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The Cherenkov Telescope Array Observatory

® Cherenkov Telescopes trace the most extreme events in the Universe, detecting photons in the TeV
energy range.

® These photons interact with the Earth atmosphere and produce a flash of light, that is captured by
the telescopes and then analyzed to understand the origin of the emission.

® Several Cherenkov telescopes already exist (MAGIC, HESS, VERITAS...), but CTA will be
revolutionary both in terms of science and in terms of public access to the data.

® Array of telescopes of different sizes and two locations: La Palma (North) Chile (South). First
Large-Size Telescope (LST-1) already observing; structures ready by ~2027.

® Many nations involved, important role of Italy (INAF, INFN, several universities).

Together, the northern and southern CTAO arrays will constitute the CTAO, which will be the first ground-based
gamma-ray observatory open to the world-wide astronomical and particle physics communities as a resource for
data from unique high-energy astronomical observations. The CTAO will be operated as an open, proposal-driven
observatory for the first time in very high-energy astronomy. This is expected to significantly boost the scientific
output of the CTAO by engaging a much wider research community.

Additionally, the CTAO will feed its data into a virtual observatory, which will allow scientists to probe multiple data
centres seamlessly and transparently, provide analysis and visualization tools and give other observatories a
standard framework for publishing and delivering services using their data.




PROCEEDINGS

OF SCIENCE

Toward a Public MAGIC Gamma-Ray Telescope
Legacy Data Portal

M. Doro¢, C. Nigro¢, E.Prandini¢, A. Tramacere’, M. Delfino<, J. Delgado<“, E. do
Souto?, L. Jouvin¢, J. Ricoc for the MAGIC Collaboration*

The MAGIC telescopes are one of the three major IACTs (Imaging Atmospheric Cherenkov Tele-
scopes) for observation of gamma rays in the TeV regime currently operative. MAGIC functions
since 2003, and has published data from more than 60 sources, mostly blazars. MAGIC already
provides astronomical . fits files with basic final scientific products such as spectral energy
distributions, light curves and skymaps from published results. In future, the format of the files
can be complemented with further relevant information to the community: a) by including the full
multi-wavelength dataset enclosed in a publication, b) providing data in alternative easy-to-use
formats such as ASCII or ECSV, which are accessible with other commonly used packages such
as astropy or gammapy. Finally, besides high level products, activities have started to provide
photon event lists and instrument response functions in a format such that scientists within and
outside the community are allowed to perform higher level analysis. A second aim is to provide
a full legacy of MAGIC data. This contribution will illustrate the achievements and plans of this
activity.

3 Doro et al. (2019)



Towards a public archive of extragalactic
sources studied by MAGIC

® During the years, MAGIC has studied a
significant number of extragalactic sources
in the most extreme energy range.

® However, as of today, no public archive for
both TeV and multiwavelength products
exists for MAGIC: currently, only a page
with fits files is available (http:/ /
vobs.magic.pic.es/fits/)

® Other collaborations: VERITAS has archive
publicly accessible on HEASARC.

® H.E.S.S.: built an online repository
containing fits file and list of information
in each paper.
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A first effort: STeVECat

STeVECat, the Spectral TeV Extragalactic Catalog

Lucas Gréaux,** Jonathan Biteau,” Tarek Hassan,? Olivier Hervet,© Mireia Nievas
Rosillo?¢ and David A. Williams¢

