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Observation of AGN with CTA LST-1 R. Takeishi

Cherenkov Telescope Array (CTA) will be the next generation gamma-ray observatory. It will
consist of three different sizes of telescopes, with a collective improvement of about an order of
magnitude in sensitivity, compared with the current generation gamma-ray telescopes. Large-
Sized Telescopes (LSTs) will be the most sensitive at energies from tens of GeV up to a few
TeVs, and will be the best suited to observe gamma-ray sources such as Active Galactic Nuclei
(AGN). The first Large-Sized Telescope prototype (LST-1), inaugurated in 2018 and currently in
commissioning phase, has accumulated more than one thousand hours of data to date. From 2020
to 2022, we have detected various gamma-ray sources, and prominent among them are several
well-known AGN, like Mrk 421, Mrk 501, 1ES 1959+650, 1ES 0647+250, PG 1553+113, etc. We
report on light curves and energy spectra reconstructed out of these observations down to energies

of tens of GeV, which is very close to the energy threshold of LST-1.
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1. Introduction

The exact mechanisms of gamma-ray emission from astrophysical sources like Active Galactic
Nuclei (AGN) are not fully understood. Cherenkov Telescope Array (CTA) will be the next
generation gamma-ray observatory located on two sites, the Roque de los Muchachos observatory
in the Canary Island of La Palma, Spain and Paranal, Chile. It aims to detect gamma-ray sources
using arrays of Imaging Atmospheric Cherenkov Telescopes (IACTs) of different sizes with an
improvement of about an order of magnitude in sensitivity compared with the current generation
IACTs. Four Large-Sized Telescopes (LSTs) alongside nine Medium-Sized Telescopes (MSTs) will
be deployed at the northern site in La Palma. LSTs are equipped with 23 m diameter mirror dishes
and the camera composed of 1855 photomultiplier tubes, where signals are recorded by a readout
system with a 1 GHz sampling rate. The telescopes will be most sensitive at energies from tens of
GeV up to a few TeVs and the best suited to observe gamma-ray sources such as AGN. LSTs also
have an ability to reposition to any point in the sky within 20 seconds, which is ideal condition for
observing fast transient sources.

The first Large-Sized Telescope prototype (LST-1), inaugurated in 2018 and currently in the
commissioning phase, has accumulated more than one thousand hours of data to date. From 2020
to 2022, we have detected various gamma-ray sources, and prominent among them are several
well-known AGN, like Markarian 421 (Mrk 421), Markarian 501 (Mrk 501), 1ES 1959+650, 1ES
06474250, PG 1553+113, etc. These are all known TeV blazars (a type of AGN with jets aligned
with the line-of-sight), and we detected them with more than 5o up to a redshift z ~ 0.45. In this
contribution, we report on light curves and energy spectra of these 5 sources down to energies of
tens of GeV, which is very close to the energy threshold of LST-1.

2. Observation and data analysis method

For the analysis presented in this contribution, we use data collected from July 2020 to May 2022
under dark night conditions. The events are reconstructed with the CTA LST-1 standard method
described in [1]. We performed source-independent (standard) and source-dependent methods for
spectrum analyses. In the source-dependent method, the source position is assumed in random
forest training on Monte Carlo simulations (MCs) and energy resolution improvement is expected
at lower energies [1]. This is also to check systematic uncertainty by analysis methods.

To train the event reconstruction algorithms with random forests, we used MCs for gamma-
rays and protons, following the trajectory along the source declination line (the training MC). To
compute instrument response functions (IRFs), we used MCs for gamma-rays simulated in a grid of
cosine of zenith and the orthogonal component of the geomagnetic field values (the test MC). Data
products (DL3) were produced using all-sky MC with IRFs being calculated using the nearest node
(and also interpolated IRFs) corresponding to the position of the telescope during the observation.

