
burst occurring during our observations. We note that the
gamma candidates are expected background events that passed
the selection cuts from the Model Analysis and should not be
misinterpreted with gamma rays.

The H.E.S.S. sensitivity for this kind of fast transient
phenomena, i.e., assuming detection of gamma-candidate
multiplets at millisecond-scale time windows, is at the order of
∼10−9 erg cm−2 depending on the zenith angle of the observations.

4. Discussion

The H.E.S.S. observations described here present the first
VHE gamma-ray observations of a magnetar during a high-
activity phase. Our observations are coincident with four X-ray
bursts detected by two instruments (Fermi-GBM and INT-
EGRAL) and put stringent upper limits on the VHE emission
during the active phase of the magnetar.

With a spectral index of 2, the INTEGRAL burst (burst G
from Mereghetti et al. 2020) coincident with the FRB detected
by CHIME and STARE2 has a harder spectral shape than from
other bursts detected by INTEGRAL. It is also more energetic
than burst A that occurred during the H.E.S.S. observations:
FG/FA= 5.3, with FG and FA the fluence values of bursts A
and G, respectively. Assuming that burst A could be connected
to another coincidental FRB half an order of magnitude less
energetic than the detected radio burst, FRB 20200428, this
hypothetical FRB would still be within the sensitivity of radio
instruments. The fact that several X-ray bursts happened during
FAST radio observations and the lack of radio burst detection
(UL∼ 2.75× 10−19 erg cm−2) leads us to believe that these
ordinary SGR bursts (including burst A) are different from
burst G. Moreover, the HXMT burst associated with the FRB is
dominated by a power law and is therefore primarily
nonthermal in nature according to Li et al. (2021), which is
very rare for SGRs (6% of SGR bursts as per Li et al. 2021).

The lack of VHE gamma rays is consistent with expectations
from regular magnetar bursts (Kaspi & Beloborodov 2017)
when thermal emission mechanism is involved. The integral

upper limits derived from the 2 hr of H.E.S.S. observation,
assuming a spectral index of E−2.5, can be translated into upper
limits on the flux F(E> 600 GeV)< 2.4× 10−12 erg cm−2 s−1.
Assuming a distance of 6.6 kpc, we derive a luminosity upper
limit L(E> 600 GeV)< 1.3× 1034 erg s−1. This places con-
straints on persistent VHE emission from SGR 1935+2154
during the H.E.S.S. observations. The sensitivity to gamma-ray
multiplets can be transformed into sensitivity to the isotropic
energy from a VHE burst EVHE,iso(E> 600 GeV)� 5.2×
1036 erg. This sensitivity is higher than the isotropic energies
of the FRB bursts detected from the source (∼ 1034−1035 erg).
However, it can be compared to the energy released in the
X-ray domain during the coincident Fermi-GBM and INT-
EGRAL bursts (∼ 1038−1039 erg), indicating that if there were
an isotropic VHE emission related to these X-ray bursts during
the time of H.E.S.S. observations, it would have been detected.
The nondetection by H.E.S.S. may suggest that the inverse-

Compton process is suppressed in the magnetar surroundings,
making the VHE emission too weak to be detected. An
explanation for that is that the gamma-ray emission is happening
too close to the magnetar surface and pair production and photon
splitting result in significant energy losses for the VHE gamma
rays, leading to strong cutoffs in the MeV to GeV energy range.
This flux suppression could be avoided in scenarios where the
gamma rays are generated well away from the magnetar’s intense
magnetic field (Hu et al. 2019) or in scenarios involving
axions (Archer & Buckley 2021). In case of detection, the
H.E.S.S. observations could therefore also probe the particle
transport aspects (such as outflows) in the vicinity of SGR 1935
+2154 during the recent flaring episode. Further MWL
observations of flaring magnetars are needed for a robust
conclusion on the nature of the observed bursts. We cannot draw
any conclusions concerning VHE counterpart emissions from
FRBs since the H.E.S.S. data presented here are not con-
temporaneous with any radio burst and the coincident X-ray
bursts seem to be different in nature from the bursts associated
with FRB 20200428. The predicted energy released during a
VHE pulse from magnetar nebulae by Lyubarsky (2014) is
detectable at distances of roughly hundreds of Mpc. The derived
sensitivity of H.E.S.S. to TeV photons suggests that such VHE
bursts would be detectable by H.E.S.S. This motivates further
observations of magnetars and FRBs in the VHE domain.

5. Conclusions

H.E.S.S. observed SGR 1935+2154 during its period of high
activity on 2020 April 28. We gather MWL information on the
source from the time of discovery until the high-activity period
recorded in 2020. Four X-ray bursts were detected by INTEGRAL
and Fermi-GBM during the H.E.S.S observation period. The data
analysis does not show any significant detection of VHE gamma
rays from the source, and variability searches do not show
emission of gamma rays on the minute, second, and millisecond
scales. We thus use H.E.S.S. observations to derive upper limits.
SGR 1935+2154 established the link between FRBs and X-ray
bursts thanks to the coincident radio and X-ray bursts. While the
H.E.S.S. upper limits cannot be used to constrain VHE emission
from the source’s FRBs, they place for the first time constraining
upper limits on the persistent and transient VHE emission
coincident with magnetar X-ray bursts. The details of the
underlying emission mechanism are still unclear, and further
MWL observations of these objects are necessary. We note that
SGR 1935+2154 renewed its activity in the beginning of 2021

Figure 4. VHE gamma candidates detected by H.E.S.S. from SGR 1935+2154
at the time of the X-ray burst A detected by INTEGRAL (Mereghetti
et al. 2020). The vertical line designates the burst. The gamma candidates are
expected background events.
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with bursts detected by INGTERAL (Mereghetti et al. 2021),
Fermi-GBM (Roberts et al. 2021a, 2021b), CGBM (Ricciarini
et al. 2021), and Konus–Wind (Ridnaia et al. 2021a). The
H.E.S.S. program on transient phenomena includes various
triggered and untriggered campaigns and aims at providing
additional pieces to the puzzle of the origin of FRBs and the
mechanisms of magnetar flares.

The support of the Namibian authorities and of the
University of Namibia in facilitating the construction and
operation of H.E.S.S. is gratefully acknowledged, as is the
support by the German Ministry for Education and Research
(BMBF); the Max Planck Society; the German Research
Foundation (DFG); the Helmholtz Association; the Alexander
von Humboldt Foundation; the French Ministry of Higher
Education, Research and Innovation; the Centre National de la
Recherche Scientifique (CNRS/IN2P3 and CNRS/INSU); the
Commissariat a l’énergie atomique et aux énergies alternatives
(CEA); the U.K. Science and Technology Facilities Council
(STFC); the Knut and Alice Wallenberg Foundation; the
National Science Centre, Poland grant No. 2016/22/M/ST9/
00382; the South African Department of Science and
Technology and National Research Foundation; the University
of Namibia; the National Commission on Research, Science &
Technology of Namibia (NCRST); the Austrian Federal
Ministry of Education, Science and Research and the Austrian
Science Fund (FWF); the Australian Research Council (ARC);
the Japan Society for the Promotion of Science; and the
University of Amsterdam. We appreciate the excellent work of
the technical support staff in Berlin, Zeuthen, Heidelberg,
Palaiseau, Paris, Saclay, Tübingen, and Namibia in the
construction and operation of the equipment. This work
benefited from services provided by the H.E.S.S. Virtual
Organisation, supported by the national resource providers of
the EGI Federation. We thank Sergei Popov, Konstantin
Postnov, and Maxim Pshirkov for fruitful discussions on the
interpretation of the observations.

ORCID iDs

F. Aharonian https://orcid.org/0000-0003-1157-3915
C. Arcaro https://orcid.org/0000-0002-1998-9707
T. Armstrong https://orcid.org/0000-0001-5067-2620
H. Ashkar https://orcid.org/0000-0002-2153-1818
M. Backes https://orcid.org/0000-0002-9326-6400
V. Baghmanyan https://orcid.org/0000-0003-0477-1614
V. Barbosa Martins https://orcid.org/0000-0002-5085-8828
M. Barnard https://orcid.org/0000-0003-1720-7959
D. Berge https://orcid.org/0000-0002-2918-1824
K. Bernlöhr https://orcid.org/0000-0001-8065-3252
M. Böttcher https://orcid.org/0000-0002-8434-5692
C. Boisson https://orcid.org/0000-0001-5893-1797
M. Breuhaus https://orcid.org/0000-0003-0268-5122
F. Brun https://orcid.org/0000-0003-0770-9007
P. Brun https://orcid.org/0000-0002-0207-958X
T. Bulik https://orcid.org/0000-0003-2045-4803
T. Bylund https://orcid.org/0000-0003-2946-1313
S. Caroff https://orcid.org/0000-0002-1103-130X
S. Casanova https://orcid.org/0000-0002-6144-9122
T. Chand https://orcid.org/0000-0002-1833-3749
S. Chandra https://orcid.org/0000-0002-8776-1835
A. Chen https://orcid.org/0000-0001-6425-5692

G. Cotter https://orcid.org/0000-0002-9975-1829
J. Damascene Mbarubucyeye https://orcid.org/0000-0002-
4991-6576
I. D. Davids https://orcid.org/0000-0002-6476-964X
J. Davies https://orcid.org/0000-0002-2394-4720
J. Devin https://orcid.org/0000-0003-1018-7246
A. Donath https://orcid.org/0000-0003-4568-7005
V. Doroshenko https://orcid.org/0000-0001-8162-1105
L. Dreyer https://orcid.org/0000-0002-4971-3672
S. Einecke https://orcid.org/0000-0001-9687-8237
G. Fichet de Clairfontaine https://orcid.org/0000-0003-
1143-3883
G. Fontaine https://orcid.org/0000-0002-2357-1012
S. Funk https://orcid.org/0000-0002-2012-0080
G. Giavitto https://orcid.org/0000-0002-7629-6499
D. Glawion https://orcid.org/0000-0003-4865-7696
J. F. Glicenstein https://orcid.org/0000-0003-2581-1742
M.-H. Grondin https://orcid.org/0000-0002-8383-251X
J. A. Hinton https://orcid.org/0000-0002-1031-7760
W. Hofmann https://orcid.org/0000-0001-8295-0648
C. Hoischen https://orcid.org/0000-0001-6661-2278
T. L. Holch https://orcid.org/0000-0001-5161-1168
D. Horns https://orcid.org/0000-0003-1945-0119
Z. Huang https://orcid.org/0000-0002-9239-323X
M. Jamrozy https://orcid.org/0000-0002-0870-7778
A. Jardin-Blicq https://orcid.org/0000-0002-6738-9351
V. Joshi https://orcid.org/0000-0003-4467-3621
U. Katz https://orcid.org/0000-0002-7063-4418
D. Khangulyan https://orcid.org/0000-0002-7576-7869
B. Khélifi https://orcid.org/0000-0001-6876-5577
S. Klepser https://orcid.org/0000-0002-8949-4275
Nu. Komin https://orcid.org/0000-0003-3280-0582
R. Konno https://orcid.org/0000-0003-1892-2356
K. Kosack https://orcid.org/0000-0001-8424-3621
D. Kostunin https://orcid.org/0000-0002-0487-0076
M. Kreter https://orcid.org/0000-0002-3092-3506
A. Kundu https://orcid.org/0000-0003-2128-1414
M. Lemoine-Goumard https://orcid.org/0000-0002-
4462-3686
J.-P. Lenain https://orcid.org/0000-0001-7284-9220
S. Le Stum https://orcid.org/0000-0001-9037-0272
T. Lohse https://orcid.org/0000-0002-9751-7633
A. Luashvili https://orcid.org/0000-0003-4384-1638
J. Mackey https://orcid.org/0000-0002-5449-6131
D. Malyshev https://orcid.org/0000-0001-9689-2194
D. Malyshev https://orcid.org/0000-0002-9102-4854
V. Marandon https://orcid.org/0000-0001-9077-4058
P. Marchegiani https://orcid.org/0000-0001-7487-8287
A. Marcowith https://orcid.org/0000-0002-3971-0910
A. Mares https://orcid.org/0000-0003-3345-7800
G. Martí-Devesa https://orcid.org/0000-0003-0766-6473
R. Marx https://orcid.org/0000-0002-6557-4924
M. Meyer https://orcid.org/0000-0002-0738-7581
A. Mitchell https://orcid.org/0000-0003-3631-5648
L. Mohrmann https://orcid.org/0000-0002-9667-8654
A. Montanari https://orcid.org/0000-0002-3620-0173
P. Morris https://orcid.org/0000-0002-8533-8232
E. Moulin https://orcid.org/0000-0003-4007-0145
J. Muller https://orcid.org/0000-0003-0004-4110
T. Murach https://orcid.org/0000-0003-1128-5008
A. Nayerhoda https://orcid.org/0000-0003-0587-4324
M. de Naurois https://orcid.org/0000-0002-7245-201X

