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The IceCube Neutrino Observatory at the South Pole has tremendous emotional appeal—the ex-
treme Antarctic environment coupled with the aura of a pioneering experiment that explores the
universe in a new way. However, as with most cutting-edge experiments, it is still challenging
to translate the exotic, demanding science into accessible language. We present three examples
of recent successful education, outreach, and communication activities that demonstrate how we
leverage efforts and sustain connections to produce engaging results. First we describe our partici-
pation in the PolarTREC program, which pairs researchers with educators to provide deployments
in the Antarctic, and how we have sustained relationships with these educators to produce high-
quality experiences to reach target audiences even during a pandemic. We then focus on three
activities from the past year: a summer enrichment program for high school students that was
also modified for a 10-week IceCube after school program, a virtual visit to the South Pole for the
ScienceWriters 2020 conference, and a series of short videos in English and Spanish suitable for
all ages that explain traveling, living, and working at the South Pole.
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1. Introduction

The IceCube Neutrino Observatory is a multifaceted, cutting-edge astroparticle physics facility
located at the South Pole. It has enormous appeal to lay audiences because of its size, science,
and extreme location. It is, literally, one of the coolest experiments on Earth: the cubic-kilometer
array of detectors is buried a mile under the ice at the South Pole, a cold, dry, desolate, and remote
environment with only one sunrise and sunset per year.

The extreme polar environment that makes IceCube so fascinating also makes it inaccessible
to the public. Visiting the South Pole is essentially impossible for our audiences, so the challenge
of the IceCube communication, education & outreach team is to find ways to bring the South Pole
“up north” to convey the excitement, innovation, and adventure happening at the bottom of the
world. For years, we have leveraged our partnership with the PolarTREC program, which pairs
educators with researchers in the polar regions, to get IceCube science to audiences beyond the
research community.

2. PolarTREC

PolarTREC and its predecessor TEA (Teachers Experiencing
Antarctica and the Arctic) are US National Science Foundation pro-
grams that pair educators with polar researchers. The educators become
part of the research team, and their participation includes a field de-
ployment. IceCube and its predecessor AMANDA (Antarctic Muon and
Neutrino Detector Array) have worked with nine educators since 2001,

integrating them into activities at the South Pole for approximately three P o
weeks with an additional week or so of travel there and back. At the “POLARTRES-
South Pole, they get hands-on experience with experimental science and

learn the wide range of tasks it takes to keep IceCube functioning. In turn, IceCube benefits from
the fresh eyes of experienced educators who are able to convey the science and South Pole work in

engaging, accessible ways.

3. IceCube for High School Students

Since 2006, IceCube has provided a 2-week residential summer science enrichment program
for students in grades 9-12 through the University of Wisconsin-River Falls (UWRF) Upward
Bound program. Upward Bound is a US federally funded program that provides support to help
low-income students better prepare for success in pursuing an undergraduate degree after finishing
high school. The students are from families with low incomes and/or households with parents that
do not have a college degree. The highly diverse group of students in the UWRF program attend
Washington Technology Magnet High School in St. Paul, MN.

The number of students varies from year to year, ranging from 30 to 80. Smaller groups
of students might represent only two grades, but for years with large numbers of participants, all
four grades are represented in the student group. We rely on the PolarTREC/TEA educators to
produce a meaningful, motivating educational experience. Each summer, a new program has been
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developed that teaches science in a manner not possible in a traditional high school classroom.
Students learn the process of science by designing and creating projects, ranging from making
technology-enhanced clothing to producing computer apps that convey the impact of the pandemic
on their lives. Along the way, they learn how to develop a preliminary design, produce a prototype,
give and receive constructive feedback, and address challenges to make progress. This approach
was developed by longtime high school teachers and IceCube/ AMANDA collaborators Eric Muhs
and Steve Stevenoski, and more recently refined by Dr. Katherine Shirey.

Dr. Shirey developed an educational activity using a computer-coding platform (https://code.org/)
for the summer 2020 UWRF Upward Bound program [1] and subsequently leveraged this effort to
devise a ten-week virtual after-school program for another group of high school students (interns)
the following winter. IceCube After School was designed to layer three threads of learning: IceCube
and neutrino science, programming, and computational thinking. Students wove these three threads
into a final coded project to demonstrate their learning about IceCube science. To teach the interns
about IceCube and related science, eight speakers provided guest lectures on their IceCube work.
Topics ranged from neutrino oscillations to cosmic ray detection to science communication. The
talks included a description of the presenters’ careers so students could appreciate the multiple
paths available to success as well as the variety of careers that involve physics. Several speakers
emphasized how their career journeys shifted as they matured, and they encouraged the interns to
imagine themselves as scientists even if they felt unsure about how to get there.