We fit the observed spectrum with exponential cutoff power-law (ECPL) function! for Mrk
421 analysis. It is defined as ¢(E) = ¢o(E/Ey) Vexp(=(1E)?), where ¢ and I" are the flux at
the reference energy Eq and the spectral index, respectively. A parameter is related to the spectrum
cutoff energy. « is fixed as 1 in this analysis. The Ej is obtained by fitting the data points using

thttps://docs.gammapy.org/0.20/modeling/gallery/spectral/plot_exp_cutoff_powerlaw.html
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Table 1: Summary of source observation conditions. Source redshifts are derived from [5-9]. Preliminary
detection significances using total data in observation time periods are described. The significances are
calculated from #? distribution according to Eq. (17) in Li & Ma (1983) [10], with a 62 cut at 0.04 deg” and
without an energy cut in the analysis.

Source Observation date Redshift Observation time Detection
before/after cut (h) significance (o)

Mrk 421 2020 Dec. 12 - 2022 May 23  0.031 68.5/31.9 53
Mrk 501 2020 July 10 - 2022 May 22 0.034 67.2/39.7 21
1ES 1959+650 2020 July 11 - 2022 May 5 0.048 21.3/11.8 13
1ES 0647+250 2020 Dec. 16 - 2020 Dec. 21  0.45+0.05 8.8/8.2 7
PG 15534113 2021 Apr. 8 - 2022 May 23 0.433 12.2/9.9 16

power-law spectral model with the given reference energy and calculating the decorrelation energy
of the fit [2]. The gamma-ray flux is absorbed during propagation due to the interaction with the
extragalactic background light (EBL) via pair production [3]. The fitting function was folded with
the EBL model of Dominguez (2011) [3].

For variable sources (Mrk 421, Mrk 501 and 1ES 1959+650), an average spectrum over the
full time period is not very meaningful. One may utilize the Bayesian block algorithm [4] to
identify time periods of similar spectral emission. We produced a night-wise flux light curve above
100 GeV, applied systematic uncertainty of 6% of the flux values in quadrature to the statistical
uncertainty [1], and use a false alarm probability of 30 to separate the light curve to each block.
A flare event was observed in a certain block of Mrk 421 light curve and we performed a detailed
analysis of the data during the highest flux state, which is shown in section 3.

Detailed information about the data collection in each source can be found in Table 1.

3. Results of Mrk 421

Mrk 421 was observed over 34 nights between 2020 December 12 and 2022 May 23 for a
total observation time of 31.9 h under good conditions. The observations were performed within
a zenith angle range from 9° to 52°. Fig. 1 (left) shows the pointing direction of observation data
runs, training and testing MCs described in section 2.

The distribution of 62, which is the difference between assumed and reconstructed source
position in the camera, of gamma-like events is shown in Fig. 1 (right). We observe events from
circular region around the source position (ON events) and neighboring circular regions in the same
FoV (Background events) to get background-normalized signal events. It shows a clear excess of
ON events compared with background events.

The flux light curve in the data period is plotted in Fig. 2. It shows variability on one-day
timescales and the flux is mainly less than Crab Nebula flux. There was a flaring event reaching ~3
times of Crab Nebula flux on 2022 May 18. The dataset was separated to 12 blocks by the Bayesian
block analysis.

Fig. 3 (left) shows the spectrum energy distribution (SED) on 2022 May 18. The SED was
measured down to tens of GeV and can be fitted by ECPL function folded by the EBL model.
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Figure 1: (left) The pointing direction of data, training and testing MCs of Mrk 421 observation direction.
Each plot for data corresponds to each run, which is 1 wobble observation. (right) % distribution of Mrk 421
total data with intensity larger than 300 photoelectrons, which corresponds to a peak gamma-ray energy of
110 GeV [11]. The cut 0.04 deg? is used to calculate the significance.
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Figure 2: Mrk 421 light curve. Red vertical lines describe Bayesian block edges. Grey horizontal dashed
line and shaded area show Crab Nebula flux and its error for reference, respectively [12]. Blue shaded block
corresponds to the flare event on 2022 May 18.

