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Summary. — The Pierre Auger Observatory is the world’s largest cosmic-ray ob-
servatory. Updated results on the search for ultra-high energy photons and neutrinos
in the EeV (1 EeV= 1018 eV) energy range are presented. Ultra-high energy photons
can be produced either in the interactions with the cosmic microwave background
or by the decay of hypothetical super-massive particles. Ultra-high energy neutrinos
may arise from astrophysical sources due to hadronic interactions in the surrounding
matter. The reached sensitivity is shown to be better (for photons) or comparable
(for neutrinos) to other detectors.

1. — Introduction

Ultra-high energy (UHE) neutrinos and photons are probes to explore the origin of
cosmic rays at the highest energy. Nuclei produced in astrophysical sources and interact-
ing with the extra-galactic background during their propagation are expected to generate
fluxes of neutrinos and photons. Thus, the search for these particles can pose constraints
on the origin and propagation of the ultra-high energy cosmic rays. We report here the
current upper limits on the diffuse fluxes of neutrinos [1] and photons [2] as obtained
at the Pierre Auger Observatory. The Observatory combines a surface detector (SD),
composed of a grid of water-Cherenkov stations, with a fluorescence detector (FD). The
SD covers an area of ~3000 km? and it samples secondary shower particles at the ground
level, while the FD measures the longitudinal development of a shower [3] propagating
through the atmospehere. The FD can measure only during nights with a low moon
fraction and good atmospheric conditions, yielding a duty cycle of about 15%. The SD
instead has a duty cycle of 100%.

(*) Observatorio Pierre Auger, Av. San Martin Norte 304, 5613 Malargiie, Argentina. Full
author list available at http://www.auger.org/archive/authors_2019_04.html.
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2. — Search method and results

UHE neutrinos and photons, with energies above 1EeV and 10EeV, respectively,
can be detected with SD. Instead, the search for photons with energy below 10 EeV is
performed using the hybrid operation mode (the FD in combination with SD). Both FD
and SD observables are identified using simulations of air showers, on the basis of the
expected physical differences between signal and background.

Showers initiated by neutrinos can be identified by selecting signals with a large elec-
tromagnetic (e.m.) component in the events with zenith angle larger than 60°. This
signature is almost background-free since, for inclined events, the electromagnetic parti-
cles in showers initiated by UHE nuclei and photons are almost completely absorbed by
the atmosphere. The key observable sensitive to the electromagnetic component is the
ratio of the signal trace integral over its peak value, AoP (AoP is large for events with
dominant electromagnetic component) [4].

Shower initiated by photons are characterized by a lower content of muons and a
larger atmospheric depth at the shower maximum, X .. The measurement at energies
above 10 EeV, presented in [5], is performed for showers within the zenith angle range
30° < 0 < 60° using two estimators: the deviation of the measured signals from the
average lateral distribution function derived from the Auger SD-data and the signal
risetime (defined as the time difference between the 50% and 10% quantiles of the signal
trace). These parameters are sensitive both to the composition of the shower (a larger
e.n. component implies an increase of the risetime) and to Xy,ax. At energies below
10 EeV the number of SD stations in an event is too small to have a significant separation
between signal and background. The increase in the event statistics allows us to use the
FD precision measurements. The separation is performed with a multivariate analysis [6]
using events with zenith angle 6 < 60°.

In fig. 1, the current upper limits on the diffuse flux of neutrinos are shown on the
left [1] while upper limits on the diffuse flux of photons for the SD-based (E > 10EeV)
and hybrid-based (E < 10EeV) analyses are shown on the right [2]. The reached sen-
sitivity, profiting from about 15 years of accumulated data, makes these results an un-
precedented record in the field and provides stringent upper limits to astrophysical and
dark matter scenarios.
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Fig. 1. — Current upper limits on the diffuse fluxes of neutrinos (left) [1] and photons (right) [2].



SEARCH FOR NEUTRINO AND PHOTON PRIMARY PARTICLES IN THE EeV ENERGY ETC.

