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8Universidad del Atlantico, Carrera 30 Nmero 8- 49 Puerto Colombia - Atlntico, Colombia
9Banaras Hindu University, Department of Physics, Varanasi - 221 005, India
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10University of Basel, Klingelbergstrasse 82, CH-4056 Basel, Switzerland
11University of Bern, Sidlerstrasse 5, CH-3012 Bern, Switzerland

12University of Birmingham, Edgbaston, Birmingham B15 2TT, United Kingdom
13Boston University, Boston, MA 02215, USA

14University of Bristol, H. H. Wills Physics Laboratory, Tyndall Avenue Bristol BS8 1TL, United Kingdom
15Brookhaven National Laboratory, Upton, NY 11973, USA

16University of Bucharest, Faculty of Physics, Bucharest, Romania
17Institute of Physics, Czech Academy of Sciences, Na Slovance 2, 182 21 Praha 8, Czech Republic

18Centro Brasileiro de Pesquisas F́ısicas, Rio de Janeiro, RJ 22290-180, Brazil
19CEA/Saclay, IRFU (Institut de Recherche sur les Lois Fondamentales de l’Univers), F-91191 Gif-sur-Yvette CEDEX, France

20CERN, European Organization for Nuclear Research 1211 Geneve 23, Switzerland, CERN
21CIEMAT, Centro de Investigaciones Energéticas, Medioambientales

y Tecnológicas, Av. Complutense, 40, E-28040 Madrid, Spain
22University of California (Berkeley), Berkeley, CA 94720, USA

23University of California (Davis), Davis, CA 95616, USA
24University of California (Irvine), Irvine, CA 92697, USA

25University of California (Los Angeles), Los Angeles, CA 90095, USA
26California Institute of Technology, Pasadena, CA 91125, USA

27University of Cambridge, JJ Thomson Avenue, Cambridge CB3 0HE, United Kingdom
28University of Catania, INFN Sezione di Catania, Via Santa Sofia 64, I-95123 Catania, Italy
29Institute of Particle and Nuclear Physics of the Faculty of Mathematics and Physics of the
Charles University in Prague, V Holešovičkách 747/2, 180 00 Praha 8-Libeň, Czech Republic

30University of Chicago, Chicago, IL 60637, USA
31Chung-Ang University, Dongjak-Gu, Seoul 06974, South Korea

32University of Cincinnati, Cincinnati, OH 45221, USA
33Cinvestav, Apdo. Postal 14-740, 07000 Ciudad de Mexico, Mexico

34Universidad de Colima, 340 Colonia Villa San Sebastian Colima, Colima, Mexico
35University of Colorado (Boulder), Boulder, CO 80309, USA
36Colorado State University, Fort Collins, CO 80523, USA

37Columbia University, New York, NY 10027, USA
38Cornell University, Ithaca, NY 14853, USA

39Czech Technical University in Prague, Břehová 78/7, 115 19 Prague 1, Czech Republic
40Dakota State University, Madison, SD 57042, USA
41University of Dallas, Irving, TX 75062-4736, USA

42Daresbury Laboratory, Daresbury Warrington, Cheshire WA4 4AD, United Kingdom
43University of Delhi, Department of Physics and Astrophysics, Delhi 110007, India

44Drexel University, Philadelphia, PA 19104, USA
45Duke University, Durham, NC 27708, USA

46University of Durham, South Road, Durham DH1 3LE, United Kingdom
47ETH Zurich, Institute for Particle Physics, Zurich, Switzerland

48University of Edinburgh, Edinburgh EH8 9YL, UK, United Kingdom
49Universidade Estadual de Campinas, Campinas - SP, 13083-970, Brazil

50Universidade Federal de Alfenas, Poços de Caldas - MG, 37715-400, Brazil
51Universidade Federal do Rio de Janeiro, Rio de Janeiro - RJ, 21941-901, Brazil

52Universidade Federal do ABC, Santo André, SP 09210-580, Brazil
53UEFS/DFIS - State University of Feira de Santana, Feira de Santana - BA, 44036-900, Brazil

54Fermi National Accelerator Laboratory, Batavia, IL 60510, USA
55University of Florida, PO Box 118440 Gainesville, FL 32611-8440, USA

56University of Genova, 16126 Genova GE, Italy
57Universidade Federal de Goias, Goiania, GO 74690-900, Brazil
58Laboratori Nazionali del Gran Sasso, I-67010 Assergi, AQ, Italy