The SEDs are comparable between the source-independent and source-dependent methods with
extending up to several TeV. We obtained EBL-corrected spectra from the fit result of intrinsic
spectrum model, which is ECPL function in this analysis. Table 2 shows preliminary EBL-
corrected spectrum fit parameters of Mrk 421 data. The parameters of the flare event data on
2022 May 18 with source-independent and source-dependent methods and that of average spectra
of total data (including the flare data) are shown. The spectral index and amplitude of flare data
are 1.86 + 0.05 and (9.06 + 0.36) x107!% cm=2 s=! TeV~! at the reference energy Eq = 0.40 TeV,
respectively, for the source-independent analysis. The flare spectrum is harder than the average
spectrum, where the index and amplitude are 2.23 + 0.03 and (2.54 + 0.06) x10™'% cm =2 s~! TeV~!
at the reference energy Egy = 0.37 TeV, respectively, for the source-independent analysis.

The observed flux with energies larger than 100 GeV exhibited fast variations. Analyzed light
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Figure 3: Plots for Mrk 421 data on 2022 May 18. Blue and red correspond to source-independent and
source-dependent analyses, respectively. The energy-dependent cuts with efficiencies of 70% are used for
event selection [1]. (left) Observed SED. The blue and orange lines show fit functions (ECPL function folded
by the EBL model) of the source-independent and source-dependent analyses, respectively. Grey shaded area
show errors of the fit lines. (right) Intra-night light curve with energies larger than 100 GeV. Grey shows the
Crab Nebula flux as in Fig. 2.

Table 2: Preliminary EBL-corrected spectrum fit parameters of Mrk 421 observed data. Statistical errors
are described.

Data Method Ey I do A
(TeV) x10719em2s7 1 TeV™!)  (TeV)~!
2022 May 18 Source-independent 0.40  1.86+0.05 9.06+0.36 0.29+0.06
2022 May 18 Source-dependent 0.41 1.79+0.07 8.63+0.57 0.36+0.10
Total Source-independent  0.37  2.23+0.03 2.54+0.06 0.38+0.04
Total Source-dependent 0.34 2.23+0.03 3.05+0.08 0.42+0.05

curve with a time binning of 5 min is shown in Fig. 3 (right). The flux changed within 0.7 x 10~°
em™2 571 - 1.4 x 1072 cm™2 s~! for source-independent analysis in about 1 hour observation. The
flux variability timescale study is in progress.

4. Results of other sources

Mrk 501 was observed between 2020 July 10 to 2022 May 22 for a total observation time of
39.7 h after data selection. The preliminary detection significance of total data is 21o~. The light
curve showed variability on one-day timescales and the flux with energies larger than 100 GeV is
mainly less than the Crab Nebula flux. The Bayesian block analysis identified 11 blocks among the
whole time period, while there was not a flare event.

1ES 1959+650 was observed between 2020 July 11 and 2022 May 5 for a total observation
time of 11.8 h after data selection. The preliminary detection significance of total data is 130-. The



Observation of AGN with CTA LST-1 R. Takeishi

observations were performed within a zenith angle range from 36° to 57°, thus we put additional
cuts with effective area smaller than 10% of maximum value, since zenith angle is relatively high
and low effective area at lower energy make larger systematics of background events contamination.
The light curve showed variability with 4 Bayesian blocks, while no flare feature was observed.

1ES 06474250 was observed between 2020 December 15 to 2020 December 20 for a total
observation time of 8.2 h after data selection. The preliminary detection significance of total data
is 7o. PG 1553+113 was observed between 2021 April 7 to 2022 May 23 for a total observation
time of 9.9 h after data selection. The preliminary detection significance of total data is 160. These
sources did not show significant time variation in the whole observation time period. Since these
sources are more distant than other 3 sources, the EBL effect to the spectra is larger. The SEDs of
observed data were best fitted with power-law function folded by the EBL model.