7

The Astrophysical Journal, 919:106 (9pp), 2021 October 1 Abdalla et al.

https://orcid.org/0000-0003-1157-3915
https://orcid.org/0000-0003-1157-3915
https://orcid.org/0000-0003-1157-3915
https://orcid.org/0000-0003-1157-3915
https://orcid.org/0000-0003-1157-3915
https://orcid.org/0000-0003-1157-3915
https://orcid.org/0000-0003-1157-3915
https://orcid.org/0000-0003-1157-3915
https://orcid.org/0000-0002-1998-9707
https://orcid.org/0000-0002-1998-9707
https://orcid.org/0000-0002-1998-9707
https://orcid.org/0000-0002-1998-9707
https://orcid.org/0000-0002-1998-9707
https://orcid.org/0000-0002-1998-9707
https://orcid.org/0000-0002-1998-9707
https://orcid.org/0000-0002-1998-9707
https://orcid.org/0000-0001-5067-2620
https://orcid.org/0000-0001-5067-2620
https://orcid.org/0000-0001-5067-2620
https://orcid.org/0000-0001-5067-2620
https://orcid.org/0000-0001-5067-2620
https://orcid.org/0000-0001-5067-2620
https://orcid.org/0000-0001-5067-2620
https://orcid.org/0000-0001-5067-2620
https://orcid.org/0000-0002-2153-1818
https://orcid.org/0000-0002-2153-1818
https://orcid.org/0000-0002-2153-1818
https://orcid.org/0000-0002-2153-1818
https://orcid.org/0000-0002-2153-1818
https://orcid.org/0000-0002-2153-1818
https://orcid.org/0000-0002-2153-1818
https://orcid.org/0000-0002-2153-1818
https://orcid.org/0000-0002-9326-6400
https://orcid.org/0000-0002-9326-6400
https://orcid.org/0000-0002-9326-6400
https://orcid.org/0000-0002-9326-6400
https://orcid.org/0000-0002-9326-6400
https://orcid.org/0000-0002-9326-6400
https://orcid.org/0000-0002-9326-6400
https://orcid.org/0000-0002-9326-6400
https://orcid.org/0000-0003-0477-1614
https://orcid.org/0000-0003-0477-1614
https://orcid.org/0000-0003-0477-1614
https://orcid.org/0000-0003-0477-1614
https://orcid.org/0000-0003-0477-1614
https://orcid.org/0000-0003-0477-1614
https://orcid.org/0000-0003-0477-1614
https://orcid.org/0000-0003-0477-1614
https://orcid.org/0000-0002-5085-8828
https://orcid.org/0000-0002-5085-8828
https://orcid.org/0000-0002-5085-8828
https://orcid.org/0000-0002-5085-8828
https://orcid.org/0000-0002-5085-8828
https://orcid.org/0000-0002-5085-8828
https://orcid.org/0000-0002-5085-8828
https://orcid.org/0000-0002-5085-8828
https://orcid.org/0000-0003-1720-7959
https://orcid.org/0000-0003-1720-7959
https://orcid.org/0000-0003-1720-7959
https://orcid.org/0000-0003-1720-7959
https://orcid.org/0000-0003-1720-7959
https://orcid.org/0000-0003-1720-7959
https://orcid.org/0000-0003-1720-7959
https://orcid.org/0000-0003-1720-7959
https://orcid.org/0000-0002-2918-1824
https://orcid.org/0000-0002-2918-1824
https://orcid.org/0000-0002-2918-1824
https://orcid.org/0000-0002-2918-1824
https://orcid.org/0000-0002-2918-1824
https://orcid.org/0000-0002-2918-1824
https://orcid.org/0000-0002-2918-1824
https://orcid.org/0000-0002-2918-1824
https://orcid.org/0000-0001-8065-3252
https://orcid.org/0000-0001-8065-3252
https://orcid.org/0000-0001-8065-3252
https://orcid.org/0000-0001-8065-3252
https://orcid.org/0000-0001-8065-3252
https://orcid.org/0000-0001-8065-3252
https://orcid.org/0000-0001-8065-3252
https://orcid.org/0000-0001-8065-3252
https://orcid.org/0000-0002-8434-5692
https://orcid.org/0000-0002-8434-5692
https://orcid.org/0000-0002-8434-5692
https://orcid.org/0000-0002-8434-5692
https://orcid.org/0000-0002-8434-5692
https://orcid.org/0000-0002-8434-5692
https://orcid.org/0000-0002-8434-5692
https://orcid.org/0000-0002-8434-5692
https://orcid.org/0000-0001-5893-1797
https://orcid.org/0000-0001-5893-1797
https://orcid.org/0000-0001-5893-1797
https://orcid.org/0000-0001-5893-1797
https://orcid.org/0000-0001-5893-1797
https://orcid.org/0000-0001-5893-1797
https://orcid.org/0000-0001-5893-1797
https://orcid.org/0000-0001-5893-1797
https://orcid.org/0000-0003-0268-5122
https://orcid.org/0000-0003-0268-5122
https://orcid.org/0000-0003-0268-5122
https://orcid.org/0000-0003-0268-5122
https://orcid.org/0000-0003-0268-5122
https://orcid.org/0000-0003-0268-5122
https://orcid.org/0000-0003-0268-5122
https://orcid.org/0000-0003-0268-5122
https://orcid.org/0000-0003-0770-9007
https://orcid.org/0000-0003-0770-9007
https://orcid.org/0000-0003-0770-9007
https://orcid.org/0000-0003-0770-9007
https://orcid.org/0000-0003-0770-9007
https://orcid.org/0000-0003-0770-9007
https://orcid.org/0000-0003-0770-9007
https://orcid.org/0000-0003-0770-9007
https://orcid.org/0000-0002-0207-958X
https://orcid.org/0000-0002-0207-958X
https://orcid.org/0000-0002-0207-958X
https://orcid.org/0000-0002-0207-958X
https://orcid.org/0000-0002-0207-958X
https://orcid.org/0000-0002-0207-958X
https://orcid.org/0000-0002-0207-958X
https://orcid.org/0000-0002-0207-958X
https://orcid.org/0000-0003-2045-4803
https://orcid.org/0000-0003-2045-4803
https://orcid.org/0000-0003-2045-4803
https://orcid.org/0000-0003-2045-4803
https://orcid.org/0000-0003-2045-4803
https://orcid.org/0000-0003-2045-4803
https://orcid.org/0000-0003-2045-4803
https://orcid.org/0000-0003-2045-4803
https://orcid.org/0000-0003-2946-1313
https://orcid.org/0000-0003-2946-1313
https://orcid.org/0000-0003-2946-1313
https://orcid.org/0000-0003-2946-1313
https://orcid.org/0000-0003-2946-1313
https://orcid.org/0000-0003-2946-1313
https://orcid.org/0000-0003-2946-1313
https://orcid.org/0000-0003-2946-1313
https://orcid.org/0000-0002-1103-130X
https://orcid.org/0000-0002-1103-130X
https://orcid.org/0000-0002-1103-130X
https://orcid.org/0000-0002-1103-130X
https://orcid.org/0000-0002-1103-130X
https://orcid.org/0000-0002-1103-130X
https://orcid.org/0000-0002-1103-130X
https://orcid.org/0000-0002-1103-130X
https://orcid.org/0000-0002-6144-9122
https://orcid.org/0000-0002-6144-9122
https://orcid.org/0000-0002-6144-9122
https://orcid.org/0000-0002-6144-9122
https://orcid.org/0000-0002-6144-9122
https://orcid.org/0000-0002-6144-9122
https://orcid.org/0000-0002-6144-9122
https://orcid.org/0000-0002-6144-9122
https://orcid.org/0000-0002-1833-3749
https://orcid.org/0000-0002-1833-3749
https://orcid.org/0000-0002-1833-3749
https://orcid.org/0000-0002-1833-3749
https://orcid.org/0000-0002-1833-3749
https://orcid.org/0000-0002-1833-3749
https://orcid.org/0000-0002-1833-3749
https://orcid.org/0000-0002-1833-3749
https://orcid.org/0000-0002-8776-1835
https://orcid.org/0000-0002-8776-1835
https://orcid.org/0000-0002-8776-1835
https://orcid.org/0000-0002-8776-1835
https://orcid.org/0000-0002-8776-1835
https://orcid.org/0000-0002-8776-1835
https://orcid.org/0000-0002-8776-1835
https://orcid.org/0000-0002-8776-1835
https://orcid.org/0000-0001-6425-5692
https://orcid.org/0000-0001-6425-5692
https://orcid.org/0000-0001-6425-5692
https://orcid.org/0000-0001-6425-5692
https://orcid.org/0000-0001-6425-5692
https://orcid.org/0000-0001-6425-5692
https://orcid.org/0000-0001-6425-5692
https://orcid.org/0000-0001-6425-5692
https://orcid.org/0000-0002-9975-1829
https://orcid.org/0000-0002-9975-1829
https://orcid.org/0000-0002-9975-1829
https://orcid.org/0000-0002-9975-1829
https://orcid.org/0000-0002-9975-1829
https://orcid.org/0000-0002-9975-1829
https://orcid.org/0000-0002-9975-1829
https://orcid.org/0000-0002-9975-1829
https://orcid.org/0000-0002-4991-6576
https://orcid.org/0000-0002-4991-6576
https://orcid.org/0000-0002-4991-6576
https://orcid.org/0000-0002-4991-6576
https://orcid.org/0000-0002-4991-6576
https://orcid.org/0000-0002-4991-6576
https://orcid.org/0000-0002-4991-6576
https://orcid.org/0000-0002-4991-6576
https://orcid.org/0000-0002-4991-6576
https://orcid.org/0000-0002-6476-964X
https://orcid.org/0000-0002-6476-964X
https://orcid.org/0000-0002-6476-964X
https://orcid.org/0000-0002-6476-964X
https://orcid.org/0000-0002-6476-964X
https://orcid.org/0000-0002-6476-964X
https://orcid.org/0000-0002-6476-964X
https://orcid.org/0000-0002-6476-964X
https://orcid.org/0000-0002-2394-4720
https://orcid.org/0000-0002-2394-4720
https://orcid.org/0000-0002-2394-4720
https://orcid.org/0000-0002-2394-4720
https://orcid.org/0000-0002-2394-4720
https://orcid.org/0000-0002-2394-4720
https://orcid.org/0000-0002-2394-4720
https://orcid.org/0000-0002-2394-4720
https://orcid.org/0000-0003-1018-7246
https://orcid.org/0000-0003-1018-7246
https://orcid.org/0000-0003-1018-7246
https://orcid.org/0000-0003-1018-7246
https://orcid.org/0000-0003-1018-7246
https://orcid.org/0000-0003-1018-7246
https://orcid.org/0000-0003-1018-7246
https://orcid.org/0000-0003-1018-7246
https://orcid.org/0000-0003-4568-7005
https://orcid.org/0000-0003-4568-7005
https://orcid.org/0000-0003-4568-7005
https://orcid.org/0000-0003-4568-7005
https://orcid.org/0000-0003-4568-7005
https://orcid.org/0000-0003-4568-7005
https://orcid.org/0000-0003-4568-7005
https://orcid.org/0000-0003-4568-7005
https://orcid.org/0000-0001-8162-1105
https://orcid.org/0000-0001-8162-1105
https://orcid.org/0000-0001-8162-1105
https://orcid.org/0000-0001-8162-1105
https://orcid.org/0000-0001-8162-1105
https://orcid.org/0000-0001-8162-1105
https://orcid.org/0000-0001-8162-1105
https://orcid.org/0000-0001-8162-1105
https://orcid.org/0000-0002-4971-3672
https://orcid.org/0000-0002-4971-3672
https://orcid.org/0000-0002-4971-3672
https://orcid.org/0000-0002-4971-3672
https://orcid.org/0000-0002-4971-3672
https://orcid.org/0000-0002-4971-3672
https://orcid.org/0000-0002-4971-3672
https://orcid.org/0000-0002-4971-3672
https://orcid.org/0000-0001-9687-8237
https://orcid.org/0000-0001-9687-8237
https://orcid.org/0000-0001-9687-8237
https://orcid.org/0000-0001-9687-8237
https://orcid.org/0000-0001-9687-8237
https://orcid.org/0000-0001-9687-8237
https://orcid.org/0000-0001-9687-8237
https://orcid.org/0000-0001-9687-8237
https://orcid.org/0000-0003-1143-3883
https://orcid.org/0000-0003-1143-3883
https://orcid.org/0000-0003-1143-3883
https://orcid.org/0000-0003-1143-3883
https://orcid.org/0000-0003-1143-3883
https://orcid.org/0000-0003-1143-3883
https://orcid.org/0000-0003-1143-3883
https://orcid.org/0000-0003-1143-3883
https://orcid.org/0000-0003-1143-3883
https://orcid.org/0000-0002-2357-1012
https://orcid.org/0000-0002-2357-1012
https://orcid.org/0000-0002-2357-1012
https://orcid.org/0000-0002-2357-1012
https://orcid.org/0000-0002-2357-1012
https://orcid.org/0000-0002-2357-1012
https://orcid.org/0000-0002-2357-1012
https://orcid.org/0000-0002-2357-1012
https://orcid.org/0000-0002-2012-0080
https://orcid.org/0000-0002-2012-0080
https://orcid.org/0000-0002-2012-0080
https://orcid.org/0000-0002-2012-0080
https://orcid.org/0000-0002-2012-0080
https://orcid.org/0000-0002-2012-0080
https://orcid.org/0000-0002-2012-0080
https://orcid.org/0000-0002-2012-0080
https://orcid.org/0000-0002-7629-6499
https://orcid.org/0000-0002-7629-6499
https://orcid.org/0000-0002-7629-6499
https://orcid.org/0000-0002-7629-6499
https://orcid.org/0000-0002-7629-6499
https://orcid.org/0000-0002-7629-6499
https://orcid.org/0000-0002-7629-6499
https://orcid.org/0000-0002-7629-6499
https://orcid.org/0000-0003-4865-7696
https://orcid.org/0000-0003-4865-7696
https://orcid.org/0000-0003-4865-7696
https://orcid.org/0000-0003-4865-7696
https://orcid.org/0000-0003-4865-7696
https://orcid.org/0000-0003-4865-7696
https://orcid.org/0000-0003-4865-7696
https://orcid.org/0000-0003-4865-7696
https://orcid.org/0000-0003-2581-1742
https://orcid.org/0000-0003-2581-1742
https://orcid.org/0000-0003-2581-1742
https://orcid.org/0000-0003-2581-1742
https://orcid.org/0000-0003-2581-1742
https://orcid.org/0000-0003-2581-1742
https://orcid.org/0000-0003-2581-1742
https://orcid.org/0000-0003-2581-1742
https://orcid.org/0000-0002-8383-251X
https://orcid.org/0000-0002-8383-251X
https://orcid.org/0000-0002-8383-251X
https://orcid.org/0000-0002-8383-251X
https://orcid.org/0000-0002-8383-251X
https://orcid.org/0000-0002-8383-251X
https://orcid.org/0000-0002-8383-251X
https://orcid.org/0000-0002-8383-251X
https://orcid.org/0000-0002-1031-7760
https://orcid.org/0000-0002-1031-7760
https://orcid.org/0000-0002-1031-7760
https://orcid.org/0000-0002-1031-7760
https://orcid.org/0000-0002-1031-7760
https://orcid.org/0000-0002-1031-7760
https://orcid.org/0000-0002-1031-7760
https://orcid.org/0000-0002-1031-7760
https://orcid.org/0000-0001-8295-0648
https://orcid.org/0000-0001-8295-0648
https://orcid.org/0000-0001-8295-0648
https://orcid.org/0000-0001-8295-0648
https://orcid.org/0000-0001-8295-0648
https://orcid.org/0000-0001-8295-0648
https://orcid.org/0000-0001-8295-0648
https://orcid.org/0000-0001-8295-0648
https://orcid.org/0000-0001-6661-2278
https://orcid.org/0000-0001-6661-2278
https://orcid.org/0000-0001-6661-2278