REFERENCES

PEDREIRA F. for the PIERRE AUGER COLLABORATION, PoS, ICRC2019 (2020) 979.
RAUTENBERG J. for the PIERRE AUGER COLLABORATION, PoS, ICRC2019 (2020) 398.
THE PIERRE AUGER COLLABORATION, Nucl. Instrum. Methods A, 798 (2015) 172.

THE PIERRE AUGER COLLABORATION, JCAP, 10 (2019) 022.

BLEVE C. for the PIERRE AUGER COLLABORATION, PoS, ICRC2015 (2016) 1103.

THE PIERRE AUGER COLLABORATION, JCAP, 04 (2017) 009.



The Pierre Auger Collaboration

A. Aab”? , P. Abreu67, M. Aglietta50’49, LEM. Albuquerquelg, J.M. Alburylz, I. Allekottel, A. Almela&“,

J. Alvarez Castillo63, J. Alvarez-Muﬁiz74, G.A. Anastasi42’43, L. Anchordoquigz, B. Andradag,

S. Andringa67, C. Aramo47, H. Asoreyl’zg, P. Assis67, G. AVila9°10, AM. Badescu70, A. Bakalova30,

A. Balaceanu68, F. Barbato® 6’47, R.J. Barreira Luz67, S. Baur37, K.H. Becker? , LA, Bellidolz, C. Berat34,
M.E. Bertaina>®#, X. Bertou!, P.L. Biermann®, J. Biteau’?, A. Blanco®’, J. Blazek3’, C. Bleve®>*,

M. Bohééové30, D. Bonci01i42’43, C. Bonifazi24, N. Borodai64, AM. Botti8’37, J. Brack®, T. Bretz39,

A. Bridgeman36, F.L. Briechle??, P. Buchholz*!, A. Bueno’3, S. Buitink!4, M. Buscemi***4, K.S. Caballero-
Mora62, L. Caccianigass, L. Calcagni4, A. Cancioll’g, F. Canfora75’77, L. Caracas35, JM. Carceller73,

R. CarusoS4’44, A. Castellina50’49, F. Catalani”, G. Cataldi® , L. Cazon67, M. Cerdag, JA. Chinellatozo,

K. Ch0i13, J. Chudoba30, L. Chytka31, R.W. Claylz, A.C. Cobos Cerutti7, R. Colali11056’47, A. Colemangg,
M.R. Coluccia52’45, R. Conceigﬁom, A. Condorelli42’43, G. Consolati46’51, F. Contreras9’10,

F. Convenga52’45, M.J. Cooperlz, S. Coutu86, C.E. Covaultgo’h, B. Danielzo, S. Dassos’3, K. Daumiller37,
B.R. Dawsonlz, JA. Daylz, R.M. de Almeida26, S.J. de Jong75’77, G. De Mauro75’77, J.R.T. de Mello
Net024’25, I. De Mitri42’43, J. de Oliveiraz6, V. de Souzalg, J. Debatin36, M. del Riolo, 0. Deligny32,

N. Dhital64, M.L. Diaz Castrozo, F. Di0g067, C. Dobrigkeitzo, J.C. D'Olivo63, Q. Dorosti‘“, R.C. dos
Anj0s23, M.T. Dova4, A. Dundovic40, J. Ebr30, R. Engel36’37, M. Erdmann39, C.O. Escobar®,

A. Etchegoyen&“, H. Falcke”® ’78’77, J. Farmer87, G. Farrar® ,A.C.F authzo, N. Fazzini®, F. Feldbusch? 8,

F. Fenu’ 8’49, L.P. Ferreyrog, JM.F igueirag, A. Filipéién’ﬂ, M.M. Freire6, T. Fujii87’f, A. Fusterg’“,

B. Garcia7, H. Gemmeke38, F. Gesualdig, A. Gherghel-Lascu68, P.L. Ghia32, U. Giaccarils,

M. Giammarchi*®, M. Giller®, D. Glas®®, J. Glombitza3?, F. Gobbi’, G. Golup!, M. Gémez Berisso',

P.F. Gomez Vitale9’10, J.P. Gongora9, N. Gonzélezg, L. Goosl’37, D. Géra64, A. Gorgi50’49, M. Gottowik35,
T.D. Grubblz, F. Guarin056’47, G.P. Guedesm, E. Guido49’58, S. Hahn37, R. Hallidaygo, M.R. Hampelg,