59Gran Sasso Science Institute, Viale Francesco Crispi 7, L’Aquila, Italy
60Universidad de Guanajuato, Gto., C.P. 37000, Mexico

61Harish-Chandra Research Institute, Jhunsi, Allahabad 211 019, India
62Harvard University, 17 Oxford St. Cambridge, MA 02138, USA

63University of Hawaii, Honolulu, HI 96822, USA
64University of Houston, Houston, TX 77204, USA

65Horia Hulubei National Institute of Physiscs and Nuclear Engineering, Strada Reactorului 30, Măgurele, Romania
66University of Hyderabad, Gachibowli, Hyderabad - 500 046, India

67Institut de Fisica d’Altes Energies (IFAE), Campus UAB, Facultat Ciences Nord, 08193 Bellaterra, Barcelona, Spain
68Instituto de Fisica Corpuscular, Catedratico Jose Beltran, 2 E-46980 Paterna (Valencia), Spain

69Illinois Institute of Technology, Chicago, IL 60616, USA
70Indian Institute of Technology Bombay, Department of Physics Mumbai 400 076, India

71Indian Institute of Technology Guwahati, Guwahati, 781 039, India
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72Indian Institute of Technology Hyderabad, Hyderabad, 502285, India
73Sezione INFN Milano Bicocca and University of Milano Bicocca, Milano, Italy

74INFN Universit degli Studi di Bologna, 40127 Bologna BO, Italy
75Institute for Research in Fundamental Sciences (IPM), Farmanieh St. Tehran, 19538-33511, Iran

76Idaho State University, Department of Physics, Pocatello, ID 83209, USA
77Imperial College of Science Technology & Medicine, Blackett

Laboratory Prince Consort Road, London SW7 2BZ, United Kingdom
78Indiana University, Bloomington, IN 47405, USA

79Institut de Physique Nucleaire de Lyon (IPNL), Rue E. Fermi 4 69622 Villeurbanne, France
80Institute for Nuclear Research of the Russian Academy of Sciences (INR

RAS), 60th October Anniversary Prosp. 7a Moscow, 117312, Russia
81University of Iowa, Department of Physics and Astronomy 203 Van Allen Hall Iowa City, IA 52242, USA

82Iowa State University, Ames, Iowa 50011, USA
83Iwate University, Morioka, Iwate 020-8551, Japan

84University of Jammu, Physics Department, JAMMU-180006, India
85Jawaharlal Nehru University, Jawaharlal Nehru University, New Delhi 110067, India

86University of Jyvaskyla, P.O. Box 35, FI-40014, Finland
87High Energy Accelerator Research Organization (KEK), Ibaraki, 305-0801, Japan

88KTH Royal Institute of Technology, Roslagstullsbacken 21, SE-106 91 Stockholm, Sweden
89Kansas State University, Manhattan, KS 66506, USA

90Kavli Institute for the Physics and Mathematics of the Universe (WPI), Kashiwa, Chiba 277-8583, Japan
91Department of Physics, K L E F, Green Fields, Guntur - 522 502, AP, India

92Korea Institute for Science and Technology Information, Daejeon, 34141, South Korea
93National Institute of Technology, Kure College, Hiroshima, 737-8506, Japan

94Kyiv National University, 64, 01601 Kyiv, Ukraine
95Laboratoire d’Annecy-le-Vieux de Physique des Particules, CNRS/IN2P3

and Université Savoie Mont Blanc, 74941 Annecy-le-Vieux, France
96INFN - Laboratori Nazionali del Sud (LNS), Via S. Sofia 62, 95123 Catania, Italy

97Lancaster University, Bailrigg, Lancaster LA1 4YB, United Kingdom
98Lawrence Berkeley National Laboratory, Berkeley, CA 94720, USA

99University of Liverpool, L69 7ZE, Liverpool, United Kingdom
100University College London, London, WC1E 6BT, United Kingdom
101Los Alamos National Laboratory, Los Alamos, NM 87545, USA

102Louisiana State University, Baton Rouge, LA 70803, USA
103University of Lucknow, Lucknow 226007, Uttar Pradesh, India

104Madrid Autonoma University, Ciudad Universitaria de Cantoblanco 28049 Madrid, Spain
105University of Manchester, Oxford Road, Manchester M13 9PL, United Kingdom

106University of Maryland, College Park, MD 20742, USA
107Massachusetts Institute of Technology, Cambridge, MA 02139, USA

108University of Michigan, Ann Arbor, MI 48109, USA
109Michigan State University, East Lansing, MI 48824, USA