https://orcid.org/0000-0001-6661-2278
https://orcid.org/0000-0001-6661-2278
https://orcid.org/0000-0001-6661-2278
https://orcid.org/0000-0001-6661-2278
https://orcid.org/0000-0001-6661-2278
https://orcid.org/0000-0001-5161-1168
https://orcid.org/0000-0001-5161-1168
https://orcid.org/0000-0001-5161-1168
https://orcid.org/0000-0001-5161-1168
https://orcid.org/0000-0001-5161-1168
https://orcid.org/0000-0001-5161-1168
https://orcid.org/0000-0001-5161-1168
https://orcid.org/0000-0001-5161-1168
https://orcid.org/0000-0003-1945-0119
https://orcid.org/0000-0003-1945-0119
https://orcid.org/0000-0003-1945-0119
https://orcid.org/0000-0003-1945-0119
https://orcid.org/0000-0003-1945-0119
https://orcid.org/0000-0003-1945-0119
https://orcid.org/0000-0003-1945-0119
https://orcid.org/0000-0003-1945-0119
https://orcid.org/0000-0002-9239-323X
https://orcid.org/0000-0002-9239-323X
https://orcid.org/0000-0002-9239-323X
https://orcid.org/0000-0002-9239-323X
https://orcid.org/0000-0002-9239-323X
https://orcid.org/0000-0002-9239-323X
https://orcid.org/0000-0002-9239-323X
https://orcid.org/0000-0002-9239-323X
https://orcid.org/0000-0002-0870-7778
https://orcid.org/0000-0002-0870-7778
https://orcid.org/0000-0002-0870-7778
https://orcid.org/0000-0002-0870-7778
https://orcid.org/0000-0002-0870-7778
https://orcid.org/0000-0002-0870-7778
https://orcid.org/0000-0002-0870-7778
https://orcid.org/0000-0002-0870-7778
https://orcid.org/0000-0002-6738-9351
https://orcid.org/0000-0002-6738-9351
https://orcid.org/0000-0002-6738-9351
https://orcid.org/0000-0002-6738-9351
https://orcid.org/0000-0002-6738-9351
https://orcid.org/0000-0002-6738-9351
https://orcid.org/0000-0002-6738-9351
https://orcid.org/0000-0002-6738-9351
https://orcid.org/0000-0003-4467-3621
https://orcid.org/0000-0003-4467-3621
https://orcid.org/0000-0003-4467-3621
https://orcid.org/0000-0003-4467-3621
https://orcid.org/0000-0003-4467-3621
https://orcid.org/0000-0003-4467-3621
https://orcid.org/0000-0003-4467-3621
https://orcid.org/0000-0003-4467-3621
https://orcid.org/0000-0002-7063-4418
https://orcid.org/0000-0002-7063-4418
https://orcid.org/0000-0002-7063-4418
https://orcid.org/0000-0002-7063-4418
https://orcid.org/0000-0002-7063-4418
https://orcid.org/0000-0002-7063-4418
https://orcid.org/0000-0002-7063-4418
https://orcid.org/0000-0002-7063-4418
https://orcid.org/0000-0002-7576-7869
https://orcid.org/0000-0002-7576-7869
https://orcid.org/0000-0002-7576-7869
https://orcid.org/0000-0002-7576-7869
https://orcid.org/0000-0002-7576-7869
https://orcid.org/0000-0002-7576-7869
https://orcid.org/0000-0002-7576-7869
https://orcid.org/0000-0002-7576-7869
https://orcid.org/0000-0001-6876-5577
https://orcid.org/0000-0001-6876-5577
https://orcid.org/0000-0001-6876-5577
https://orcid.org/0000-0001-6876-5577
https://orcid.org/0000-0001-6876-5577
https://orcid.org/0000-0001-6876-5577
https://orcid.org/0000-0001-6876-5577
https://orcid.org/0000-0001-6876-5577
https://orcid.org/0000-0002-8949-4275
https://orcid.org/0000-0002-8949-4275
https://orcid.org/0000-0002-8949-4275
https://orcid.org/0000-0002-8949-4275
https://orcid.org/0000-0002-8949-4275
https://orcid.org/0000-0002-8949-4275
https://orcid.org/0000-0002-8949-4275
https://orcid.org/0000-0002-8949-4275
https://orcid.org/0000-0003-3280-0582
https://orcid.org/0000-0003-3280-0582
https://orcid.org/0000-0003-3280-0582
https://orcid.org/0000-0003-3280-0582
https://orcid.org/0000-0003-3280-0582
https://orcid.org/0000-0003-3280-0582
https://orcid.org/0000-0003-3280-0582
https://orcid.org/0000-0003-3280-0582
https://orcid.org/0000-0003-1892-2356
https://orcid.org/0000-0003-1892-2356
https://orcid.org/0000-0003-1892-2356
https://orcid.org/0000-0003-1892-2356
https://orcid.org/0000-0003-1892-2356
https://orcid.org/0000-0003-1892-2356
https://orcid.org/0000-0003-1892-2356
https://orcid.org/0000-0003-1892-2356
https://orcid.org/0000-0001-8424-3621
https://orcid.org/0000-0001-8424-3621
https://orcid.org/0000-0001-8424-3621
https://orcid.org/0000-0001-8424-3621
https://orcid.org/0000-0001-8424-3621
https://orcid.org/0000-0001-8424-3621
https://orcid.org/0000-0001-8424-3621
https://orcid.org/0000-0001-8424-3621
https://orcid.org/0000-0002-0487-0076
https://orcid.org/0000-0002-0487-0076
https://orcid.org/0000-0002-0487-0076
https://orcid.org/0000-0002-0487-0076
https://orcid.org/0000-0002-0487-0076
https://orcid.org/0000-0002-0487-0076
https://orcid.org/0000-0002-0487-0076
https://orcid.org/0000-0002-0487-0076
https://orcid.org/0000-0002-3092-3506
https://orcid.org/0000-0002-3092-3506
https://orcid.org/0000-0002-3092-3506
https://orcid.org/0000-0002-3092-3506
https://orcid.org/0000-0002-3092-3506
https://orcid.org/0000-0002-3092-3506
https://orcid.org/0000-0002-3092-3506
https://orcid.org/0000-0002-3092-3506
https://orcid.org/0000-0003-2128-1414
https://orcid.org/0000-0003-2128-1414
https://orcid.org/0000-0003-2128-1414
https://orcid.org/0000-0003-2128-1414
https://orcid.org/0000-0003-2128-1414
https://orcid.org/0000-0003-2128-1414
https://orcid.org/0000-0003-2128-1414
https://orcid.org/0000-0003-2128-1414
https://orcid.org/0000-0002-4462-3686
https://orcid.org/0000-0002-4462-3686
https://orcid.org/0000-0002-4462-3686
https://orcid.org/0000-0002-4462-3686
https://orcid.org/0000-0002-4462-3686
https://orcid.org/0000-0002-4462-3686
https://orcid.org/0000-0002-4462-3686
https://orcid.org/0000-0002-4462-3686
https://orcid.org/0000-0002-4462-3686
https://orcid.org/0000-0001-7284-9220
https://orcid.org/0000-0001-7284-9220
https://orcid.org/0000-0001-7284-9220
https://orcid.org/0000-0001-7284-9220
https://orcid.org/0000-0001-7284-9220
https://orcid.org/0000-0001-7284-9220
https://orcid.org/0000-0001-7284-9220
https://orcid.org/0000-0001-7284-9220
https://orcid.org/0000-0001-9037-0272
https://orcid.org/0000-0001-9037-0272
https://orcid.org/0000-0001-9037-0272
https://orcid.org/0000-0001-9037-0272
https://orcid.org/0000-0001-9037-0272
https://orcid.org/0000-0001-9037-0272
https://orcid.org/0000-0001-9037-0272
https://orcid.org/0000-0001-9037-0272
https://orcid.org/0000-0002-9751-7633
https://orcid.org/0000-0002-9751-7633
https://orcid.org/0000-0002-9751-7633
https://orcid.org/0000-0002-9751-7633
https://orcid.org/0000-0002-9751-7633
https://orcid.org/0000-0002-9751-7633
https://orcid.org/0000-0002-9751-7633
https://orcid.org/0000-0002-9751-7633
https://orcid.org/0000-0003-4384-1638
https://orcid.org/0000-0003-4384-1638
https://orcid.org/0000-0003-4384-1638
https://orcid.org/0000-0003-4384-1638
https://orcid.org/0000-0003-4384-1638
https://orcid.org/0000-0003-4384-1638
https://orcid.org/0000-0003-4384-1638
https://orcid.org/0000-0003-4384-1638
https://orcid.org/0000-0002-5449-6131
https://orcid.org/0000-0002-5449-6131
https://orcid.org/0000-0002-5449-6131
https://orcid.org/0000-0002-5449-6131
https://orcid.org/0000-0002-5449-6131
https://orcid.org/0000-0002-5449-6131
https://orcid.org/0000-0002-5449-6131
https://orcid.org/0000-0002-5449-6131
https://orcid.org/0000-0001-9689-2194
https://orcid.org/0000-0001-9689-2194
https://orcid.org/0000-0001-9689-2194
https://orcid.org/0000-0001-9689-2194
https://orcid.org/0000-0001-9689-2194
https://orcid.org/0000-0001-9689-2194
https://orcid.org/0000-0001-9689-2194
https://orcid.org/0000-0001-9689-2194
https://orcid.org/0000-0002-9102-4854
https://orcid.org/0000-0002-9102-4854
https://orcid.org/0000-0002-9102-4854
https://orcid.org/0000-0002-9102-4854
https://orcid.org/0000-0002-9102-4854
https://orcid.org/0000-0002-9102-4854
https://orcid.org/0000-0002-9102-4854
https://orcid.org/0000-0002-9102-4854
https://orcid.org/0000-0001-9077-4058
https://orcid.org/0000-0001-9077-4058
https://orcid.org/0000-0001-9077-4058
https://orcid.org/0000-0001-9077-4058
https://orcid.org/0000-0001-9077-4058
https://orcid.org/0000-0001-9077-4058
https://orcid.org/0000-0001-9077-4058
https://orcid.org/0000-0001-9077-4058
https://orcid.org/0000-0001-7487-8287
https://orcid.org/0000-0001-7487-8287
https://orcid.org/0000-0001-7487-8287
https://orcid.org/0000-0001-7487-8287
https://orcid.org/0000-0001-7487-8287
https://orcid.org/0000-0001-7487-8287
https://orcid.org/0000-0001-7487-8287
https://orcid.org/0000-0001-7487-8287
https://orcid.org/0000-0002-3971-0910
https://orcid.org/0000-0002-3971-0910
https://orcid.org/0000-0002-3971-0910
https://orcid.org/0000-0002-3971-0910
https://orcid.org/0000-0002-3971-0910
https://orcid.org/0000-0002-3971-0910
https://orcid.org/0000-0002-3971-0910
https://orcid.org/0000-0002-3971-0910
https://orcid.org/0000-0003-3345-7800
https://orcid.org/0000-0003-3345-7800
https://orcid.org/0000-0003-3345-7800
https://orcid.org/0000-0003-3345-7800
https://orcid.org/0000-0003-3345-7800
https://orcid.org/0000-0003-3345-7800
https://orcid.org/0000-0003-3345-7800
https://orcid.org/0000-0003-3345-7800
https://orcid.org/0000-0003-0766-6473
https://orcid.org/0000-0003-0766-6473
https://orcid.org/0000-0003-0766-6473
https://orcid.org/0000-0003-0766-6473
https://orcid.org/0000-0003-0766-6473
https://orcid.org/0000-0003-0766-6473
https://orcid.org/0000-0003-0766-6473
https://orcid.org/0000-0003-0766-6473
https://orcid.org/0000-0002-6557-4924
https://orcid.org/0000-0002-6557-4924
https://orcid.org/0000-0002-6557-4924
https://orcid.org/0000-0002-6557-4924
https://orcid.org/0000-0002-6557-4924
https://orcid.org/0000-0002-6557-4924
https://orcid.org/0000-0002-6557-4924
https://orcid.org/0000-0002-6557-4924
https://orcid.org/0000-0002-0738-7581
https://orcid.org/0000-0002-0738-7581
https://orcid.org/0000-0002-0738-7581
https://orcid.org/0000-0002-0738-7581
https://orcid.org/0000-0002-0738-7581
https://orcid.org/0000-0002-0738-7581
https://orcid.org/0000-0002-0738-7581
https://orcid.org/0000-0002-0738-7581
https://orcid.org/0000-0003-3631-5648
https://orcid.org/0000-0003-3631-5648
https://orcid.org/0000-0003-3631-5648
https://orcid.org/0000-0003-3631-5648
https://orcid.org/0000-0003-3631-5648
https://orcid.org/0000-0003-3631-5648
https://orcid.org/0000-0003-3631-5648
https://orcid.org/0000-0003-3631-5648
https://orcid.org/0000-0002-9667-8654
https://orcid.org/0000-0002-9667-8654
https://orcid.org/0000-0002-9667-8654
https://orcid.org/0000-0002-9667-8654
https://orcid.org/0000-0002-9667-8654
https://orcid.org/0000-0002-9667-8654
https://orcid.org/0000-0002-9667-8654
https://orcid.org/0000-0002-9667-8654
https://orcid.org/0000-0002-3620-0173
https://orcid.org/0000-0002-3620-0173
https://orcid.org/0000-0002-3620-0173
https://orcid.org/0000-0002-3620-0173
https://orcid.org/0000-0002-3620-0173
https://orcid.org/0000-0002-3620-0173
https://orcid.org/0000-0002-3620-0173
https://orcid.org/0000-0002-3620-0173
https://orcid.org/0000-0002-8533-8232
https://orcid.org/0000-0002-8533-8232
https://orcid.org/0000-0002-8533-8232
https://orcid.org/0000-0002-8533-8232
https://orcid.org/0000-0002-8533-8232
https://orcid.org/0000-0002-8533-8232
https://orcid.org/0000-0002-8533-8232
https://orcid.org/0000-0002-8533-8232
https://orcid.org/0000-0003-4007-0145
https://orcid.org/0000-0003-4007-0145
https://orcid.org/0000-0003-4007-0145
https://orcid.org/0000-0003-4007-0145
https://orcid.org/0000-0003-4007-0145
https://orcid.org/0000-0003-4007-0145
https://orcid.org/0000-0003-4007-0145
https://orcid.org/0000-0003-4007-0145
https://orcid.org/0000-0003-0004-4110
https://orcid.org/0000-0003-0004-4110
https://orcid.org/0000-0003-0004-4110
https://orcid.org/0000-0003-0004-4110
https://orcid.org/0000-0003-0004-4110
https://orcid.org/0000-0003-0004-4110
https://orcid.org/0000-0003-0004-4110
https://orcid.org/0000-0003-0004-4110
https://orcid.org/0000-0003-1128-5008
https://orcid.org/0000-0003-1128-5008
https://orcid.org/0000-0003-1128-5008
https://orcid.org/0000-0003-1128-5008
https://orcid.org/0000-0003-1128-5008
https://orcid.org/0000-0003-1128-5008
https://orcid.org/0000-0003-1128-5008
https://orcid.org/0000-0003-1128-5008
https://orcid.org/0000-0003-0587-4324
https://orcid.org/0000-0003-0587-4324
https://orcid.org/0000-0003-0587-4324
https://orcid.org/0000-0003-0587-4324
https://orcid.org/0000-0003-0587-4324
https://orcid.org/0000-0003-0587-4324
https://orcid.org/0000-0003-0587-4324
https://orcid.org/0000-0003-0587-4324
https://orcid.org/0000-0002-7245-201X
https://orcid.org/0000-0002-7245-201X
https://orcid.org/0000-0002-7245-201X
https://orcid.org/0000-0002-7245-201X
https://orcid.org/0000-0002-7245-201X
https://orcid.org/0000-0002-7245-201X
https://orcid.org/0000-0002-7245-201X
https://orcid.org/0000-0002-7245-201X