To teach the interns about computational thinking and coding, short (15-20 minute) intro-
ductions were provided on topics (data types, loops, operators, and conditionals), and code.org
activities were assigned for asynchronous completion to practice using concepts. Interspersed in
the homework were engineering design stages requiring students to grapple with the challenge of
creating a coded communication tool to teach a particular stakeholder something about IceCube.
Students identified peers, family, and teachers as stakeholders and crafted apps, animations, games,
and interactive presentations in code.org to share their learning. Some students opted for alternatives
to code.org, including compiled Python codes, storyboards, and websites.

Oh, hello there! I assume you've
come here to learn more about
IceCube.

Click to move on

Il’;l“‘!l‘ L]

e Click me

Figure 1: Examples of four students’ final projects from the IceCube After School program.
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On the final day of the course, students presented their designs to an audience including parents,
the guest speakers, and other IceCube collaborators in an online showcase. Each student made a
slide to describe their work, posted a link to their IceCube animation code, and received comments
from the virtual audience using Google Slides. [2]

4. IceCube for Science Writers

Like the vast majority of conferences and meetings in 2020, the annual ScienceWriters con-
ference was organized virtually in response to the coronavirus pandemic. A joint meeting of the
National Association of Science Writers (NASW) and the Council for the Advancement of Science
Writing (CASW), ScienceWriters (SciWri) attracts hundreds of scientists, journalists, and science
communicators every year. The conference comprises a mix of professional development work-
shops, briefings on the latest scientific research, extensive networking opportunities, and (usually)
field trips—described as “for science writers, by science writers.”

In lieu of the myriad in-person activities typically organized by the host institution of the
conference, CASW called on attendees to create a virtual, Zoom-able experience about the science
happening in their part of the world. It would “provide a unique opportunity to travel virtually to the
many institutions ScienceWriters may never be able to visit,” said CASW in their call for proposals.

It was the perfect opportunity to showcase IceCube.

Madeleine O’Keefe, IceCube communications manager and NASW member, submitted a
proposal to give a virtual tour of IceCube and introduce our South Pole experiment to SciWri20.
When the proposal was accepted, we designed an hour-long virtual presentation with three main
parts: an introduction to IceCube and our science, a prerecorded tour of the South Pole facilities,
and a demo of a new augmented reality app ICEcuBEAR [3] that takes users “under the ice,”
designed by IceCube collaborator Dr. Lu Lu. Time was reserved at the end of the presentation for
questions from attendees.

Finding someone to host the first segment and introduce IceCube was an important task. With
diversity and inclusion being central to both IceCube’s and CASW’s missions, we knew we wanted
someone who not only had the presence and skill to engage an audience of scientists and science
writers in no more than 15 minutes but also offered a fresh voice to the overwhelmingly white and
male-dominated field of physics. Fortunately, we had an ideal representative already part of the
IceCube family: our 2019 PolarTREC educator, Jocelyn Argueta. [4]

With her background in both science and performance, Ar-
gueta was already a seasoned science communicator. Based in
La Mirada, California, Argueta has her own show where she
stars as “Jargie the Science Girl,” an energetic and charismatic
scientist who teaches her audiences of schoolchildren about sci-
ence through live experiments and more. In addition, Argueta

had been helping with virtual science outreach throughout the
Figure 2: Screenshot from Jocelyn pandemic, including a live public webcast to the South Pole [5]
Argueta’s video for IceCube’s pre-  and her own series of videos, “Tiny Ice” (see Section 5).

sentation at ScienceWriters 2020. For the SciWri20 presentation, our whole team collaborated

on a script that described our experiment and gave an accessible
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explanation of IceCube science. Argueta used that script and various IceCube-provided graphics
to produce the introductory video [6], which we played during the presentation, “Exploring the
Cosmos from the South Pole Ice: A Virtual Tour of the IceCube Neutrino Observatory,” on
Thursday, October 8, 2020. It was supplemented by a prerecorded tour of the IceCube Laboratory
at the South Pole by our winterovers, Dr. John Hardin and Dr. Yuya Makino [7], and a live demo
of the IceCube AR app by O’Keefe. Over 100 people attended and we received overwhelmingly
positive feedback. The recorded presentation is available to watch on YouTube, where it has been
viewed more than 7,500 times. [8]

5. IceCube for All

As described in Section 2, the PolarTREC program matches educators with researchers in the
polar regions and deploys them to the field to gain hands-on research experience for 4-6 weeks.
Educators supported by PolarTREC share their experiences through blog posts and a live webinar.
Upon their return, all educators generate a lesson plan or final project unique to the research they
participated in as well as develop outreach events in their communities.