5. Conclusion

In this work, we have reported the observation and data analysis of the blazars Mrk 421, Mrk
501, 1ES 1959+650, 1ES 0647+250 and PG 1553+113 with CTA LST-1. A flare from Mrk 421 was
detected on 2022 May 18 and the spectra were analyzed down to tens of GeV, which is very close
to LST-1 threshold. We performed source-independent and source-dependent analysis methods,
and results were comparable between the two methods. Intra-night variability was seen at energies
greater than 100 GeV for the flare.

LST Acknowledgements
We gratefully acknowledge financial support from the following agencies and organisations:

Conselho Nacional de Desenvolvimento Cientifico e Tecnoldgico (CNPq), Fundagdo de Amparo a Pesquisa do Estado do Rio de
Janeiro (FAPERJ), Fundacao de Amparo a Pesquisa do Estado de Sdo Paulo (FAPESP), Fundagéo de Apoio a Ciéncia, Tecnologia e
Inovagdo do Parand - Fundagdo Araucdria, Ministry of Science, Technology, Innovations and Communications (MCTIC), Brasil;
Ministry of Education and Science, National RI Roadmap Project DO1-153/28.08.2018, Bulgaria; Croatian Science Foundation,
Rudjer Boskovic Institute, University of Osijek, University of Rijeka, University of Split, Faculty of Electrical Engineering, Mechanical
Engineering and Naval Architecture, University of Zagreb, Faculty of Electrical Engineering and Computing, Croatia; Ministry of
Education, Youth and Sports, MEYS LM2015046, LM2018105, LTT17006, EU/MEYS CZ.02.1.01/0.0/0.0/16_013/0001403,
CZ.02.1.01/0.0/0.0/18_046/0016007 and CZ.02.1.01/0.0/0.0/16_019/0000754, Czech Republic; CNRS-IN2P3, the French Programme
d’investissements d’avenir and the Enigmass Labex, This work has been done thanks to the facilities offered by the Univ. Savoie Mont
Blanc - CNRS/IN2P3 MUST computing center, France; Max Planck Society, German Bundesministerium fiir Bildung und Forschung
(Verbundforschung / ErtUM), Deutsche Forschungsgemeinschaft (SFBs 876 and 1491), Germany; Istituto Nazionale di Astrofisica
(INAF), Istituto Nazionale di Fisica Nucleare (INFN), Italian Ministry for University and Research (MUR); ICRR, University of
Tokyo, JSPS, MEXT, Japan; JST SPRING - JPMJSP2108; Narodowe Centrum Nauki, grant number 2019/34/E/ST9/00224, Poland;
The Spanish groups acknowledge the Spanish Ministry of Science and Innovation and the Spanish Research State Agency (AEI)
through the government budget lines PGE2021/28.06.000X.411.01, PGE2022/28.06.000X.411.01 and PGE2022/28.06.000X.711.04,
and grants PID2022-139117NB-C44, PID2019-104114RB-C31, PID2019-107847RB-C44, PID2019-104114RB-C32,
PID2019-105510GB-C31, PID2019-104114RB-C33, PID2019-107847RB-C41, PID2019-107847RB-C43, PID2019-107847RB-C42,
PID2019-107988GB-C22, PID2021-1245810B-100, PID2021-125331NB-100; the “Centro de Excelencia Severo Ochoa" program
through grants no. CEX2019-000920-S, CEX2020-001007-S, CEX2021-001131-S; the “Unidad de Excelencia Maria de Maeztu"
program through grants no. CEX2019-000918-M, CEX2020-001058-M; the “Ramén y Cajal" program through grants
RYC2021-032552-1, RYC2021-032991-1, RYC2020-028639-1 and RYC-2017-22665; the “Juan de la Cierva-Incorporacién" program
through grants no. 1JC2018-037195-1, 1IJC2019-040315-1. They also acknowledge the “Atraccién de Talento" program of Comunidad
de Madrid through grant no. 2019-T2/TIC-12900; the project “Tecnologids avanzadas para la exploracion del universo y sus
componentes" (PR47/21 TAU), funded by Comunidad de Madrid, by the Recovery, Transformation and Resilience Plan from the
Spanish State, and by NextGenerationEU from the European Union through the Recovery and Resilience Facility; the La Caixa
Banking Foundation, grant no. LCF/BQ/PI21/11830030; the “Programa Operativo" FEDER 2014-2020, Consejeria de Economia y
Conocimiento de la Junta de Andalucia (Ref. 1257737), PAIDI 2020 (Ref. P18-FR-1580) and Universidad de Jaén; “Programa
Operativo de Crecimiento Inteligente" FEDER 2014-2020 (Ref. ESFRI-2017-IAC-12), Ministerio de Ciencia e Innovacién, 15%