H. Ndiyavala https://orcid.org/0000-0001-9279-1775
J. Niemiec https://orcid.org/0000-0001-6036-8569
S. Ohm https://orcid.org/0000-0002-3474-2243
L. Olivera-Nieto https://orcid.org/0000-0002-9105-0518
M. Ostrowski https://orcid.org/0000-0002-9199-7031
S. Panny https://orcid.org/0000-0001-5770-3805
R. D. Parsons https://orcid.org/0000-0003-3457-9308
G. Peron https://orcid.org/0000-0003-3255-0077
V. Poireau https://orcid.org/0000-0002-4768-0256
M. Punch https://orcid.org/0000-0002-4710-2165
R. Rauth https://orcid.org/0000-0003-4513-8241
A. Reimer https://orcid.org/0000-0001-8604-7077
O. Reimer https://orcid.org/0000-0001-6953-1385
B. Reville https://orcid.org/0000-0002-3778-1432
F. Rieger https://orcid.org/0000-0003-1334-2993
L. Rinchiuso https://orcid.org/0000-0003-0540-9967
C. Romoli https://orcid.org/0000-0003-2541-4499
G. Rowell https://orcid.org/0000-0002-9516-1581
B. Rudak https://orcid.org/0000-0003-0452-3805
H. Rueda Ricarte https://orcid.org/0000-0001-9833-7637
E. Ruiz-Velasco https://orcid.org/0000-0001-6939-7825
S. Sailer https://orcid.org/0000-0001-8273-8495
A. Santangelo https://orcid.org/0000-0003-4187-9560
M. Sasaki https://orcid.org/0000-0001-5302-1866
F. Schüssler https://orcid.org/0000-0003-1500-6571
H. M. Schutte https://orcid.org/0000-0002-1769-5617
U. Schwanke https://orcid.org/0000-0002-1229-278X
M. Seglar-Arroyo https://orcid.org/0000-0001-8654-409X
M. Senniappan https://orcid.org/0000-0001-6734-7699
J. N. S. Shapopi https://orcid.org/0000-0002-7130-9270
S. Spencer https://orcid.org/0000-0001-5516-1205
S. Steinmassl https://orcid.org/0000-0002-2865-8563
C. Steppa https://orcid.org/0000-0003-0116-8836
T. Tanaka https://orcid.org/0000-0002-4383-0368
A. M. Taylor https://orcid.org/0000-0001-9473-4758
J. H. E. Thiersen https://orcid.org/0000-0002-8219-4667
N. Tsuji https://orcid.org/0000-0001-7209-9204
C. van Eldik https://orcid.org/0000-0001-9669-645X
B. van Soelen https://orcid.org/0000-0003-1873-7855
C. Venter https://orcid.org/0000-0002-2666-4812
J. Vink https://orcid.org/0000-0002-4708-4219
H. J. Völk https://orcid.org/0000-0003-2386-8067
Z. Wadiasingh https://orcid.org/0000-0002-9249-0515
S. J. Wagner https://orcid.org/0000-0002-7474-6062
J. Watson https://orcid.org/0000-0003-4282-7463
F. Werner https://orcid.org/0000-0002-6941-1073
A. Wierzcholska https://orcid.org/0000-0003-4472-7204
M. Zacharias https://orcid.org/0000-0001-5801-3945
R. Zanin https://orcid.org/0000-0001-6320-1801
D. Zargaryan https://orcid.org/0000-0002-2876-6433
A. A. Zdziarski https://orcid.org/0000-0002-0333-2452
A. Zech https://orcid.org/0000-0002-4388-5625
S. J. Zhu https://orcid.org/0000-0002-6468-8292
J. Zorn https://orcid.org/0000-0001-9309-0700
S. Zouari https://orcid.org/0000-0002-5333-2004
N. Żywucka https://orcid.org/0000-0003-2644-6441