The three main collaborations operating the current generation of imaging atmospheric Cherenkov
telescopes (IACTs: H.E.S.S., MAGIC, VERITAS) publish their gamma-ray data in different
formats and repositories. Extragalactic sources are highly variable at very-high energies (VHE,
E > 100 GeV), and a unified repository would enable joint analyses of collections of extragalactic
VHE spectra. To this aim, we have developed the Spectral TeV Extragalactic Catalog, STeVECat,
which gathers high-level products of IACT observations from 1992 to 2021. We selected all
publications in journals referenced in TeVCat that presented archival spectra with at least two
points. We compiled the corresponding spectral data and formatted them following the convention
adopted in available public repositories (GammaCat and VTSCat). In addition to spectral points
with associated physical units, we provide meta-data featuring observation periods, livetime,
excess counts over background and significance, as well as the coordinates, types and redshifts of
the sources whenever available. STeVECat combines observations from 173 journal publications,
compared to 72 in the previous reference compilation of extragalactic gamma-ray spectra (Biteau
& Williams, 2015). STeVECat is the most extensive set of VHE extragalactic spectra collected so
far, with 403 spectra from 73 sources. The full catalog can readily be loaded with GammaPy, the
Science Analysis Tool selected by the Cherenkov Telescope Array Observatory. Our compilation
efforts enable population studies of extragalactic gamma-ray sources, studies of the GeV-TeV

connection, and studies of absorption on the extragalactic background light.

5 arXiV:2304.00835



A first effort: STeVECat

® Contains >100 GeV spectra from 173 publications

® Overall, 403 observations of 73 sources

® Data from MAGIC, H.E.S.S., Veritas
® Data formatted using the GammaCat and VTSCat standards
® Usable with GammaPy

Sky-map of STeVECat sources
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The next step: a more comprehensive effort

® While STeVECat represents an important step forward towards
a public data library for TeV-detected extragalactic sources,
there is further information that it is important to make
accessible to the community.



The next step: a more comprehensive effort

® While STeVECat represents an important step forward towards
a public data library for TeV-detected extragalactic sources,
there is further information that it is important to make
accessible to the community.

1. Multi-wavelength light curves

7 MAGIC collaboration (2023)



The next step: a more comprehensive effort
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The next step: a more comprehensive effort

® While STeVECat represents an important step forward towards
a public data library for TeV-detected extragalactic sources,
there is further information that it is important to make
accessible to the community:.

1. Multi-wavelength light curves

2. Multi-wavelength SEDs

7 MAGIC collaboration (2023)



The next step: a more comprehensive effort

® While STeVECat represents an important step forward towards
a public data library for TeV-detected extragalactic sources,
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The next step: a more comprehensive effort

® While STeVECat represents an important step forward towards
a public data library for TeV-detected extragalactic sources,
there is further information that it is important to make
accessible to the community:.

1. Multi-wavelength light curves

2. Multi-wavelength SEDs

® Our project aims at including both these datasets in a public
repository.

7 MAGIC collaboration (2023)



The project: all files in a common language

® Working on having all information from MAGIC papers in ecsv

format
# %ECSV 0.9
# [
# datatype:
# — {name: srcname , unit: latex , datatype: str , description: Source name }
# — {name: t , unit: mjd , datatype: float32 , description: Time of measurement }
# — {name: t_wlo , unit: d , datatype: float32 , description: Lower width of time bin }
# — {name: t_wup , unit: d , datatype: float32 , description: Upper width of time bin }
# — {name: t_exp , unit: h , datatype: float32 , description: Exposure time }
# — {name: flux , unit: erg cm-2 s-1, datatype: float32 , description: Flux measured above the energy threshold }
# — {name: flux_elo , unit: erg cm-2 s-1, datatype: float32 , description: Lower uncertainty of flux }
# — {name: flux_eup , unit: erg cm-2 s-1, datatype: float32 , description: Upper uncertainty of flux }
# — {name: eth_lo , unit: GeV, datatype: float32 , description: Assumed lower energy threshold for integral flux calculation}
# — {name: eth_up , unit: GeV, datatype: float32 , description: Assumed upper energy threshold for integral flux calculation}
# — {name: instrument, unit: latex , datatype: str , description: Instrument }
# — {name: dataformat, unit: latex , datatype: str , description: Data Format }
# — {name: comments , unit: latex , datatype: str , description: Comments }
# meta: !l!omap
# — {Filename: magic_2023a_figla_lc.ecsv}
# — {Source: "1ES0647+250"}
# — {Figure: "Figure 1, panel a (first from top) in the paper."}
# — {Title: "Long-term multi-wavelength study of 1ES 0647+250"}
# — {Comments: "Datapoints from MAGIC light curves in the >100 GeV band. Four MAGIC Epochs: E1 (2009-2011); E2 (2014); E3 (2019); E4 (2020)."}
# — {Reference: "magic_2023a.yaml"}
# — {Status: "To be checked"}
# schema : astropy -2.0

srcname; t; t_wlo; t_wup; t_exp; flux; flux_elo; flux _eup; eth_lo; eth_up; instrument; dataformat; comments