Observation of AGN with CTA LST-1 R. Takeishi

co-financed by Consejeria de Economia, Industria, Comercio y Conocimiento del Gobierno de Canarias; the “CERCA" program and
the grant 2021SGR00426, both funded by the Generalitat de Catalunya; and the European Union’s “Horizon 2020" GA:824064 and
NextGenerationEU (PRTR-C17.11). State Secretariat for Education, Research and Innovation (SERI) and Swiss National Science
Foundation (SNSF), Switzerland; The research leading to these results has received funding from the European Union’s Seventh
Framework Programme (FP7/2007-2013) under grant agreements No 262053 and No 317446; This project is receiving funding from
the European Union’s Horizon 2020 research and innovation programs under agreement No 676134; ESCAPE - The European Science
Cluster of Astronomy & Particle Physics ESFRI Research Infrastructures has received funding from the European Union’s Horizon
2020 research and innovation programme under Grant Agreement no. 824064.

References

[1] CTA-LST Project, arXiv:2306.12960 (2023)

[2] S.J. Fegan et al., Astrophys. J. 707, 1310-1333 (2009)

[3] A.Dominguez, J. R. Primack, D. J. Rosario ef al., MNRAS 410, 2556 (2011)

[4] J. Scargle et al., The Astrophysical Journal, 764:167 (2013)

[5] M. H. Ulrich, T. D. Kinman, C. R. Lynds, G. H. Rieke, R. D. Ekers, ApJ 198, 261 (1975)

[6] G. de Vaucouleurs, A. de Vaucouleurs, H. G. Corwin Jr. et al., Third Reference Catalogue of
Bright Galaxies (1991)

[7]1 E. S. Perlman, J. T. Stocke, J. F. Schachter, et al., ApJS 104, 251 (1996)
[8] V. A. Acciari et al. (MAGIC Collaboration), A&A 670, A49 (2023)
[9] J. Dorigo Jones et al., MNRAS 509, 4330-4343 (2022)

[10] T.-P. Li, & Y.-Q. Ma, ApJ 272, 317 (1983)

[11] R. Lépez-Coto et al., Proc. 37th ICRC, 806 (2021)

[12] J. Aleksi€ et al., JHEAp 5, 30 (2015)