References

Acciari, V. A., et al. 2018, MNRAS, 481, 2479
Aharonian, F., Akhperjanian, A. G., Bazer-Bachi, A. R., et al. 2006, A&A,

457, 899
Aleksić, J., Antonelli, L. A., Antoranz, P., et al. 2013, A&A, 549, A23

Archer, A., & Buckley, J. 2021, PoS, ICRC2019, 504
Bailes, M., Bassa, C. G., Bernardi, G., et al. 2021, MNRAS, 503, 5367
Barthelmy, S. D., Bernardini, M. G., D’Avanzo, P., et al. 2020, GCN, 27657,

https://gcn.gsfc.nasa.gov/gcn/gcn3/27657.gcn3
Beloborodov, A. M. 2017, ApJL, 843, L26
Beloborodov, A. M. 2020, ApJ, 896, 142
Berge, D., Funk, S., & Hinton, J. 2007, A&A, 466, 1219
Bhat, P. N., Meegan, C. A., von Kienlin, A., et al. 2016, ApJS, 223, 28
Bochenek, C., Kulkarni, S., Ravi, V., et al. 2020, ATel, 13684, http://www.

astronomerstelegram.org/?read=13684
Borghese, A., Zelati, F. C., Rea, N., et al. 2020, ApJL, 902, L2
Brun, F., Piel, Q., de Naurois, M., & Bernhard, S. 2020, APh, 118, 102429
Burns, E., & Younes, G. 2015, GCN, 17496, https://gcn.gsfc.nasa.gov/gcn3/

17496.gcn3
CHIME/FRB Collaboration, Andersen, B. C., Bandura, K. M., et al. 2020,

Natur, 587, 54
Cummings, J. R., Barthelmy, S. D., Chester, M. M., & Page, K. L. 2014, ATel,

6294, http://www.astronomerstelegram.org/?read=6294
de Naurois, M., & Rolland, L. 2009, APh, 32, 231
Fermi-LAT Collaboration, Ajello, M., Atwood, W. B., et al. 2021, NatAs,

5, 385
Frederiks, D., Golenetskii, S., Aptekar, R., et al. 2016, GCN, 19613, https://

gcn.gsfc.nasa.gov/gcn3/19613.gcn3
Golenetskii, S., Aptekar, R., Frederiks, D., et al. 2015, GCN, 17703, https://

gcn.gsfc.nasa.gov/gcn3/17703.gcn3
Gruber, D., Goldstein, A., von Ahlefeld, V. W., et al. 2014, ApJS, 211, 12
H.E.S.S. Collaboration, Abdalla, H., Abramowski, A., et al. 2017, A&A,

597, A115
H.E.S.S. Collaboration, Abdalla, H., Abramowski, A., et al. 2018, A&A,

612, A11
Holder, J., VERITAS Collaboration, & Lynch, R. S. 2019, in Proc. ICRC 36

(Madison, WI) 698, arXiv:1908.06471
Hu, K., Baring, M. G., Wadiasingh, Z., & Harding, A. K. 2019, MNRAS,

486, 3327
Inan, U. S., Lehtinen, N. G., Moore, R. C., et al. 2007, GeoRL, 34, L08103
Insight-HXMT 2020, SGR J1935+2154 Burst List, http://hxmten.ihep.ac.cn/

bfy/331.jhtml
Ioka, K., Razzaque, S., Kobayashi, S., & Mészáros, P. 2005, ApJ, 633, 1013
Kaneko, Y., Gogus, E., Younes, G., et al. 2014, GCN, 16577, https://gcn.gsfc.

nasa.gov/gcn3/16577.gcn3
Kaspi, V. M., & Beloborodov, A. 2017, ARA&A, 55, 261
Kirsten, F., Snelders, M. P., Jenkins, M., et al. 2020, NatAs, 5, 414
Kozlova, A., Golenetskii, S., Aptekar, R., et al. 2016a, GCN, 19438, https://

gcn.gsfc.nasa.gov/gcn3/19438.gcn3
Kozlova, A. V., Israel, G. L., Svinkin, D. S., et al. 2016b, MNRAS, 460, 2008
Li, C. K., Lin, L., Xiong, S. L., et al. 2021, NatAs, 5, 378
Li, T.-P., & Ma, Y. 1983, ApJ, 272, 317
Lin, L., Göğüş, E., Roberts, O. J., et al. 2020a, ApJ, 893, 156
Lin, L., Göğüş, E., Roberts, O. J., et al. 2020b, ApJL, 902, L43
Lin, L., Zhang, C. F., Wang, P., et al. 2020c, Natur, 587, 63
Lyubarsky, Y. 2014, MNRAS, 442, 9
Mereghetti, S., Savchenko, V., Ferrigno, C., et al. 2020, ApJL, 898, L29
Mereghetti, S., Savchenko, V., Ferrigno, C., et al. 2021, GCN, 29381, https://

gcn.gsfc.nasa.gov/gcn3/29381.gcn3
Metzger, B. D., Margalit, B., & Sironi, L. 2019, MNRAS, 485, 4091
Parsons, R. D., & Hinton, J. A. 2014, APh, 56, 26
Petroff, E., Barr, E. D., Jameson, A., et al. 2016, PASA, 33, e045
Petroff, E., Burke-Spolaor, S., Keane, E. F., et al. 2017, MNRAS, 469, 4465
Petroff, E., Hessels, J. W. T., & Lorimer, D. R. 2019, A&ARv, 27, 4
Popov, S. B., & Postnov, K. A. 2010, in Evolution of Cosmic Objects through

their Physical Activity, ed. H. A. Harutyunian, A. M. Mickaelian, &
Y. Terzian, 129, arXiv:0710.2006

Ricciarini, S., Yoshida, A., Sakamoto, T., et al. 2021, GCN, 29383, https://
gcn.gsfc.nasa.gov/gcn3/29383.gcn3

Ridnaia, A., Golenetskii, S., Aptekar, R., et al. 2019, GCN, 26242, https://gcn.
gsfc.nasa.gov/gcn3/26242.gcn3

Ridnaia, A., Golenetskii, S., Aptekar, R., et al. 2020a, ATel, 13688, http://
www.astronomerstelegram.org/?read=13688

Ridnaia, A., Golenetskii, S., Aptekar, R., et al. 2020b, GCN, 27715, https://
gcn.gsfc.nasa.gov/gcn/gcn3/27715.gcn3

Ridnaia, A., Golenetskii, S., Aptekar, R., et al. 2020c, GCN, 27554, https://
gcn.gsfc.nasa.gov/gcn/gcn3/27554.gcn3

Ridnaia, A., Golenetskii, S., Aptekar, R., et al. 2020d, GCN, 29373, https://
gcn.gsfc.nasa.gov/gcn3/29373.gcn3

Ridnaia, A., Golenetskii, S., Aptekar, R., et al. 2020e, GCN, 27631, https://
gcn.gsfc.nasa.gov/gcn3/27631.gcn3

8

The Astrophysical Journal, 919:106 (9pp), 2021 October 1 Abdalla et al.