1ES0647+250; 55146.7; 15.0; 15.0; 26.7; 1.4584e-11; 6.9553e-12; 2.2213e-11; 100; nan; MAGIC; Detection with lsigma uncertainty;

1ES0647+250; 55214.6; 15.0; 15.0; 26.7; 3.0383e-12; -2.3114e-12; 8.3880e-12; 100; nan; MAGIC; Detection with 1sigma uncertainty;
1ES0647+250; 55486.2; 15.0; 15.0; 26.7; 2.5311le-12; -5.7831e-12; 1.0845e-11; 100; nan; MAGIC; Detection with 1sigma uncertainty;
1ES0647+250; 55511.2; 15.0; 15.0; 26.7; 5.9355e-12; 4.2397e-13; 1.1447e-11; 100; nan; MAGIC; Detection with 1lsigma uncertainty;

1ES0647+250; 55553.6; 15.0; 15.0; 26.7; 3.2179e-12; -2.4794e-12; 8.9152e-12; 100; nan; MAGIC; Detection with 1lsigma uncertainty;
1ES0647+250; 55579.6; 15.0; 15.0; 26.7; 1.2031e-11; 8.2895e-12; 1.5773e-11; 100; nan; MAGIC; Detection with 1lsigma uncertainty;

| 1IES0647+250; 55609.0; 15.0; 15.0; 26.7; 1.0295e-11; 5.8805e-12; 1.4710e-11; 100; nan; MAGIC; Detection with 1lsigma uncertainty;
1ES0647+250; 56986.7; 0.5; 0.5; 2.2; 1.6197e-11; 8.3707e-12; 2.4024e-11; 100; nan; MAGIC; Detection with 1lsigma uncertainty;
1ES0647+250; 58820.1; 1.1; 1.1; 2.7; 3.8193e-11; 2.9386e-11; 4.7000e-11; 100; nan; MAGIC; Detection with 1sigma uncertainty;
1ES0647+250; 59203.2; 5.1; 5.1; 13.5; 6.7278e-11; 6.3284e-11; 7.1271e-11; 100; nan; MAGIC; Detection with 1sigma uncertainty;
1ES0647+250; 55146.7; 15.0; 15.0; 26.7; 4.4196e-11; -9.9000e+01; -9.9000e+01; 100; nan; MAGIC; 95% confidence upper limit;
1ES0647+250; 55214.6; 15.0; 15.0; 26.7; 1.7989%e-11; -9.9000e+01; -9.9000e+01; 100; nan; MAGIC; 95% confidence upper limit;
1ES0647+250; 55486.2; 15.0; 15.0; 26.7; 2.3708e-11; -9.9000e+01; -9.9000e+01; 100; nan; MAGIC; 95% confidence upper limit;
1ES0647+250; 55511.2; 15.0; 15.0; 26.7; 2.3548e-11; -9.9000e+01; -9.9000e+01; 100; nan; MAGIC; 95% confidence upper limit;
1ES0647+250; 55553.6; 15.0; 15.0; 26.7; 1.9198e-11; -9.9000e+01; -9.9000e+01; 100; nan; MAGIC; 95% confidence upper limit;



The project: all files in a common language

® One yaml file for each paper

® All files will be uploaded on online repository (currently gitlab, but we will look
for public repositories from our institutions), with additional material (Jupyter
codes to plot and analyze the data, readme files summarizing the papers...)