110INFN Milano, INFN Sezione di Milano, I-20133 Milano, Italy
111University of Minnesota (Duluth), Duluth, MN 55812, USA

112University of Minnesota (Twin Cities), Minneapolis, MN 55455, USA
113Northern Illinois University, Department of Physics, DeKalb, Illinois 60115, USA

114Universidad Nacional de Ingenieŕıa, Av. Tupac Amaru 210, Lima 25, Peru
115Istituto Nazionale di Fisica Nucleare - Sezione di Napoli, Complesso Universitario di Monte S. Angelo, I-80126 Napoli, Italy

116National Centre for Nuclear Research, A. Soltana 7, 05 400 Otwock, Poland
117University of New Mexico, 1919 Lomas Blvd. N.E. Albuquerque, NM 87131, USA

118H. Niewodniczanski Institute of Nuclear Physics, Polish Academy of Sciences, Cracow, Poland
119Nikhef National Institute of Subatomic Physics, Science Park, Amsterdam, Netherlands

120Northwestern University, Evanston, Il 60208, USA
121University of Notre Dame, Notre Dame, IN 46556, USA

122Ohio State University, 191 W. Woodruff Ave. Columbus, OH 43210, USA
123Oregon State University, Corvallis, OR 97331, USA

124Otterbein University, One South Grove Street Westerville, OH 43081, USA
125University of Oxford, Oxford, OX1 3RH, United Kingdom

126Pacific Northwest National Laboratory, Richland, WA 99352, USA
127Physical Research Laboratory, Ahmedabad 380 009, India

128University of Padova, Dip. Fisica e Astronomia G. Galilei and INFN Sezione di Padova, I-35131 Padova, Italy
129Panjab University, Chandigarh, 160014 U.T., India

130University of Pavia, INFN Sezione di Pavia, I-27100 Pavia, Italy
131Pennsylvania State University, University Park, PA 16802, USA

132University of Pennsylvania, Philadelphia, PA 19104, USA
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133University di Pisa, Theor. Division; Largo B. Pontecorvo 3, Ed. B-C, I-56127 Pisa, Italy
134University of Pittsburgh, Pittsburgh, PA 15260, USA

135Pontificia Universidad Católica del Perú, Apartado 1761, Lima, Peru
136Princeton University, Princeton, New Jersey 08544, USA

137University of Puerto Rico, Mayaguez, 00681, USA
138Punjab Agricultural University, Department of Math. Stat. & Physics, Ludhiana 141004, India

139University of Rochester, Rochester, NY 14627, USA
140SLAC National Acceleratory Laboratory, Menlo Park, CA 94025, USA

141STFC Rutherford Appleton Laboratory, OX11 0QX Harwell Campus, Didcot, United Kingdom
142University Sergio Arboleda, Cll 74 -14 -14, 11022 Bogotá, Colombia

143University of Sheffield, Department of Physics and Astronomy, Sheffield S3 7RH, United Kingdom
144University of Sofia, 5 James Bourchier Blvd., Sofia, Bulgaria

145University of South Carolina, Columbia, SC 29208, USA
146University of South Dakota, Vermillion, SD 57069, USA

147South Dakota School of Mines and Technology, Rapid City, SD 57701, USA
148South Dakota Science And Technology Authority, Lead, SD 57754, USA

149South Dakota State University, Brookings, SD 57007, USA
150Southern Methodist University, Dallas, TX 75275, USA

151Stony Brook University, Stony Brook, New York 11794, USA
152University of Sussex, Brighton, BN1 9RH, United Kingdom

153Syracuse University, Syracuse, NY 13244, USA
154Universidad Tecnica Federico Santa Maria, Department de Fisica, Casino 110-V, Valparaiso, Chile

155University of Tennessee at Knoxville, TN, 37996, USA
156Texas A&M University (Corpus Christi), Corpus Christi, TX 78412, USA

157University of Texas (Arlington), Arlington, TX 76019, USA
158University of Texas (Austin), Austin, TX 78712, USA

159Tsinghua University, Haidian District, Beijing 100084, China
160TUBITAK Space Technologies Research Institute, TR-06800, Ankara, Turkey

161Tufts University, Medford, MA 02155, USA
162Universidade Federal de São Carlos, Araras - SP, 13604-900, Brazil

163Universidade Nacional de Asuncion, 585540/2 Interno 1068 CC: 910, Asunción, Paraguay
164Università del Salento - INFN, Via Provinciale per Arnesano, 73100 - Lecce , Italy