Observation of AGN with CTA LST-1 R. Takeishi

Full Author List: CTA-LST Project

K. Abe], S. Abez, A. Aguasca—Cabol3, I AgudoA, N. Alvarez Crespos, L. A. Anlonelliﬁ, C. Aramn7, A. Arbethngelss, C. Arcamg, M. Artemlo, K. Asanoz, P. Aubert!! S AL
Baktashlz, A. Bamba]3, A. Baquero LarrivaS'M, L. Bamncellils, U. Barres de Almeidalf’, J. AL Barrios, L Balkovicg, J. Buxterz, J. Becerra Gonzélez”, E. Bemardinig, M.
I BemardosA, J. Bernete Medramyls, A. Bertis, P. Bhuttucharjeel ], N. Biederbecklg, C. Bigongiari6, E. Biss di20, 0. Blanchlo, G. Bonnoli2! , P Burdas3, A. Bulgarellils,
L Burellizz. L. Burmislr0v23, M. Buscemi24, M. Cardillozs, S. Caroff!! L AL Camsié, M. S. Carmsc&)26, F. Cassolzﬁ, D. Cau122, D. Cerasoleﬂ, G. Ceribellas, Y. Chuig, K.
Chengz, A. Chiavassazs, M. Chikﬂwaz, L. Chytkazg, A. Cifuenteslg, J. L. Comrerass, J. Cortinals, H. Costanlini26, M. Dalchenk023, F. Dazzi(’, A. De Angelisg, M. de Bony
de Lavergne] 1 ,B.De Lonozz, M. De Lucia7, R. de Menezeszx, L. Del Peral30, G. Deleglise] 1 ,C. Delgadom, J. Delgado Mengual“ , D. della VolpeZS, M. Dellaiera! ! , A. Di
Piano!, . Di Pierro?8, A. Di Pilato??, R. Di Tria2’, L. Di Venere?’, C. Diaz'8, R. M. Dominik!?, D. Dominis Prester>2, A. Donini®, D. Dorner>>, M. Doro?, L. Eisenberger>-,
D. Els&isserw, G. Emery26, J. Escudero4, V. Fallah Ramazani34, G. Ferrar324, F. Ferrarotto35, A. Fiasson!! *36, L. Foffanozs, L. Freixas Corominals, S. Frbselg, S. Fukamiz, Y.
Fukazawa37, E. Garciall . R. Garcia Lépez”, C. Gasbarra”, D. Gasparrini38, D. Geyerw, J. Giesbrecht Paival(’, N. Giglieuozo, F. Giordan027, P. Gliwny”, N. Godinovic4o, R.
Graum, J. Greenx, D. Greenx, S. Gunji41 ,P. G'Limher33, J. Hackfeld34, D. Hadaschz, A. Hahnx, K. Hashiyamaz, T. Hassanlx, K. Hayashiz, L. Heckmannx, M. Heller23, J. Herrera
Llorenle”, K. Hirolaniz, D. Ho[Tmann26, D. Hornsl2, J. Houles26, M. Hrabovsky29, D. Hrupec42, D. Hui2, M. H'Lillenz, M. Ia.rlori43, R. Imazawa37, T. Inada2, Y. Inomez, K.
Ioka44, M. Iori35, K. Ishio”, L. Jimenez Marlinezls, J. Jurysek45, M. Kagaya2, V. Karas46, H. Kalagiri47, J. Kataoka48, D. Kerszberglo, Y. Kobayashiz, K. Kohri49, A. Kongz,