https://orcid.org/0000-0001-9279-1775
https://orcid.org/0000-0001-9279-1775
https://orcid.org/0000-0001-9279-1775
https://orcid.org/0000-0001-9279-1775
https://orcid.org/0000-0001-9279-1775
https://orcid.org/0000-0001-9279-1775
https://orcid.org/0000-0001-9279-1775
https://orcid.org/0000-0001-9279-1775
https://orcid.org/0000-0001-6036-8569
https://orcid.org/0000-0001-6036-8569
https://orcid.org/0000-0001-6036-8569
https://orcid.org/0000-0001-6036-8569
https://orcid.org/0000-0001-6036-8569
https://orcid.org/0000-0001-6036-8569
https://orcid.org/0000-0001-6036-8569
https://orcid.org/0000-0001-6036-8569
https://orcid.org/0000-0002-3474-2243
https://orcid.org/0000-0002-3474-2243
https://orcid.org/0000-0002-3474-2243
https://orcid.org/0000-0002-3474-2243
https://orcid.org/0000-0002-3474-2243
https://orcid.org/0000-0002-3474-2243
https://orcid.org/0000-0002-3474-2243
https://orcid.org/0000-0002-3474-2243
https://orcid.org/0000-0002-9105-0518
https://orcid.org/0000-0002-9105-0518
https://orcid.org/0000-0002-9105-0518
https://orcid.org/0000-0002-9105-0518
https://orcid.org/0000-0002-9105-0518
https://orcid.org/0000-0002-9105-0518
https://orcid.org/0000-0002-9105-0518
https://orcid.org/0000-0002-9105-0518
https://orcid.org/0000-0002-9199-7031
https://orcid.org/0000-0002-9199-7031
https://orcid.org/0000-0002-9199-7031
https://orcid.org/0000-0002-9199-7031
https://orcid.org/0000-0002-9199-7031
https://orcid.org/0000-0002-9199-7031
https://orcid.org/0000-0002-9199-7031
https://orcid.org/0000-0002-9199-7031
https://orcid.org/0000-0001-5770-3805
https://orcid.org/0000-0001-5770-3805
https://orcid.org/0000-0001-5770-3805
https://orcid.org/0000-0001-5770-3805
https://orcid.org/0000-0001-5770-3805
https://orcid.org/0000-0001-5770-3805
https://orcid.org/0000-0001-5770-3805
https://orcid.org/0000-0001-5770-3805
https://orcid.org/0000-0003-3457-9308
https://orcid.org/0000-0003-3457-9308
https://orcid.org/0000-0003-3457-9308
https://orcid.org/0000-0003-3457-9308
https://orcid.org/0000-0003-3457-9308
https://orcid.org/0000-0003-3457-9308
https://orcid.org/0000-0003-3457-9308
https://orcid.org/0000-0003-3457-9308
https://orcid.org/0000-0003-3255-0077
https://orcid.org/0000-0003-3255-0077
https://orcid.org/0000-0003-3255-0077
https://orcid.org/0000-0003-3255-0077
https://orcid.org/0000-0003-3255-0077
https://orcid.org/0000-0003-3255-0077
https://orcid.org/0000-0003-3255-0077
https://orcid.org/0000-0003-3255-0077
https://orcid.org/0000-0002-4768-0256
https://orcid.org/0000-0002-4768-0256
https://orcid.org/0000-0002-4768-0256
https://orcid.org/0000-0002-4768-0256
https://orcid.org/0000-0002-4768-0256
https://orcid.org/0000-0002-4768-0256
https://orcid.org/0000-0002-4768-0256
https://orcid.org/0000-0002-4768-0256
https://orcid.org/0000-0002-4710-2165
https://orcid.org/0000-0002-4710-2165
https://orcid.org/0000-0002-4710-2165
https://orcid.org/0000-0002-4710-2165
https://orcid.org/0000-0002-4710-2165
https://orcid.org/0000-0002-4710-2165
https://orcid.org/0000-0002-4710-2165
https://orcid.org/0000-0002-4710-2165
https://orcid.org/0000-0003-4513-8241
https://orcid.org/0000-0003-4513-8241
https://orcid.org/0000-0003-4513-8241
https://orcid.org/0000-0003-4513-8241
https://orcid.org/0000-0003-4513-8241
https://orcid.org/0000-0003-4513-8241
https://orcid.org/0000-0003-4513-8241
https://orcid.org/0000-0003-4513-8241
https://orcid.org/0000-0001-8604-7077
https://orcid.org/0000-0001-8604-7077
https://orcid.org/0000-0001-8604-7077
https://orcid.org/0000-0001-8604-7077
https://orcid.org/0000-0001-8604-7077
https://orcid.org/0000-0001-8604-7077
https://orcid.org/0000-0001-8604-7077
https://orcid.org/0000-0001-8604-7077
https://orcid.org/0000-0001-6953-1385
https://orcid.org/0000-0001-6953-1385
https://orcid.org/0000-0001-6953-1385
https://orcid.org/0000-0001-6953-1385
https://orcid.org/0000-0001-6953-1385
https://orcid.org/0000-0001-6953-1385
https://orcid.org/0000-0001-6953-1385
https://orcid.org/0000-0001-6953-1385
https://orcid.org/0000-0002-3778-1432
https://orcid.org/0000-0002-3778-1432
https://orcid.org/0000-0002-3778-1432
https://orcid.org/0000-0002-3778-1432
https://orcid.org/0000-0002-3778-1432
https://orcid.org/0000-0002-3778-1432
https://orcid.org/0000-0002-3778-1432
https://orcid.org/0000-0002-3778-1432
https://orcid.org/0000-0003-1334-2993
https://orcid.org/0000-0003-1334-2993
https://orcid.org/0000-0003-1334-2993
https://orcid.org/0000-0003-1334-2993
https://orcid.org/0000-0003-1334-2993
https://orcid.org/0000-0003-1334-2993
https://orcid.org/0000-0003-1334-2993
https://orcid.org/0000-0003-1334-2993
https://orcid.org/0000-0003-0540-9967
https://orcid.org/0000-0003-0540-9967
https://orcid.org/0000-0003-0540-9967
https://orcid.org/0000-0003-0540-9967
https://orcid.org/0000-0003-0540-9967
https://orcid.org/0000-0003-0540-9967
https://orcid.org/0000-0003-0540-9967
https://orcid.org/0000-0003-0540-9967
https://orcid.org/0000-0003-2541-4499
https://orcid.org/0000-0003-2541-4499
https://orcid.org/0000-0003-2541-4499
https://orcid.org/0000-0003-2541-4499
https://orcid.org/0000-0003-2541-4499
https://orcid.org/0000-0003-2541-4499
https://orcid.org/0000-0003-2541-4499
https://orcid.org/0000-0003-2541-4499
https://orcid.org/0000-0002-9516-1581
https://orcid.org/0000-0002-9516-1581
https://orcid.org/0000-0002-9516-1581
https://orcid.org/0000-0002-9516-1581
https://orcid.org/0000-0002-9516-1581
https://orcid.org/0000-0002-9516-1581
https://orcid.org/0000-0002-9516-1581
https://orcid.org/0000-0002-9516-1581
https://orcid.org/0000-0003-0452-3805
https://orcid.org/0000-0003-0452-3805
https://orcid.org/0000-0003-0452-3805
https://orcid.org/0000-0003-0452-3805
https://orcid.org/0000-0003-0452-3805
https://orcid.org/0000-0003-0452-3805
https://orcid.org/0000-0003-0452-3805
https://orcid.org/0000-0003-0452-3805
https://orcid.org/0000-0001-9833-7637
https://orcid.org/0000-0001-9833-7637
https://orcid.org/0000-0001-9833-7637
https://orcid.org/0000-0001-9833-7637
https://orcid.org/0000-0001-9833-7637
https://orcid.org/0000-0001-9833-7637
https://orcid.org/0000-0001-9833-7637
https://orcid.org/0000-0001-9833-7637
https://orcid.org/0000-0001-6939-7825
https://orcid.org/0000-0001-6939-7825
https://orcid.org/0000-0001-6939-7825
https://orcid.org/0000-0001-6939-7825
https://orcid.org/0000-0001-6939-7825
https://orcid.org/0000-0001-6939-7825
https://orcid.org/0000-0001-6939-7825
https://orcid.org/0000-0001-6939-7825
https://orcid.org/0000-0001-8273-8495
https://orcid.org/0000-0001-8273-8495
https://orcid.org/0000-0001-8273-8495
https://orcid.org/0000-0001-8273-8495
https://orcid.org/0000-0001-8273-8495
https://orcid.org/0000-0001-8273-8495
https://orcid.org/0000-0001-8273-8495
https://orcid.org/0000-0001-8273-8495
https://orcid.org/0000-0003-4187-9560
https://orcid.org/0000-0003-4187-9560
https://orcid.org/0000-0003-4187-9560
https://orcid.org/0000-0003-4187-9560
https://orcid.org/0000-0003-4187-9560
https://orcid.org/0000-0003-4187-9560
https://orcid.org/0000-0003-4187-9560
https://orcid.org/0000-0003-4187-9560
https://orcid.org/0000-0001-5302-1866
https://orcid.org/0000-0001-5302-1866
https://orcid.org/0000-0001-5302-1866
https://orcid.org/0000-0001-5302-1866
https://orcid.org/0000-0001-5302-1866
https://orcid.org/0000-0001-5302-1866
https://orcid.org/0000-0001-5302-1866
https://orcid.org/0000-0001-5302-1866
https://orcid.org/0000-0003-1500-6571
https://orcid.org/0000-0003-1500-6571
https://orcid.org/0000-0003-1500-6571
https://orcid.org/0000-0003-1500-6571
https://orcid.org/0000-0003-1500-6571
https://orcid.org/0000-0003-1500-6571
https://orcid.org/0000-0003-1500-6571
https://orcid.org/0000-0003-1500-6571
https://orcid.org/0000-0002-1769-5617
https://orcid.org/0000-0002-1769-5617
https://orcid.org/0000-0002-1769-5617
https://orcid.org/0000-0002-1769-5617
https://orcid.org/0000-0002-1769-5617
https://orcid.org/0000-0002-1769-5617
https://orcid.org/0000-0002-1769-5617
https://orcid.org/0000-0002-1769-5617
https://orcid.org/0000-0002-1229-278X
https://orcid.org/0000-0002-1229-278X
https://orcid.org/0000-0002-1229-278X
https://orcid.org/0000-0002-1229-278X
https://orcid.org/0000-0002-1229-278X
https://orcid.org/0000-0002-1229-278X
https://orcid.org/0000-0002-1229-278X
https://orcid.org/0000-0002-1229-278X
https://orcid.org/0000-0001-8654-409X
https://orcid.org/0000-0001-8654-409X
https://orcid.org/0000-0001-8654-409X
https://orcid.org/0000-0001-8654-409X
https://orcid.org/0000-0001-8654-409X
https://orcid.org/0000-0001-8654-409X
https://orcid.org/0000-0001-8654-409X
https://orcid.org/0000-0001-8654-409X
https://orcid.org/0000-0001-6734-7699
https://orcid.org/0000-0001-6734-7699
https://orcid.org/0000-0001-6734-7699
https://orcid.org/0000-0001-6734-7699
https://orcid.org/0000-0001-6734-7699
https://orcid.org/0000-0001-6734-7699
https://orcid.org/0000-0001-6734-7699
https://orcid.org/0000-0001-6734-7699
https://orcid.org/0000-0002-7130-9270
https://orcid.org/0000-0002-7130-9270
https://orcid.org/0000-0002-7130-9270
https://orcid.org/0000-0002-7130-9270
https://orcid.org/0000-0002-7130-9270
https://orcid.org/0000-0002-7130-9270
https://orcid.org/0000-0002-7130-9270
https://orcid.org/0000-0002-7130-9270
https://orcid.org/0000-0001-5516-1205
https://orcid.org/0000-0001-5516-1205
https://orcid.org/0000-0001-5516-1205
https://orcid.org/0000-0001-5516-1205
https://orcid.org/0000-0001-5516-1205
https://orcid.org/0000-0001-5516-1205
https://orcid.org/0000-0001-5516-1205
https://orcid.org/0000-0001-5516-1205
https://orcid.org/0000-0002-2865-8563
https://orcid.org/0000-0002-2865-8563
https://orcid.org/0000-0002-2865-8563
https://orcid.org/0000-0002-2865-8563
https://orcid.org/0000-0002-2865-8563
https://orcid.org/0000-0002-2865-8563
https://orcid.org/0000-0002-2865-8563
https://orcid.org/0000-0002-2865-8563
https://orcid.org/0000-0003-0116-8836
https://orcid.org/0000-0003-0116-8836
https://orcid.org/0000-0003-0116-8836
https://orcid.org/0000-0003-0116-8836
https://orcid.org/0000-0003-0116-8836
https://orcid.org/0000-0003-0116-8836
https://orcid.org/0000-0003-0116-8836
https://orcid.org/0000-0003-0116-8836
https://orcid.org/0000-0002-4383-0368
https://orcid.org/0000-0002-4383-0368
https://orcid.org/0000-0002-4383-0368
https://orcid.org/0000-0002-4383-0368
https://orcid.org/0000-0002-4383-0368
https://orcid.org/0000-0002-4383-0368
https://orcid.org/0000-0002-4383-0368
https://orcid.org/0000-0002-4383-0368
https://orcid.org/0000-0001-9473-4758
https://orcid.org/0000-0001-9473-4758
https://orcid.org/0000-0001-9473-4758
https://orcid.org/0000-0001-9473-4758
https://orcid.org/0000-0001-9473-4758
https://orcid.org/0000-0001-9473-4758
https://orcid.org/0000-0001-9473-4758
https://orcid.org/0000-0001-9473-4758
https://orcid.org/0000-0002-8219-4667
https://orcid.org/0000-0002-8219-4667
https://orcid.org/0000-0002-8219-4667
https://orcid.org/0000-0002-8219-4667
https://orcid.org/0000-0002-8219-4667
https://orcid.org/0000-0002-8219-4667
https://orcid.org/0000-0002-8219-4667
https://orcid.org/0000-0002-8219-4667
https://orcid.org/0000-0001-7209-9204
https://orcid.org/0000-0001-7209-9204
https://orcid.org/0000-0001-7209-9204
https://orcid.org/0000-0001-7209-9204
https://orcid.org/0000-0001-7209-9204
https://orcid.org/0000-0001-7209-9204
https://orcid.org/0000-0001-7209-9204
https://orcid.org/0000-0001-7209-9204