P. Hansen4, D. Hararil, T.A. Harrisonlz, V.M. Harveylz, A. Haungs37, T. Hebbeker”, D. Heck37,

P. Heimann‘“, G.C. Hilllz, C. Hojvat®, E.M. Holt36’8, P. Homola64, J.R. Hérandel75’77, P. Horvath31,

M. Hrabovsk}'/31, T. Huege37’14, J. Hulsman8’37, A. Insolia54’44, P.G. Isar69, I. Jandt35, JA. Johnsengl,

J. Jurysek30, A. Kéiéipéi35 , K.H. Kamper‘[35 , B. Keilhauer37, N. Kemmerich19, J. Kemp39, H.O. Klages37,

M. Kleifges3 8, L. Kleinfeller9, D. Kuempel35 , G. Kukec Mezek7l, A. Kuotb Awad36, B.L. Lag016,

D. LaHurng, R.G. Langlg, R. Legumina65, M.A. Leigui de Oliveirazz, V. Lenok37, A. Letessier-Selvon33,
L. Lhenry-YV0n32, O.C. LippmannlS, D. Lo Presti54’44, L. Lopes67, R. L(’)pezsg, A. Lopez Casad074,

R. Lorekgo, Q. Luce36, A. Lucerog, M. Malacari87, G. Mancare11a52’45, D. Mandat30, B.C. Manninglz,

P. Mantsch®, A.G. Mariazzi4, I.C. Maris13 , G. Marsella®%4? , D. Martello>2:% , H. Martinezlg, O. Martinez
Bravo® 9, M. Mastrodicasa’ 3’43, H.J. Mathes37, S. Mathys35 ,J. Matthew583, G. Matthia657’48, E. Mayo‘[‘[e3 5 ,
P.O. Mazur®, G. Medina-Tanco63, D. Melog, A. Menshikov38, K.-D. Merendagl, S. Michal31,

M.I. Micheletti6, L. Middendorf39, L. Miramonti55’46, D. Mockler13, S. Mollerachl, F. Montanet34,

C. Morello>**, G. Morlino*?*3, M. Mostafa®®, A.L. Miiller®37, M.A. Mullerzo’d, S. Miiller®, R. Mussa®®,
L. Nellen®3 , M. Niculescu-Oglinzanu68, M. Niechciol‘”, D. Nit284’g, D. Nosek29, V. Novotny29, L. Nozka? 1,
A Nucita52’45, L.A. Nl’lﬁezzg, A. Olint087, M. Palatka30, J. Pallottaz, M.P. Panetta52’45, P. Papenbreer35,

G. Parente’*, A. Parra>, M. Pech", F. Pedreira’?, J. Pe;kala64, R. Pelayo61, J. Peﬁa-Rodriguezzg,

L.A.S. Pereirazo, M. Perling, L. Perronesz’45, C. Peters39, S. Petrera42’43, J. Phunts0k86, T. Pier0g37,

M. Pimenta67, V. Pirrone11054’44, M. Platinog, . P0h87, B. Pont’? , C. Porowski64, R.R. Pradolg,

P. Priviterag7, M. Prouza30, A. Puyleart84, S. Querchfeld3 5 , S. Quinngo, R. Ramos—Pollanzg, L. Rautenberg35 ,
D. Ravignanig, M. Reininghaus”, J. Ridky30, F. Riehn67, M. Risse‘“, P. Ristoriz, V. Rizi53’43, W. Rodrigues
de Carvalh019, J. Rodriguez R0j09, M.J. Roncoronig, M. Roth37, E. Rouletl, A.C. Rovero® , P. Rueh141,

S.J. Safﬁlz, A. Saftoiu68, F. Salamida53’43, H. Salazar59, G. Salina48, J.D. Sanabria Gomezzg, F. Sénchezg,


Sabrina
Highlight

Sabrina
Highlight

Sabrina
Highlight

Sabrina
Highlight

Sabrina
Highlight

Sabrina
Highlight

Sabrina
Highlight

Sabrina
Highlight


E.M. Santosl9, E. Santos30, F. Sarazingl, R. Sarment067, C. Sarmiento-CanoS, R. Sat09, P. Savina52°45,

