Physics of the Dark Universe 9-10 (2015) 8-23

Contents lists available at ScienceDirect

Physics of the Dark Universe

journal homepage: www.elsevier.com/locate/dark

Simplified models for dark matter searches at the LHC ®CmssMark

Jalal Abdallah ', Henrique Araujo?, Alexandre Arbey >*°, Adi Ashkenazi®,
Alexander Belyaev’, Joshua Berger?®, Celine Boehm °, Antonio Boveia®,
Amelia Brennan '°, Jim Brooke ', Oliver Buchmueller ?, Matthew Buckley
Giorgio Busoni '*, Lorenzo Calibbi '“'>!, Sushil Chauhan '°, Nadir Daci !,
Gavin Davies?, Isabelle De Bruyn '/, Paul De Jong '¢, Albert De Roeck?, Kees de Vries?,
Daniele Del Re 'Y, Andrea De Simone ', Andrea Di Simone ?°, Caterina Doglioni?’,
Matthew Dolan®, Herbi K. Dreiner??, John Ellis>*?, Sarah Eno *#, Erez Etzion®,

Malcolm Fairbairn??, Brian Feldstein*°, Henning Flaecher '!, Eric Feng?°, Patrick Fox?’,
Marie-Héléne Genest?®, Loukas Gouskos*?, Johanna Gramling?', Ulrich Haisch %>,
Roni Harnik?’, Anthony Hibbs ?°, Siewyan Hoh *°, Walter Hopkins >', Valerio Ippolito *?,
Thomas Jacques?', Felix Kahlhoefer **, Valentin V. Khoze ?, Russell Kirk **1,

Andreas Korn *°, Khristian Kotov *°, Shuichi Kunori®’/, Greg Landsberg *,

Sebastian Liem *°, Tongyan Lin “>#"", Steven Lowette ', Robyn Lucas **?, Luca Malgeri°,
Sarah Malik?, Christopher McCabe %3, Alaettin Serhan Mete “*, Enrico Morgante "',
Stephen Mrenna?’, Yu Nakahama >*4, Dave Newbold '', Karl Nordstrom *°,

Priscilla Pani '®, Michele Papucci“®*’, Sophio Pataraia*®, Bjoern Penning *°,

Deborah Pinna*’, Giacomo Polesello’, Davide Racco?!, Emanuele Re >,

Antonio Walter Riotto?!, Thomas Rizzo?, David Salek '®*%, Subir Sarkar %>,

Steven Schramm®', Patrick Skubic>?, Oren Slone°, Juri Smirnov°>', Yotam Soreq >,
Timothy Sumner?, Tim M.P. Tait**, Marc Thomas "***, Ian Tomalin *?,

Christopher Tunnell '®, Alessandro Vichi®, Tomer Volansky ®, Neal Weiner>>,

Stephen M. West **, Monika Wielers *?, Steven Worm #>*, Itay Yavin %7,

Bryan Zaldivar '°, Ning Zhou**, Kathryn Zurek “%4/

12,4
’

! Academia Sinica Institute of Physics, Taipei 11529, Taiwan

2 Imperial College London High Energy Physics, London SW7 2AZ, United Kingdom

3 Université Lyon 1, Centre de Recherche Astrophysique de Lyon, 69561 Saint-Genis Laval, France
4 Ecole Normale Supérieure de Lyon, Lyon, France

5 Physics Department, CERN, Geneva CH-1211, Switzerland

6 Tel Aviv University, Department of Physics, P.O. Box 39040, Tel Aviv 6997801, Israel

7 University of Southampton Physics and Astronomy, Southampton SO17 1BJ, United Kingdom

8 SLAC National Accelerator Laboratory, Menlo Park 94025, USA

9 Institute for Particle Physics Phenomenology, Durham University, Durham DH1 3LE, United Kingdom
1 University of Melbourne, Victoria 3010, Australia

"1 HH Wills Physics Laboratory, Tyndall Avenue, Bristol BS8 1TH, United Kingdom

12 Rutgers University, Department of Physics and Astronomy, Piscataway, 08854-8019, USA

13 SISSA and INFN, Sezione di Trieste, Trieste 34136, Italy

14 Institute of Theoretical Physics, Chinese Academy of Sciences, Beijing 100190, PR China

15 Service de Physique Théorique, Université Libre de Bruxelles, B-1050, Brussels, Belgium

16 University of California Davis, Department of Physics, 95616, USA

* Corresponding author.
E-mail address: worm@cern.ch (S. Worm).

http://dx.doi.org/10.1016/j.dark.2015.08.001
2212-6864/© 2015 CERN for the benefit of the Authors. Published by Elsevier B.V. This is an open access article under the CC BY license (http://creativecommons.org/licenses/

by/4.0/).


http://dx.doi.org/10.1016/j.dark.2015.08.001
http://www.elsevier.com/locate/dark
http://www.elsevier.com/locate/dark
http://crossmark.crossref.org/dialog/?doi=10.1016/j.dark.2015.08.001&domain=pdf
mailto:worm@cern.ch
http://dx.doi.org/10.1016/j.dark.2015.08.001
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