File_info:

Fdate = 20230404

Fvers =1

Fgen = Stefano Marchesi stefano.marchesiQfunibo.it
Fmail = contact.magic@mpp.mpg.de

Flink = <link_to_thisfile_repository>

Fstatus = "In preparation"

Paper info:
Ptitle: "Long-term multi-wavelength study of 1ES 0647+250"
Pref : "Astronomy & Astrophysics, Volume 670, id.A49, 20 pp."
Pdoi: "10.1051/0004-6361/202244477"
Parxiv: "https://https://arxiv.org/abs/2211.13268"
Pcoll: magic, externals
Pcauthor: Jorge Otero-Santos; Daniel Morcuende; Vandad Fallah Ramazani; Daniela Dorner; David Paneque
Pfauthor: Acciari, V. A.; Aniello, T.; Ansoldi, S.; Antonelli, L. A.; Arbet Engels, A.; Arcaro, C.; Artero, M.; Asano, K.; Baack, D.; Babic, A.; Baquero, A.;
Barres de Almeida, U.; Barrio, J. A.; Batkovic, I.; Becerra Gonzalez, J.; Bednarek, W.; Bernardini, E.; Bernardos, M.; Berti, A.; Besenrieder, J.;
Bhattacharyya, W.; Bigongiari, C.; Biland, A.; Blanch, 0.; Bokenkamp, H.; Bonnoli, G.; Bovsnjak, Z.; Burelli, I.; Busetto, G.; Carosi, R.;
Carretero-Castrillo, M.; Ceribella, G.; Chai, Y.; Chilingarian, A.; Cikota, S.; Colombo, E.; Contreras, J. L.; Cortina, J.; Covino, S.; D'Amico, G.; D'Elia,
V.; da Vela, P.; Dazzi, F.; de Angelis, A.; de Lotto, B.; Del Popolo, A.; Delfino, M.; Delgado, J.; Delgado Mendez, C.; Depaoli, D.; di Pierro, F.; di Venere,
L.; Do Souto Espineira, E.; Dominis Prester, D.; Donini, A.; Dorner, D.; Doro, M.; Elsaesser, D.; Emery, G.; Fallah Ramazani, V.; Farina, L.; Fattorini, A.;
Font, L.; Fruck, C.; Fukami, S.; Fukazawa, Y.; Garcia Lopez, R. J.; Garczarczyk, M.; Gasparyan, S.; Gaug, M.; Giesbrecht Paiva, J. G.; Giglietto, N.;
Giordano, F.; Gliwny, P.; Godinovic, N.; Green, J. G.; Green, D.; Hadasch, D.; Hahn, A.; Hassan, T.; Heckmann, L.; Herrera, J.; Hrupec, D.; Hutten, M.; Inada,
T.; Iotov, R.; Ishio, K.; Iwamura, Y.; Jimenez Martinez, I.; Jormanainen, J.; Kerszberg, D.; Kobayashi, Y.; Kubo, H.; Kushida, J.; Lamastra, A.; Lelas, D.;
Leone, F.; Lindfors, E.; Linhoff, L.; Lombardi, S.; Longo, F.; Lopez-Coto, R.; Lopez-Moya, M.; Lopez-Oramas, A.; Loporchio, S.; Lorini, A.; Lyard, E.; Machado
de Oliveira Fraga, B.; Majumdar, P.; Makariev, M.; Maneva, G.; Manganaro, M.; Mangano, S.; Mannheim, K.; Mariotti, M.; Martinez, M.; Mas Aguilar, A.; Mazin,
D.; Menchiari, S.; Mender, S.; Micanovic, S.; Miceli, D.; Miener, T.; Miranda, J. M.; Mirzoyan, R.; Molina, E.; Mondal, H. A.; Moralejo, A.; Morcuende, D.;
Moreno, V.; Nakamori, T.; Nanci, C.; Nava, L.; Neustroev, V.; Nievas Rosillo, M.; Nigro, C.; Nilsson, K.; Nishijima, K.; Njoh Ekoume, T.; Noda, K.; Nozaki,
S.; Ohtani, Y.; Oka, T.; Otero-Santos, J.; Paiano, S.; Palatiello, M.; Paneque, D.; Paoletti, R.; Paredes, J. M.; Pavletic, L.; Persic, M.; Pihet, M.;
Podobnik, F.; Prada Moroni, P. G.; Prandini, E.; Principe, G.; Priyadarshi, C.; Puljak, I.; Rhode, W.; Ribo, M.; Rico, J.; Righi, C.; Rugliancich, A.;
Sahakyan, N.; Saito, T.; Sakurai, S.; Satalecka, K.; Saturni, F. G.; Schleicher, B.; Schmidt, K.; Schmuckermaier, F.; Schubert, J. L.; Schweizer, T.; Sitarek,
J.; Sliusar, V.; Sobczynska, D.; Spolon, A.; Stamerra, A.; Strivskovic, J.; Strom, D.; Strzys, M.; Suda, Y.; Suric, T.; Takahashi, M.; Takeishi, R.;
Tavecchio, F.; Temnikov, P.; Terzic, T.; Teshima, M.; Tosti, L.; Truzzi, S.; Tutone, A.; Ubach, S.; van Scherpenberg, J.; Vanzo, G.; Vazquez Acosta, M.;
Ventura, S.; Verguilov, V.; Viale, I.; Vigorito, C. F.; Vitale, V.; Vovk, I.; Walter, R.; Will, M.; Wunderlich, C.; Yamamoto, T.; Zaric, D.; Acosta-Pulido, J.
A.; D''Ammando, F.; Hovatta, T.; Kiehlmann, S.; Liodakis, I.; Leto, C.; Max-Moerbeck, W.; Pacciani, L.; Perri, M.; Readhead, A. C. S.; Reeves, R. A.;
Verrecchia, F.
Pads: 2023A&A...670A..49M
Pinspire :
Targets in file:
Tpname®l: 1ES 0647+250
Taname®@1:
File list MAGIC:
magic_2023a_figla_lc.ecsv
magic_2023a_fig6_sed.ecsv
Other files:
magic_2023a_figlb_lc.ecsv
magic_2023a_figld_lc.ecsv
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The project: making the dataset available to Open Public Tools