M. Schauer>>, V. Scherini*?, H. Schieler>’, M. Schimassek3¢, M. Schimp35, F. Schliiter’’, D. Schmidt3°,

0. Scholten76’14, P. Schovémek30, F.G. Schréder88’37, S. Schroder? ] Schumacher39, S.J. Sciutto4,

M. Scomavaccheg, R.C. ShellardlS, G. Sigl40, G. Silli8’37, 0. Sima68’h, R. Smida87, G.R. Snow89,

P. Sommers86, J.F. Sorianogz, J. Souchard34, R. Squartini9, M. Stadelmaier37, D. Stanca68, S. Stanié”,

J. Stasielak64, P. Stassi34, M. Stolpovskiy34, A. Streich36, M. Suérez-DurénzS, T. Sudholzlz, T. Suomijéirvi32,
A.D. Supanitskyg, J. Supik31, Z. Szadkowski®®, A. Taboada3®, O.A. Tabordal, A. Tapia27,

C. Timmermans’ /7> , P. Tobiska30, C.J. Todero Peixoto”, B. Tomé67, G. Torralba Elipe74, A. Travainig,

P. Travnicek30, M. Trini71, M. Tueros4, R. Ulrich37, M. Unger37, M. Urban39, J.F. Valdés Galicia63,

I. Valifio*®*3, L. Valore>®*7, P. van Bodegomlz, A.M. van den Berg76, A. van Vliet”?, E. Varela®?, B. Vargas
Cérdenas63, A. Vésquez-Ramirezzg, D. Veberié37, C. Ventura®? , .D. Vergara Quispe4, V. Verzi48, J. Vicha? 0,
L. Villaseﬁor59, J. Vink79, S. Vorobiov71, H. Wahlberg4, A.A. Watson?, M. Weber 8, A. Weindl37,

M. Wiedenski®®, L. Wiencke®!, H. Wilczyfiski®®, T. Winchen!4, M. Wirtz3°, D. Wittkowski3?,

B. Wundheiler®, L. Yang71, A. Yushkov??, E. Zas74, D. Zavrtanik 172, M. Zavrtanik %71, L. Zehrer’!,

A. Zepeda60, B. Zimmermann?’, M. Ziolkowski*!, F. Zuccarello>***

I Centro Atémico Bariloche and Instituto Balseiro (CNEA-UNCuyo-CONICET), San Carlos de Bariloche,
Argentina

2 Centro de Investigaciones en Laseres y Aplicaciones, CITEDEF and CONICET, Villa Martelli, Argentina

3 Departamento de Fisica and Departamento de Ciencias de la Atmoésfera y los Océanos, FCEyN,
Universidad de Buenos Aires and CONICET, Buenos Aires, Argentina

4 IFLP, Universidad Nacional de La Plata and CONICET, La Plata, Argentina
> Instituto de Astronomia y Fisica del Espacio (IAFE, CONICET-UBA), Buenos Aires, Argentina

® Instituto de Fisica de Rosario (IFIR) - CONICET/U.N.R. and Facultad de Ciencias Bioquimicas y
Farmacéuticas U.N.R., Rosario, Argentina

7 Instituto de Tecnologias en Deteccion y Astroparticulas (CNEA, CONICET, UNSAM), and Universidad
Tecnologica Nacional - Facultad Regional Mendoza (CONICET/CNEA), Mendoza, Argentina

8 Instituto de Tecnologias en Deteccion y Astroparticulas (CNEA, CONICET, UNSAM), Buenos Aires,
Argentina

? Observatorio Pierre Auger, Malargiie, Argentina

10 Observatorio Pierre Auger and Comision Nacional de Energia Atomica, Malargiie, Argentina
1 Universidad Tecnoldgica Nacional - Facultad Regional Buenos Aires, Buenos Aires, Argentina
12 University of Adelaide, Adelaide, S.A., Australia