H. Kubo2, J. Kushida! .M. Lainezs, G. Lamanna!! LA Lamastra(’, T. Le Flour!! .M. Linhofflg, F. Longoso, R. Lépez-Colo4, A. Lépez-Oramas”, S. Loporchi027, A. Lorini®! R
J. Lozano Ba.hilo30, P. L. Luque-EscamillaSZ, P. Majumdar53*2, M. Makariev54, D. Mandat45, M. Mangana.ro32, G. Manic624, K. Mannheim33, M. Mariouig, P. Marquezlo,
G. Marsella24’55, I Marlisz, 0. Maninez%, G. Marl(nezls, M. Marlinezlo, A. Mas-Aguilaxj, G. Maurin! l, D. Mazinz’g, E. Mestre Guillenjz, S. Micanovic32, D. Micelig,
T. Mieners, J. M. Mirandajﬁ, R. Mirzoyans, T. Mizun057, M. Molero Gonzalez”, E. Molina3, T. Monlaruli23, I Monteiro“, A. Moralejolo, D. Morcuendes, A. Morselli38,
V. Moya®, H. Muraishi®®, K. Murase?, S. Nagataki>?, T. Nakamori#!, A. Neronov®®, L. Nickel!%, M. Nievas Rosillo!?, K. Nishijima!, K. Noda2, D. Nosek®!, S. Nozaki®, M.
Ohishi2, Y. Ohtani2, T. Oka®2, A. Okumura®:04, R. Orito®, J. Otero-Santos!”, M. Palatiello?2, D. Paneque®, F. R. Pantaleo??, R. Paoletti®!, J. M. Paredes®, M. Pech?3:29 M.
Pecimotika32, M. Peresanozg, F. Pfeiﬂ1e33, E. Pietropaolosé, G. Pirolas. C. Plard! l, F. Podobnikﬂ, V. Poireau! l, M. Polols, E. Pons! 1. E. Prandinig, J. Prast!! ,G. PrincipeSO,
C. Priyadarshilo, M. Prouza45, R. Randog, W. Rhodelg, M. Ribé3, C. RighiZI, V. Rizi66, G. Rodriguez Fernandez38, M. D. Rodriguez Frias30. T. Sailoz, S. Sakuraiz, D. A.
Sanchez!! ,T. §aric’40, Y. Sa1067, F.G. Satumié, V. Savchenkoéo, B. Schleicher33, F. Schmuckermaierg, J.L. Schubertlg, F. Schussler68, T. Schweizerg, M. Seglar Arroyo1 1 ,T.
Siegert33, R. Si]via27, J. Sitarek39, V. Sliusarﬁg, A. Spolong, J. Striékovic'424, M. Strzysz, Y. Suda37, H. Tajima63, M. Takahashi63, H. Takahashi37, J. Takataz, R. Takeishiz, P.H.
T. Tamz, S. L. Tanaka67, D. Tateishi70, P. Temnikov54, Y. Terada70, K. TerauchiGz, T. Terzic32, M. Teshimas’z, M. Tluczykontlz, F. Tokanai“, D.FE Torres71, P. Travnicek45,
S. TruzziSI, A. Tutonc6, M. Vacu1329, P. Vallaniazs, J. van Schcrpcnbcrgg, M. Vizquez Acosta”, I Vialcg, A. Viglianozz, C.F. Vigoritozs'n, V. Vitalc38, G. Voutsina523, I
Vovkz, T. Vuillaume!! .R. Waltcr69, 7. Weil M. Wills, T. Yamamoto73, R. Yamazaki67, T. Yoshida47, T. Yoshikoshiz, N. Zywucka39