J. Abdallah et al. / Physics of the Dark Universe 9-10 (2015) 8-23 9

17 Vrije Universiteit Brussel - IIHE, Brussels, Belgium

18 NIKHEF, Amsterdam, 1098 XG, Netherlands

19 Universita’ di Roma “Sapienza” / INFN, Rome, 00185, Italy

20 Albert-Ludwigs-Universitaet Physikalisches Institut, Freiburg, 79104, Germany

21 Université de Genéve Ecole de Physique, Geneva, CH-1211, Switzerland

22 University of Bonn Physikalisches Institut, 53115, Germany

23 King’s College London, Department of Physics, London, WC2R 2LS, United Kingdom
24 University of Maryland, Department of Physics, College Park, 20742-4111, USA

25 Rudolf Peierls Centre for Theoretical Physics, University of Oxford, 0X1 3NP Oxford, United Kingdom

26 physics Division, Argonne National Laboratory, Lemont, 60439, USA
27 Fermi National Accelerator Laboratory, Batavia, 60510-5011, USA
28 | PSC, Université Grenoble-Alpes, CNRS/IN2P3, 38042, France

29 University of California Santa Barbara, Department of Physics, Santa Barbara, 93106, USA
30 National Centre for Particle Physics, University of Malaya, Kuala Lumpur, 50603, Malaysia

31 University of Oregon Department of Physics, Eugene, 97403, USA
32 Harvard University, Department of Physics, Cambridge, 02138, USA
33 DESY, Notkestrasse 85, D-22607 Hamburg, Germany

34 Royal Holloway University of London, Department of Physics, Egham, TW20 OEX, United Kingdom

35 University College London, WC1E 6BT, United Kingdom

36 The Ohio State University, Columbus, 43210, USA

37 Texas Tech University, Lubbock, 41051, USA

38 Physics Department, Brown University, Providence, 02912, USA
39 GRAPPA, University of Amsterdam, 1098 XH, Netherlands

40 Enrico Fermi Institute, University of Chicago, 60637, USA

41 Kavli Institute for Cosmological Physics and the Enrico Fermi Institute, The University of Chicago, 60637, USA

42 particle Physics Department, Rutherford Appleton Laboratory, 0X11 0QX, United Kingdom
43 Department of Physics and Astronomy, University of California, Irvine, 92697-4575, USA

44 KEK, Tsukuba, 305-0801, Japan
4 University of Glasgow, G12 8QQ, United Kingdom

46 Berkeley Center for Theoretical Physics, University of California, Berkeley, 947 20-7300, USA
47 Theoretical Physics Group, Lawrence Berkeley National Laboratory, Berkeley, 94720-8162, USA

48 Bergische Universitaet Wuppertal, D-42119, Germany

4 University of Zurich Physik-Institut, CH-8057, Switzerland

50 INFN Sezione di Pavia, 27100, Italy

31 University of Toronto, Department of Physics, ON M5S 1A7, Canada
52 University of Oklahoma, Department of Physics, Norman, 73019, USA
53 Max-Planck-Institut fiir Kernphysik, Heidelberg, 69117, Germany

54 Weizmann Institute of Science, Department of Particle Physics and Astrophysics, Rehovot, 7610001, Israel

55 New York University, Department of Physics, NY, 10003, USA
56 perimeter Institute for Theoretical Physics, Waterloo, ON N2L 2Y5, Canada

57 McMaster University, Department of Physics & Astronomy, Hamilton, ON L8S 4M1, Canada

ARTICLE INFO ABSTRACT

Article history:

Received 12 June 2015
Received in revised form
3 August 2015

Accepted 3 August 2015

Keywords:

Dark matter

Direct detection

Collider search for dark matter
Simplified models

Effective field theory

This document® outlines a set of simplified models for dark matter and its interactions with Standard

Model particles. It is intended to summarize the main characteristics that these simplified models have

when applied to dark matter searches at the LHC, and to provide a number of useful expressions for

reference. The list of models includes both s-channel and t-channel scenarios. For s-channel, spin-0 and

spin-1 mediations are discussed, and also realizations where the Higgs particle provides a portal between

the dark and visible sectors. The guiding principles underpinning the proposed simplified models are
spelled out, and some suggestions for implementation are presented.
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1. Introduction

Gravitational effects on astrophysical scales give convincing
evidence for the presence of dark matter (DM) in Nature, an

t Primary contributor.

4 Summary of the discussions and conclusions following from Dark Matter @ LHC
2014, held at Merton College, Oxford, on September25-27, 2014.

observation that is strongly supported by the large-scale structure
of the Universe and measurements of the cosmic microwave
background [1]. While the existence of DM thus seems well
established, very little is known about the properties of the DM
particle(s). To shed light on this question, three classes of search
strategies are being employed: (i) direct detection in shielded
underground detectors; (ii) indirect detection with satellites,
balloons, and ground-based telescopes looking for signals of DM
annihilation; (iii) particle colliders aiming at direct DM production.
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