13 Université Libre de Bruxelles (ULB), Brussels, Belgium

14 Vrije Universiteit Brussels, Brussels, Belgium

15 Centro Brasileiro de Pesquisas Fisicas, Rio de Janeiro, RJ, Brazil

16 Centro Federal de Educacao Tecnologica Celso Suckow da Fonseca, Nova Friburgo, Brazil

17 Universidade de Sdo Paulo, Escola de Engenharia de Lorena, Lorena, SP, Brazil

I8 Universidade de Sdo Paulo, Instituto de Fisica de S3o Carlos, Sdo Carlos, SP, Brazil

19 Universidade de Sio Paulo, Instituto de Fisica, Sdo Paulo, SP, Brazil

20 Universidade Estadual de Campinas, IFGW, Campinas, SP, Brazil

21 Universidade Estadual de Feira de Santana, Feira de Santana, Brazil

22 Universidade Federal do ABC, Santo André, SP, Brazil

23 Universidade Federal do Parana, Setor Palotina, Palotina, Brazil

24 Universidade Federal do Rio de J aneiro, Instituto de Fisica, Rio de Janeiro, RJ, Brazil

25 Universidade Federal do Rio de Janeiro (UFRJ), Observatorio do Valongo, Rio de Janeiro, RJ, Brazil
26 Universidade Federal Fluminense, EEIMVR, Volta Redonda, RJ, Brazil


Sabrina
Highlight

Sabrina
Highlight


27 Universidad de Medellin, Medellin, Colombia
28 Universidad Industrial de Santander, Bucaramanga, Colombia

29 Charles University, Faculty of Mathematics and Physics, Institute of Particle and Nuclear Physics, Prague,
Czech Republic

30 Institute of Physics of the Czech Academy of Sciences, Prague, Czech Republic
3 Palacky University, RCPTM, Olomouc, Czech Republic

32 Institut de Physique Nucléaire d'Orsay (IPNO), Université Paris-Sud, Univ. Paris/Saclay, CNRS-IN2P3,
Orsay, France

33 Laboratoire de Physique Nucléaire et de Hautes Energies (LPNHE), Universités Paris 6 et Paris 7, CNRS-
IN2P3, Paris, France

34 Univ. Grenoble Alpes, CNRS, Grenoble Institute of Engineering Univ. Grenoble Alpes, LPSC-IN2P3,
38000 Grenoble, France, France

35 Bergische Universitat Wuppertal, Department of Physics, Wuppertal, Germany
36 K arlsruhe Institute of Technology, Institute for Experimental Particle Physics (ETP), Karlsruhe, Germany
37 Karlsruhe Institute of Technology, Institut fiir Kernphysik, Karlsruhe, Germany

38 Karlsruhe Institute of Technology, Institut fiir Prozessdatenverarbeitung und Elektronik, Karlsruhe,
Germany

39 RWTH Aachen University, III. Physikalisches Institut A, Aachen, Germany

40 Universitit Hamburg, II. Institut fiir Theoretische Physik, Hamburg, Germany

41 Universitit Siegen, Fachbereich 7 Physik - Experimentelle Teilchenphysik, Siegen, Germany
42 Gran Sasso Science Institute, L'Aquila, Italy

43 INFN Laboratori Nazionali del Gran Sasso, Assergi (L'Aquila), Italy

44 INFN, Sezione di Catania, Catania, Italy

45 INFN, Sezione di Lecce, Lecce, Italy

46 INFN, Sezione di Milano, Milano, Italy

47 INFN, Sezione di Napoli, Napoli, Italy

48 INFN, Sezione di Roma “Tor Vergata”, Roma, Italy

49 INFN, Sezione di Torino, Torino, Italy

>0 Osservatorio Astrofisico di Torino (INAF), Torino, Italy

31 politecnico di Milano, Dipartimento di Scienze e Tecnologie Aerospaziali , Milano, Italy
>2 Universita del Salento, Dipartimento di Matematica e Fisica “E. De Giorgi”, Lecce, Italy
>3 Universita dell'Aquila, Dipartimento di Scienze Fisiche e Chimiche, L'Aquila, Italy

>4 Universita di Catania, Dipartimento di Fisica e Astronomia, Catania, Italy

33 Universita di Milano, Dipartimento di Fisica, Milano, Italy

%6 Universita di Napoli “Federico II”, Dipartimento di Fisica “Ettore Pancini”, Napoli, Italy
>7 Universita di Roma “Tor Vergata”, Dipartimento di Fisica, Roma, Italy