® The files will also be made accessible by public
tools for the multi-wavelength analysis of
blazars, such as the Open Universe VOU-
Blazars one (https:/ /sites.google.com/view/
ou4blazars), the SSDC-ASI TeGeVCat (https://
www.ssdc.asi.it/tgevcat/) and Firmamento
(https:/ /firmamento.hosting.nyu.edu/
data_access)

® These tools allow one to produce spectral
energy distributions of a source interest (which
can be a known blazar as well as a new
candidate target), and model them to get
information on the SED properties
(synchrotron peak location, variability...)

® Firmamento already includes information on
CTA expected sensitivity as well: powerful tool
to make predictions.

SED graph from Voublazars
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Conclusions

® MAGIC has now studied a significant number of extragalactic sources, and a
public archive with all multiwavelength information reported in papers
would significantly help the community:.

® Multiple possibilities: reanalysis including new observations and/or new
datasets, systematic studies of population of sources, reference for future
observatories such as CTA (both for simulations and for candidates to
prioritize in future observations).

® We are currently working on putting all the multiwavelength (SEDs, light
curves) reported in MAGIC extragalactic papers in a universal format, to then
report all the files in a public repository (gitlab). It would also be key to make
these datasets open and available in the repositories of our institutions.

® Help of the community would be key for the success of this project: for
example, providing access to datasets in ascii/fits format to ease the
conversion process (in the future, we envision the release of the data to
become a standard procedure when publishing a paper).

® Contacts: Michele Doro (michele.doro@unipd.it); Stefano Marchesi
(stefano.marchesi@unibo.it); Elisa Prandini (elisa.prandini@unipd.it)
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