165Variable Energy Cyclotron Centre, 1/AF, Bidhannagar Kolkata - 700 064 West Bengal, India
166Valley City State University, Valley City, ND 58072, USA

167Virginia Tech, Blacksburg, VA 24060, USA
168University of Warsaw, Faculty of Physics ul. Pasteura 5 02-093 Warsaw, Poland

169Warsaw University of Technology, Nowowiejska 15/19, 00-665 Warszawa Poland, Poland
170University of Warwick, Coventry CV4 7AL, United Kingdom

171Wichita State University, Physics Division, Wichita, KS 67260, USA
172William and Mary, Williamsburg, VA 23187, USA

173University of Wisconsin (Madison), Madison, WI 53706, USA
174Wroclaw University, Plac Maxa Borna 9, 50-204 Wroclaw, Poland

175Yale University, New Haven, CT 06520, USA
176Yerevan Institute for Theoretical Physics and Modeling, Halabian Str. 34, Yerevan 0036, Armenia
177York University, Physics and Astronomy Department, 4700 Keele St. Toronto M3J 1P3, Canada
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2 Timeline

LBNF and DUNE have been working towards three international project milestones:

• 2019 - Start main cavern excavation in South Dakota;

• 2022 - Start installation of first far detector module;

• 2026 - Beam operation starts with first two detector modules.

It is expected that these dates will be adjusted when the project baseline is defined. The key
milestones to reach baseline status are:

• 2018/2019 - Collect data with both ProtoDUNE detectors.

• April 2019 - Submit TDR for far detector modules.

• July 2019 - Complete LBNC and Neutrino Cost Group (NCG) review of TDR.

• September 2019 - Present TDR to Resources Review Board (RRB).

• October 2019 - Conduct conceptual design (DOE CD-2a/3b) review of LBNF and the DOE
scope of the DUNE far detector.

The TDR for the near detector is expected to follow the far detector TDR by approximately one
year. The schedule for the design and construction work for LBNF and DUNE has two critical
parallel paths: one for the far site (South Dakota) another for the near site (Illinois). The schedule
for the initial work is driven by the Conventional Facilities (CF) design and construction at each
site. During the initial phase of the project, the far site CF is advanced first. The Ross Shaft
rehabilitation work at SURF was halted in early 2018 at the 4850-ft level due to safety concerns,
which have led to delays of several months. Early site preparation is timed to be completed in time
to start excavation when the Ross Shaft rehabilitation work finishes. As each detector cavern is
excavated and sufficient utilities are installed, the cryostat and cryogenics system work proceeds,
followed by detector installation, filling and commissioning. In 2020, LBNF plans to start early
site preparation at Fermilab for the beamline facility.

3 Computing Requirements

The DUNE science program is expected to produce raw data volumes similar in scale to the data
volumes that current LHC Run-2 experiments have already recorded. Baseline predictions for
these data, are 30-60 PB of raw data per year for the combined near and far detectors.

DUNE data consists of simple but very large 2D and 3D data objects which share many char-

Addendum to DUNE Submission European Strategy for Particle Physics



3 COMPUTING REQUIREMENTS 8

acteristics with astrophysical images. Each “event” may be GB (beam interaction) or TB (full
supernovae readout) in size. This presents opportunities to use current advances in machine learn-
ing and pattern recognition as a frontier user of High Performance Computing (HPC) facilities
capable of massively parallel processing.

The DUNE collaboration has recently formed a formal Computing Consortium, with significant
participation by European Institutions to work on common software and computing development
and to formalize resource contributions. The consortium resource model benefits from existing Grid
and WLCG infrastructure developed for the LHC. We expect this global computing consortium
to grow and evolve as we move towards data from the full DUNE detectors in the middle of the
next decade.

DUNE sees the way forward as further harmonisation of computing across HEP worldwide. This
may be along the lines of those being suggested by WLCG i.e. formation of a common HEP
Scientific computing Infrastructure coordination body (SCI) working with autonomous resource
provision for different sectors such as the LHC, the Neutrino Experiments and other medium scale
efforts.

DUNE also supports the aspirations of the High Energy Physics Software Foundation which seeks
to harmonise software across HEPWe plan to utilize common computing layers for infrastructure
access with common tools to ease integration of facilities with both the DUNE and LHC computing
ecosystems. For example, we plan to utilize common data storage methodologies to establish large
highly available data lakes to minimise storage requirements.

Finally, DUNE underlines the need to support software engineering effort to engineer and adapt
codes and infrastructure to be fit for the next decade.
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