>8 Universita Torino, Dipartimento di Fisica, Torino, Italy

59 Benemérita Universidad Auténoma de Puebla, Puebla, México

60 Centro de Investigacion y de Estudios Avanzados del IPN (CINVESTAV), México, D.F., México

61 Unidad Profesional Interdisciplinaria en Ingenieria y Tecnologias Avanzadas del Instituto Politécnico
Nacional (UPIITA-IPN), México, D.F., México

62 Universidad Auténoma de Chiapas, Tuxtla Gutiérrez, Chiapas, México
63 Universidad Nacional Auténoma de México, México, D.F., México

64 Institute of Nuclear Physics PAN, Krakow, Poland

65 University of Lodz, Faculty of Astrophysics, £.6dz, Poland

66 University of £.6dz, Faculty of High-Energy Astrophysics,L6dz, Poland

67 Laboratorio de Instrumentagdo e Fisica Experimental de Particulas - LIP and Instituto Superior Técnico -
IST, Universidade de Lisboa - UL, Lisboa, Portugal



68 «“Horia Hulubei” National Institute for Physics and Nuclear Engineering, Bucharest-Magurele, Romania
69 Institute of Space Science, Bucharest-Magurele, Romania

70 University Politehnica of Bucharest, Bucharest, Romania

1 Center for Astrophysics and Cosmology (CAC), University of Nova Gorica, Nova Gorica, Slovenia

2 Experimental Particle Physics Department, J. Stefan Institute, Ljubljana, Slovenia

73 Universidad de Granada and C.A.F.P.E., Granada, Spain

74 Instituto Galego de Fisica de Altas Enerxias (I.G.F.A.E.), Universidad de Santiago de Compostela,
Santiago de Compostela, Spain

75 IMAPP, Radboud University Nijmegen, Nijmegen, The Netherlands
76 K VI - Center for Advanced Radiation Technology, University of Groningen, Groningen, The Netherlands

77 Nationaal Instituut voor Kernfysica en Hoge Energie Fysica (NIKHEF), Science Park, Amsterdam, The
Netherlands

78 Stichting Astronomisch Onderzoek in Nederland (ASTRON), Dwingeloo, The Netherlands

79 Universiteit van Amsterdam, Faculty of Science, Amsterdam, The Netherlands

80 Case Western Reserve University, Cleveland, OH, USA

81 Colorado School of Mines, Golden, CO, USA

82 Department of Physics and Astronomy, Lehman College, City University of New York, Bronx, NY, USA
83 Louisiana State University, Baton Rouge, LA, USA

84 Michigan Technological University, Houghton, MI, USA

85 New York University, New York, NY, USA

86 Pennsylvania State University, University Park, PA, USA

87 University of Chicago, Enrico Fermi Institute, Chicago, IL, USA

88 University of Delaware, Department of Physics and Astronomy, Bartol Research Institute, Newark, DE,
USA

89 University of Nebraska, Lincoln, NE, USA

8 School of Physics and Astronomy, University of Leeds, Leeds, United Kingdom
5 Max-Planck-Institut fiir Radioastronomie, Bonn, Germany

¢ Fermi National Accelerator Laboratory, USA

d also at Universidade Federal de Alfenas, Pocos de Caldas, Brazil

¢ Colorado State University, Fort Collins, CO, USA

f now at Hakubi Center for Advanced Research and Graduate School of Science, Kyoto University, Kyoto,

Japan
& also at Karlsruhe Institute of Technology, Karlsruhe, Germany
b also at Radboud Universtiy Nijmegen, Nijmegen, The Netherlands

Acknowledgments

The successful installation, commissioning, and operation of the Pierre Auger Observatory would not have
been possible without the strong commitment and effort from the technical and administrative staff in
Malargiie. We are very grateful to the following agencies and organizations for financial support:

Argentina — Comision Nacional de Energia Atomica; Agencia Nacional de Promocion Cientifica y
Tecnologica (ANPCyT); Consejo Nacional de Investigaciones Cientificas y Técnicas (CONICET); Gobierno
de la Provincia de Mendoza; Municipalidad de Malargiie; NDM Holdings and Valle Las Lefas; in gratitude
for their continuing cooperation over land access; Australia — the Australian Research Council; Brazil —
Conselho Nacional de Desenvolvimento Cientifico e Tecnologico (CNPq); Financiadora de Estudos e
Projetos (FINEP); Funda¢do de Amparo a Pesquisa do Estado de Rio de Janeiro (FAPERJ); Sao Paulo
Research Foundation (FAPESP) Grants No. 2010/07359-6 and No. 1999/05404-3; Ministério da Ciéncia,
Tecnologia, Inovagdes e Comunicagdes (MCTIC); Czech Republic — Grant No. MSMT CR LTT18004,


Sabrina
Highlight


LO1305, LM2015038 and CZ.02.1.01/0.0/0.0/16_013/0001402; France — Centre de Calcul IN2P3/CNRS;
Centre National de la Recherche Scientifique (CNRS); Conseil Régional Ile-de-France; Département
Physique Nucléaire et Corpusculaire (PNC-IN2P3/CNRS); Département Sciences de 1'Univers (SDU-
INSU/CNRYS); Institut Lagrange de Paris (ILP) Grant No. LABEX ANR-10-LABX-63 within the
Investissements d'Avenir Programme Grant No. ANR-11-IDEX-0004-02; Germany — Bundesministerium fiir
Bildung und Forschung (BMBF); Deutsche Forschungsgemeinschaft (DFG); Finanzministerium Baden-
Wiirttemberg; Helmholtz Alliance for Astroparticle Physics (HAP); Helmholtz-Gemeinschaft Deutscher
Forschungszentren (HGF); Ministerium fiir Innovation, Wissenschaft und Forschung des Landes Nordrhein-
Westfalen; Ministerium fiir Wissenschaft, Forschung und Kunst des Landes Baden-Wiirttemberg; Italy —
Istituto Nazionale di Fisica Nucleare (INFN); Istituto Nazionale di Astrofisica (INAF); Ministero
dell'lstruzione, dell'Universita e della Ricerca (MIUR); CETEMPS Center of Excellence; Ministero degli
Affari Esteri (MAE); México — Consejo Nacional de Ciencia y Tecnologia (CONACYT) No. 167733;
Universidad Nacional Autonoma de México (UNAM); PAPIIT DGAPA-UNAM; The Netherlands —
Ministry of Education, Culture and Science; Netherlands Organisation for Scientific Research (NWO);
Dutch national e-infrastructure with the support of SURF Cooperative; Poland -Ministry of Science and
Higher Education, grant No. DIR/WK/2018/11; National Science Centre, Grants No. 2013/08/M/ST9/00322,
No. 2016/23/B/ST9/01635 and No. HARMONIA 5-2013/10/M/ST9/00062, UMO-2016/22/M/ST9/00198;
Portugal — Portuguese national funds and FEDER funds within Programa Operacional Factores de
Competitividade through Fundagao para a Ciéncia e a Tecnologia (COMPETE); Romania — Romanian
Ministry of Research and Innovation CNCS/CCCDI-UESFISCDI, projects PN-III-P1-1.2-PCCDI-2017-
0839/19PCCDI/2018 and PN18090102 within PNCDI III; Slovenia — Slovenian Research Agency, grants
P1-0031, P1-0385, 10-0033, N1-0111; Spain — Ministerio de Economia, Industria y Competitividad
(FPA2017-85114-P and FPA2017-85197-P), Xunta de Galicia (ED431C 2017/07), Junta de Andalucia
(SOMM17/6104/UGR), Feder Funds, RENATA Red Nacional Tematica de Astroparticulas (FPA2015-
68783-REDT) and Maria de Maeztu Unit of Excellence (MDM-2016-0692); USA — Department of Energy,
Contracts No. DE-AC02-07CH11359, No. DE-FR02-04ER41300, No. DE-FG02-99ER41107 and No. DE-
SC0011689; National Science Foundation, Grant No. 0450696; The Grainger Foundation; Marie Curie-
IRSES/EPLANET; European Particle Physics Latin American Network; and UNESCO.

Last modified on 2019-04-02.