https://orcid.org/0000-0001-9669-645X
https://orcid.org/0000-0001-9669-645X
https://orcid.org/0000-0001-9669-645X
https://orcid.org/0000-0001-9669-645X
https://orcid.org/0000-0001-9669-645X
https://orcid.org/0000-0001-9669-645X
https://orcid.org/0000-0001-9669-645X
https://orcid.org/0000-0001-9669-645X
https://orcid.org/0000-0003-1873-7855
https://orcid.org/0000-0003-1873-7855
https://orcid.org/0000-0003-1873-7855
https://orcid.org/0000-0003-1873-7855
https://orcid.org/0000-0003-1873-7855
https://orcid.org/0000-0003-1873-7855
https://orcid.org/0000-0003-1873-7855
https://orcid.org/0000-0003-1873-7855
https://orcid.org/0000-0002-2666-4812
https://orcid.org/0000-0002-2666-4812
https://orcid.org/0000-0002-2666-4812
https://orcid.org/0000-0002-2666-4812
https://orcid.org/0000-0002-2666-4812
https://orcid.org/0000-0002-2666-4812
https://orcid.org/0000-0002-2666-4812
https://orcid.org/0000-0002-2666-4812
https://orcid.org/0000-0002-4708-4219
https://orcid.org/0000-0002-4708-4219
https://orcid.org/0000-0002-4708-4219
https://orcid.org/0000-0002-4708-4219
https://orcid.org/0000-0002-4708-4219
https://orcid.org/0000-0002-4708-4219
https://orcid.org/0000-0002-4708-4219
https://orcid.org/0000-0002-4708-4219
https://orcid.org/0000-0003-2386-8067
https://orcid.org/0000-0003-2386-8067
https://orcid.org/0000-0003-2386-8067
https://orcid.org/0000-0003-2386-8067
https://orcid.org/0000-0003-2386-8067
https://orcid.org/0000-0003-2386-8067
https://orcid.org/0000-0003-2386-8067
https://orcid.org/0000-0003-2386-8067
https://orcid.org/0000-0002-9249-0515
https://orcid.org/0000-0002-9249-0515
https://orcid.org/0000-0002-9249-0515
https://orcid.org/0000-0002-9249-0515
https://orcid.org/0000-0002-9249-0515
https://orcid.org/0000-0002-9249-0515
https://orcid.org/0000-0002-9249-0515
https://orcid.org/0000-0002-9249-0515
https://orcid.org/0000-0002-7474-6062
https://orcid.org/0000-0002-7474-6062
https://orcid.org/0000-0002-7474-6062
https://orcid.org/0000-0002-7474-6062
https://orcid.org/0000-0002-7474-6062
https://orcid.org/0000-0002-7474-6062
https://orcid.org/0000-0002-7474-6062
https://orcid.org/0000-0002-7474-6062
https://orcid.org/0000-0003-4282-7463
https://orcid.org/0000-0003-4282-7463
https://orcid.org/0000-0003-4282-7463
https://orcid.org/0000-0003-4282-7463
https://orcid.org/0000-0003-4282-7463
https://orcid.org/0000-0003-4282-7463
https://orcid.org/0000-0003-4282-7463
https://orcid.org/0000-0003-4282-7463
https://orcid.org/0000-0002-6941-1073
https://orcid.org/0000-0002-6941-1073
https://orcid.org/0000-0002-6941-1073
https://orcid.org/0000-0002-6941-1073
https://orcid.org/0000-0002-6941-1073
https://orcid.org/0000-0002-6941-1073
https://orcid.org/0000-0002-6941-1073
https://orcid.org/0000-0002-6941-1073
https://orcid.org/0000-0003-4472-7204
https://orcid.org/0000-0003-4472-7204
https://orcid.org/0000-0003-4472-7204
https://orcid.org/0000-0003-4472-7204
https://orcid.org/0000-0003-4472-7204
https://orcid.org/0000-0003-4472-7204
https://orcid.org/0000-0003-4472-7204
https://orcid.org/0000-0003-4472-7204
https://orcid.org/0000-0001-5801-3945
https://orcid.org/0000-0001-5801-3945
https://orcid.org/0000-0001-5801-3945
https://orcid.org/0000-0001-5801-3945
https://orcid.org/0000-0001-5801-3945
https://orcid.org/0000-0001-5801-3945
https://orcid.org/0000-0001-5801-3945
https://orcid.org/0000-0001-5801-3945
https://orcid.org/0000-0001-6320-1801
https://orcid.org/0000-0001-6320-1801
https://orcid.org/0000-0001-6320-1801
https://orcid.org/0000-0001-6320-1801
https://orcid.org/0000-0001-6320-1801
https://orcid.org/0000-0001-6320-1801
https://orcid.org/0000-0001-6320-1801
https://orcid.org/0000-0001-6320-1801
https://orcid.org/0000-0002-2876-6433
https://orcid.org/0000-0002-2876-6433
https://orcid.org/0000-0002-2876-6433
https://orcid.org/0000-0002-2876-6433
https://orcid.org/0000-0002-2876-6433
https://orcid.org/0000-0002-2876-6433
https://orcid.org/0000-0002-2876-6433
https://orcid.org/0000-0002-2876-6433
https://orcid.org/0000-0002-0333-2452
https://orcid.org/0000-0002-0333-2452
https://orcid.org/0000-0002-0333-2452
https://orcid.org/0000-0002-0333-2452
https://orcid.org/0000-0002-0333-2452
https://orcid.org/0000-0002-0333-2452
https://orcid.org/0000-0002-0333-2452
https://orcid.org/0000-0002-0333-2452
https://orcid.org/0000-0002-4388-5625
https://orcid.org/0000-0002-4388-5625
https://orcid.org/0000-0002-4388-5625
https://orcid.org/0000-0002-4388-5625
https://orcid.org/0000-0002-4388-5625
https://orcid.org/0000-0002-4388-5625
https://orcid.org/0000-0002-4388-5625
https://orcid.org/0000-0002-4388-5625
https://orcid.org/0000-0002-6468-8292
https://orcid.org/0000-0002-6468-8292
https://orcid.org/0000-0002-6468-8292
https://orcid.org/0000-0002-6468-8292
https://orcid.org/0000-0002-6468-8292
https://orcid.org/0000-0002-6468-8292
https://orcid.org/0000-0002-6468-8292
https://orcid.org/0000-0002-6468-8292
https://orcid.org/0000-0001-9309-0700
https://orcid.org/0000-0001-9309-0700
https://orcid.org/0000-0001-9309-0700
https://orcid.org/0000-0001-9309-0700
https://orcid.org/0000-0001-9309-0700
https://orcid.org/0000-0001-9309-0700
https://orcid.org/0000-0001-9309-0700
https://orcid.org/0000-0001-9309-0700
https://orcid.org/0000-0002-5333-2004
https://orcid.org/0000-0002-5333-2004
https://orcid.org/0000-0002-5333-2004
https://orcid.org/0000-0002-5333-2004
https://orcid.org/0000-0002-5333-2004
https://orcid.org/0000-0002-5333-2004
https://orcid.org/0000-0002-5333-2004
https://orcid.org/0000-0002-5333-2004
https://orcid.org/0000-0003-2644-6441
https://orcid.org/0000-0003-2644-6441
https://orcid.org/0000-0003-2644-6441
https://orcid.org/0000-0003-2644-6441
https://orcid.org/0000-0003-2644-6441
https://orcid.org/0000-0003-2644-6441
https://orcid.org/0000-0003-2644-6441
https://orcid.org/0000-0003-2644-6441
https://doi.org/10.1093/mnras/sty2422
https://ui.adsabs.harvard.edu/abs/2018MNRAS.481.2479M/abstract
https://doi.org/10.1051/0004-6361:20065351
https://ui.adsabs.harvard.edu/abs/2006A&A...457..899A/abstract
https://ui.adsabs.harvard.edu/abs/2006A&A...457..899A/abstract
https://doi.org/10.1051/0004-6361/201220275
https://ui.adsabs.harvard.edu/abs/2013A&A...549A..23A/abstract
https://doi.org/10.1093/mnras/stab749
https://ui.adsabs.harvard.edu/abs/2021MNRAS.503.5367B/abstract
https://gcn.gsfc.nasa.gov/gcn/gcn3/27657.gcn3
https://doi.org/10.3847/2041-8213/aa78f3
https://ui.adsabs.harvard.edu/abs/2017ApJ...843L..26B/abstract
https://doi.org/10.3847/1538-4357/ab83eb
https://ui.adsabs.harvard.edu/abs/2020ApJ...896..142B/abstract
https://doi.org/10.1051/0004-6361:20066674
https://ui.adsabs.harvard.edu/abs/2007A&A...466.1219B/abstract
https://doi.org/10.3847/0067-0049/223/2/28
https://ui.adsabs.harvard.edu/abs/2016ApJS..223...28B/abstract
https://ui.adsabs.harvard.edu/abs/2020ATel13684....1B/abstract
http://www.astronomerstelegram.org/?read=13684
http://www.astronomerstelegram.org/?read=13684
https://doi.org/10.3847/2041-8213/aba82a
https://ui.adsabs.harvard.edu/abs/2020ApJ...902L...2B/abstract
https://doi.org/10.1016/j.astropartphys.2020.102429
https://gcn.gsfc.nasa.gov/gcn3/17496.gcn3
https://gcn.gsfc.nasa.gov/gcn3/17496.gcn3
https://doi.org/10.1038/s41586-020-2863-y
https://ui.adsabs.harvard.edu/abs/2020Natur.587...54C/abstract
https://ui.adsabs.harvard.edu/abs/2014ATel.6294....1C/abstract
http://www.astronomerstelegram.org/?read=6294
https://doi.org/10.1016/j.astropartphys.2009.09.001
https://ui.adsabs.harvard.edu/abs/2009APh....32..231D/abstract
https://doi.org/10.1038/s41550-020-01287-8
https://ui.adsabs.harvard.edu/abs/2021NatAs.tmp...11F/abstract
https://ui.adsabs.harvard.edu/abs/2021NatAs.tmp...11F/abstract
https://gcn.gsfc.nasa.gov/gcn3/19613.gcn3
https://gcn.gsfc.nasa.gov/gcn3/19613.gcn3
https://gcn.gsfc.nasa.gov/gcn3/17703.gcn3
https://gcn.gsfc.nasa.gov/gcn3/17703.gcn3
https://doi.org/10.1088/0067-0049/211/1/12
https://ui.adsabs.harvard.edu/abs/2014ApJS..211...12G/abstract
https://doi.org/10.1051/0004-6361/201629117
https://ui.adsabs.harvard.edu/abs/2017A&A...597A.115H/abstract
https://ui.adsabs.harvard.edu/abs/2017A&A...597A.115H/abstract
https://doi.org/10.1051/0004-6361/201628695
https://ui.adsabs.harvard.edu/abs/2018A&A...612A..11H/abstract
https://ui.adsabs.harvard.edu/abs/2018A&A...612A..11H/abstract
http://arxiv.org/abs/1908.06471
https://doi.org/10.1093/mnras/stz995
https://ui.adsabs.harvard.edu/abs/2019MNRAS.486.3327H/abstract
https://ui.adsabs.harvard.edu/abs/2019MNRAS.486.3327H/abstract
https://doi.org/10.1029/2006GL029145
https://ui.adsabs.harvard.edu/abs/2007GeoRL..34.8103I/abstract
http://hxmten.ihep.ac.cn/bfy/331.jhtml
http://hxmten.ihep.ac.cn/bfy/331.jhtml
http://hxmten.ihep.ac.cn/bfy/331.jhtml
http://hxmten.ihep.ac.cn/bfy/331.jhtml
https://doi.org/10.1086/466514
https://ui.adsabs.harvard.edu/abs/2005ApJ...633.1013I/abstract
https://gcn.gsfc.nasa.gov/gcn3/16577.gcn3
https://gcn.gsfc.nasa.gov/gcn3/16577.gcn3
https://doi.org/10.1146/annurev-astro-081915-023329
https://ui.adsabs.harvard.edu/abs/2017ARA&A..55..261K/abstract
https://doi.org/10.1038/s41550-020-01246-3
https://ui.adsabs.harvard.edu/abs/2021NatAs...5..414K/abstract
https://gcn.gsfc.nasa.gov/gcn3/19438.gcn3
https://gcn.gsfc.nasa.gov/gcn3/19438.gcn3
https://doi.org/10.1093/mnras/stw1109
https://ui.adsabs.harvard.edu/abs/2016MNRAS.460.2008K/abstract
https://doi.org/10.1038/s41550-021-01302-6
https://ui.adsabs.harvard.edu/abs/2021NatAs.tmp...54L/abstract
https://doi.org/10.1086/161295
https://ui.adsabs.harvard.edu/abs/1983ApJ...272..317L/abstract
https://doi.org/10.3847/1538-4357/ab818f
https://ui.adsabs.harvard.edu/abs/2020ApJ...893..156L/abstract
https://doi.org/10.3847/2041-8213/abbefe
https://ui.adsabs.harvard.edu/abs/2020ApJ...902L..43L/abstract
https://doi.org/10.1038/s41586-020-2839-y
https://ui.adsabs.harvard.edu/abs/2020Natur.587...63L/abstract
https://doi.org/10.1093/mnrasl/slu046
https://ui.adsabs.harvard.edu/abs/2014MNRAS.442L...9L/abstract
https://doi.org/10.3847/2041-8213/aba2cf
https://ui.adsabs.harvard.edu/abs/2020ApJ...898L..29M/abstract
https://gcn.gsfc.nasa.gov/gcn3/29381.gcn3
https://gcn.gsfc.nasa.gov/gcn3/29381.gcn3
https://doi.org/10.1093/mnras/stz700
https://ui.adsabs.harvard.edu/abs/2019MNRAS.485.4091M/abstract
https://doi.org/10.1016/j.astropartphys.2014.03.002
https://ui.adsabs.harvard.edu/abs/2014APh....56...26P/abstract
https://doi.org/10.1017/pasa.2016.35
https://ui.adsabs.harvard.edu/abs/2016PASA...33...45P/abstract
https://ui.adsabs.harvard.edu/abs/2017MNRAS.469.4465P/abstract
https://ui.adsabs.harvard.edu/abs/2019A&ARv..27....4P/abstract
http://arxiv.org/abs/0710.2006
https://gcn.gsfc.nasa.gov/gcn3/29383.gcn3
https://gcn.gsfc.nasa.gov/gcn3/29383.gcn3
https://gcn.gsfc.nasa.gov/gcn3/26242.gcn3
https://gcn.gsfc.nasa.gov/gcn3/26242.gcn3
https://ui.adsabs.harvard.edu/abs/2020ATel13688....1R/abstract
http://www.astronomerstelegram.org/?read=13688
http://www.astronomerstelegram.org/?read=13688
https://gcn.gsfc.nasa.gov/gcn/gcn3/27715.gcn3
https://gcn.gsfc.nasa.gov/gcn/gcn3/27715.gcn3
https://gcn.gsfc.nasa.gov/gcn/gcn3/27554.gcn3
https://gcn.gsfc.nasa.gov/gcn/gcn3/27554.gcn3
https://gcn.gsfc.nasa.gov/gcn3/29373.gcn3
https://gcn.gsfc.nasa.gov/gcn3/29373.gcn3
https://gcn.gsfc.nasa.gov/gcn3/27631.gcn3
https://gcn.gsfc.nasa.gov/gcn3/27631.gcn3