IDepartment of Physics, Tokai University. 2Institute for Cosmic Ray Research, University of Tokyo. 3Departa\ment de Fisica Quantica i Astrofisica, Institut de Ciéncies del
Cosmos, Universitat de Barcelona, IEEC-UB. 4nstituto de Astrofisica de Andalucia-CSIC. SEMFTEL department and IPARCOS, Universidad Complutense de Madrid. OINAF -
Osservatorio Astronomico di Roma.  INFN Sezione di Napoli. 8Max-Planck-Institut fiir Physik. 9INFN Sezione di Padova and Universita degli Studi di Padova. 101nstitut de Fisica
d’Altes Energies (IFAE), The Barcelona Institute of Science and Technology. ”LAPP, Univ. Grenoble Alpes, Univ. Savoie Mont Blanc, CNRS-IN2P3, Annecy. ]ZUniversiliil
Hamburg, Institut fiir Experimentalphysik. 13 Graduate School of Science, University of Tokyo. 14Universidad del Azuay. I5INAF - Osservatorio di Astrofisica e Scienza dello
spazio di Bologna. 16Centro Brasileiro de Pesquisas Fisicas. Tnstituto de Astrofisica de Canarias and Departamento de Astrofisica, Universidad de La Laguna. I18CIEMAT.
19Departmem of Physics, TU Dortmund University. 20INEN Sezione di Bari and Politecnico di Bari. 2/ INAF - Osservatorio Astronomico di Brera. 22INEN Sezione di Trieste
and Universita degli Studi di Udine. 23 University of Geneva - Département de physique nucléaire et corpusculaire. 24INFN Sezione di Catania. 22 INAF - Istituto di Astrofisica
e Planetologia Spaziali (IAPS). 26 Aix Marseille Univ, CNRS/IN2P3, CPPM. 27INEN Sezione di Bari and Universita di Bari. 28INFN Sezione di Torino. 22Palacky University
Olomouc, Faculty of Science. 3()University of Alcald UAH. 3! Port d’Informacié Cientifica. 32University of Rijeka, Department of Physics. 33nstitute for Theoretical Physics
and Astrophysics, Universitit Wiirzburg. 34nstitut fiir Theoretische Physik, Lehrstuhl IV: Plasma-Astroteilchenphysik, Ruhr-Universitit Bochum. 35INFN Sezione di Roma La
Sapienza. 3(’ILANCE, CNRS .7 Physics Program, Graduate School of Advanced Science and Engineering, Hiroshima University. 38INFN Sezione di Roma Tor Vergata. 39 Faculty
of Physics and Applied Informatics, University of Lodz. 4[)Universily of Split, FESB. 41Departmem of Physics, Yamagata University. 42Josip Juraj Strossmayer University of
Osijek, Department of Physics. 43INFN Dipartimento di Scienze Fisiche e Chimiche - Universita degli Studi dell’Aquila and Gran Sasso Science Institute. 4 Yukawa Institute for
Theoretical Physics, Kyoto University. 45FZU - Institute of Physics of the Czech Academy of Sciences. 46 Astronomical Institute of the Czech Academy of Sciences. 47Facully
of Science, Ibaraki University. 48Fa(:ully of Science and Engineering, Waseda University. “nstitute of Particle and Nuclear Studies, KEK (High Energy Accelerator Research
Organization). SOINFN Sezione di Trieste and Universita degli Studi di Trieste. STINFN and Universita degli Studi di Siena, Dipartimento di Scienze Fisiche, della Terra e
dell’Ambiente (DSFTA). 52Escuela Politécnica Superior de Jaén, Universidad de Jaén. 53 Saha Institute of Nuclear Physics. S541nstitute for Nuclear Research and Nuclear Energy,
Bulgarian Academy of Sciences. 55Dipanimemo di Fisica e Chimica 'E. Segre’ Universita degli Studi di Palermo. 5(’Grupe de Electronica, Universidad Complutense de Madrid.
5THiroshima Astrophysical Science Center, Hiroshima University. 58 School of Allied Health Sciences, Kitasato University. 59RIKEN, Institute of Physical and Chemical Research.
6C’Labomtory for High Energy Physics, Ecole Polytechnique Fédérale. 61 Charles University, Institute of Particle and Nuclear Physics. 62Division of Physics and Astronomy,
Graduate School of Science, Kyoto University. 63 Institute for Space-Earth Environmental Research, Nagoya University. 64 Kobayashi-Maskawa Institute (KMI) for the Origin of
Particles and the Universe, Nagoya University. 65 Graduate School of Technology, Industrial and Social Sciences, Tokushima University. 66 INFN Dipartimento di Scienze Fisiche
e Chimiche - Universita degli Studi dell’Aquila and Gran Sasso Science Institute. 67Department of Physical Sciences, Aoyama Gakuin University. 68IRFU, CEA, Université
Paris-Saclay. 69Deparlmenl of Astronomy, University of Geneva. 70Graduate School of Science and Engineering, Saitama University. THnstitute of Space Sciences (ICE-CSIC),
and Institut d’Estudis Espacials de Catalunya (IEEC), and Instituci6 Catalana de Recerca I Estudis Avancats (ICREA). 72 Dipartimento di Fisica - Universita degli Studi di Torino.
3Dcpartmcnt of Physics, Konan University.



	Introduction
	Observation and data analysis method
	Results of Mrk 421
	Results of other sources
	Conclusion