Ridnaia, A., Golenetskii, S., Aptekar, R., et al. 2020f, GCN, 27667, https://
gcn.gsfc.nasa.gov/gcn3/27667.gcn3

Ridnaia, A., Golenetskii, S., Aptekar, R., et al. 2021a, GCN, 29373, https://
gcn.gsfc.nasa.gov/gcn/gcn3/29373.gcn3

Ridnaia, A., Svinkin, D., Frederiks, D., et al. 2021b, NatAs, 5, 372
Roberts, O., Wood, J., von Kienlin, A., Veres, P., & Younes, G. 2021a, GCN,

29374, https://gcn.gsfc.nasa.gov/gcn3/29374.gcn3
Roberts, O., Wood, J., von Kienlin, A., Veres, P., & Younes, G. 2021b, GCN,

29388, https://gcn.gsfc.nasa.gov/gcn3/29388.gcn3
Rolke, W. A., López, A. M., & Conrad, J. 2005, NIMPA, 551, 493
Scholz, P. 2020, ATel, 13681, http://www.astronomerstelegram.org/?

read=13681
Tavani, M., Casentini, C., Ursi, A., et al. 2021, NatAs, 5, 401
Thompson, C., & Duncan, R. C. 2001, ApJ, 561, 980
Tohuvavohu, A. 2020, ATel, 13758, http://www.astronomerstelegram.org/?

read=13758
Ursi, A., Pittori, C., Tempesta, P., et al. 2020, ATel, 13682, http://www.

astronomerstelegram.org/?read=13682

von Kienlin, A., Meegan, C. A., Paciesas, W. S., et al. 2014, ApJS, 211, 13
von Kienlin, A., Meegan, C. A., Paciesas, W. S., et al. 2020, ApJ, 893, 46
Younes, G., & Kouveliotou, C. 2016, GCN, 19546, https://gcn.gsfc.nasa.gov/

gcn3/19546.gcn3
Younes, G., Kouveliotou, C., Hamburg, R., & Burns, E. 2016, GCN, 19598,

https://gcn.gsfc.nasa.gov/gcn3/19598.gcn3
Younes, G. Y. 2016, GCN, 19437, https://gcn.gsfc.nasa.gov/gcn3/

19437.gcn3
Yu, H.-F., & Veres, P. 2016, GCN, 19434, https://gcn.gsfc.nasa.gov/gcn3/

19434.gcn3
Zhang, B. 2020, Natur, 587, 45
Zhang, C. F., Mereghetti, S., Savchenko, V., et al. 2020a, ATel, 13699, http://

www.astronomerstelegram.org/?read=13699
Zhang, S.-N., Tuo, Y.-L., Xiong, S.-L., et al. 2020b, ATel, 13687, http://

www.astronomerstelegram.org/?read=13687
Zhang, S.-N., Zhang, B., & Lu, W.-B. 2020c, ATel, 13692, http://www.

astronomerstelegram.org/?read=13692
Zhou, P., Zhou, X., Chen, Y., et al. 2020, ApJ, 905, 99

9

The Astrophysical Journal, 919:106 (9pp), 2021 October 1 Abdalla et al.

https://gcn.gsfc.nasa.gov/gcn3/27667.gcn3
https://gcn.gsfc.nasa.gov/gcn3/27667.gcn3
https://gcn.gsfc.nasa.gov/gcn/gcn3/29373.gcn3
https://gcn.gsfc.nasa.gov/gcn/gcn3/29373.gcn3
https://doi.org/10.1038/s41550-020-01265-0
https://ui.adsabs.harvard.edu/abs/2021NatAs...5..372R/abstract
https://gcn.gsfc.nasa.gov/gcn3/29374.gcn3
https://gcn.gsfc.nasa.gov/gcn3/29388.gcn3
https://doi.org/10.1016/j.nima.2005.05.068
https://ui.adsabs.harvard.edu/abs/2005NIMPA.551..493R/abstract
https://ui.adsabs.harvard.edu/abs/2020ATel13681....1S/abstract
http://www.astronomerstelegram.org/?read=13681
http://www.astronomerstelegram.org/?read=13681
https://doi.org/10.1038/s41550-020-01276-x
https://ui.adsabs.harvard.edu/abs/2021NatAs...5..401T/abstract
https://doi.org/10.1086/323256
https://ui.adsabs.harvard.edu/abs/2001ApJ...561..980T/abstract
https://ui.adsabs.harvard.edu/abs/2020ATel13758....1T/abstract
http://www.astronomerstelegram.org/?read=13758
http://www.astronomerstelegram.org/?read=13758
https://ui.adsabs.harvard.edu/abs/2020ATel13682....1U/abstract
http://www.astronomerstelegram.org/?read=13682
http://www.astronomerstelegram.org/?read=13682
https://doi.org/10.1088/0067-0049/211/1/13
https://ui.adsabs.harvard.edu/abs/2014ApJS..211...13V/abstract
https://doi.org/10.3847/1538-4357/ab7a18
https://ui.adsabs.harvard.edu/abs/2020ApJ...893...46V/abstract
https://gcn.gsfc.nasa.gov/gcn3/19546.gcn3
https://gcn.gsfc.nasa.gov/gcn3/19546.gcn3
https://gcn.gsfc.nasa.gov/gcn3/19598.gcn3
https://gcn.gsfc.nasa.gov/gcn3/19437.gcn3
https://gcn.gsfc.nasa.gov/gcn3/19437.gcn3
https://gcn.gsfc.nasa.gov/gcn3/19434.gcn3
https://gcn.gsfc.nasa.gov/gcn3/19434.gcn3
https://doi.org/10.1038/s41586-020-2828-1
https://ui.adsabs.harvard.edu/abs/2020Natur.587...45Z/abstract
http://www.astronomerstelegram.org/?read=13699
http://www.astronomerstelegram.org/?read=13699
https://ui.adsabs.harvard.edu/abs/2020ATel13687....1Z/abstract
http://www.astronomerstelegram.org/?read=13687
http://www.astronomerstelegram.org/?read=13687
https://ui.adsabs.harvard.edu/abs/2020ATel13692....1Z/abstract
http://www.astronomerstelegram.org/?read=13692
http://www.astronomerstelegram.org/?read=13692
https://doi.org/10.3847/1538-4357/abc34a
https://ui.adsabs.harvard.edu/abs/2020ApJ...905...99Z/abstract

	1. Introduction
	1.1. SGRs and Nonthermal Emission
	1.2. Fast Radio Bursts and Magnetars
	1.3. Past Observations of FRBs with Imaging Atmospheric Cerenkov Telescopes
	1.4. SGR 1935+2154

	2. Observation Summary
	3. Data Analysis and Results
	4. Discussion
	5. Conclusions
	References