In 2019, the IceCube Neutrino Observatory hosted Po-
larTREC educator Jocelyn Argueta, who returned from her ex-

pedition in early 2020. Due to the pandemic, outreach events
related to her expedition were cancelled and, instead, translated
into digital form. Argueta produced a series of short videos on
YouTube titled “Tiny Ice: Bits from Antarctica.” The 10-part se-
ries, available in English and Spanish, highlights travel, science,

. L. . X i i (@\ Who Owns Antarctica?! // Tiny Ice: Bits
and life at the South Pole. Each topic is explained in 2-minute di- From Antarctica | Ep 05

estible segments, which include photos, videos, and anecdotes __, . .
£ £ P Figure 3: Thumbnail for episode 5

to teach viewers about the daily lives of IceCube research team of “Tiny Ice” produced by Jocelyn

members at the South Pole. Argueta.
The Tiny Ice videos have been collectively viewed 1,300
times on YouTube. In addition, the videos were shared with the American Family Children’s
Hospital for their children’s enrichment program. At the hospital, which is part of the UW Health
network in Wisconsin, inpatients are given a tablet at their hospital bed with a catalog of prerecorded
content that helps with the patients’ development of growth and play. For some of these patients,
it is difficult to participate in live, interactive events due to the nature of their treatments and
medications. In order to provide educational and entertaining material for everyone, AFCH sought
short videos for all ages and learning styles. We provided them with Argueta’s “Tiny Ice” videos in

English and Spanish, which they were grateful to add to their catalog.

The videos are aligned to Next Generation Science Standards and Polar Literacy Principles.
They are intended for use in after-school, formal, and informal learning environments, while also
available to the general public. A basic assessment was created to accompany each video in the
series.
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6. Summary and Outlook

The size, scope, and location of the IceCube Neutrino Observatory make it especially chal-
lenging to communicate our cutting-edge science to the public. But our strong and continuing
relationship with the PolarTREC program and its educators allows the IceCube Collaboration to
share the wonders of the IceCube experiment with audiences around the world—even during a
pandemic. Our PolarTREC alumni have helped us develop successful education and outreach ma-
terials, including curricula for high school students, a virtual tour for an audience of science writers,
and a series of bite-sized videos for kids and families in English and Spanish.

In the future, we look forward to continue participating in the PolarTREC program so we
can bring more science educators to our unique facility at the South Pole. We intend to continue
collaborating with Dr. Shirey, Argueta, and other educators to share the experience of IceCube
with audiences of all ages. Over the next few years, as the planet recovers from the COVID-19
pandemic, we are confident that we will be able to work with our PolarTREC partners to adapt to
the changing world of science communication, education, and outreach.

References

[1] “IceCube’s Upward Bound class goes virtual” — article about UWRF’s summer 2020 pro-
gram on IceCube’s website: https://icecube.wisc.edu/news/outreach/2020/07/
icecube-upward-bound-class-goes-virtual/.

[2] “IceCube hosts 10-week virtual high school program with Marquette, SDSMT, WIPAC” —
article about IceCube After School:
https://icecube.wisc.edu/news/outreach/2021/04/
icecube-hosts-10-week-virtual-high-school-program-with-marquette-sdsmt-wipac/.

[3] The ICEcuBEAR app is available for free download on Google Play (https://play.
google.com/store/apps/details?id=edu.wisc.icecube.icebear) or at the Apple
Store (https://apps.apple.com/us/app/icecubear/id1533578432).

[4] “Meet Jocelyn Argueta, our 2019 PolarTREC educator” — Q&A with Jocelyn Argueta on
IceCube’s website: https://icecube.wisc.edu/news/life-at-the-pole/2019/11/
meet-jocelyn-argueta-our-2019-polartrec-educator/.

[5] Recording of IceCube’s “Weekly South Pole Call: Kids’ Edition” with Jocelyn Argueta on
April 22, 2020: https://youtu.be/itolqgK-7nQ.

[6] Introduction for IceCube’s ScienceWriters 2020 presentation by Jocelyn Argueta: https:
//youtu.be/-HtYiw6cDnU.

[7] South Pole Tour by John Hardin and Yuya Makino for IceCube Neutrino Observatory at
ScienceWriters 2020: https://youtu.be/n9UJ0f1xNwU

[8] Full recording of “Exploring the Cosmos from the South Pole Ice: A Virtual Tour of the Ice-
Cube Neutrino Observatory” at ScienceWriters 2020: https://youtu.be/oNHzCo9JxDo?
t=413


https://icecube.wisc.edu/news/outreach/2020/07/icecube-upward-bound-class-goes-virtual/
https://icecube.wisc.edu/news/outreach/2020/07/icecube-upward-bound-class-goes-virtual/
https://icecube.wisc.edu/news/outreach/2021/04/icecube-hosts-10-week-virtual-high-school-program-with-marquette-sdsmt-wipac/
https://icecube.wisc.edu/news/outreach/2021/04/icecube-hosts-10-week-virtual-high-school-program-with-marquette-sdsmt-wipac/
https://play.google.com/store/apps/details?id=edu.wisc.icecube.icebear
https://play.google.com/store/apps/details?id=edu.wisc.icecube.icebear
https://apps.apple.com/us/app/icecubear/id1533578432
https://icecube.wisc.edu/news/life-at-the-pole/2019/11/meet-jocelyn-argueta-our-2019-polartrec-educator/
https://icecube.wisc.edu/news/life-at-the-pole/2019/11/meet-jocelyn-argueta-our-2019-polartrec-educator/
https://youtu.be/ito1qgK-7nQ
https://youtu.be/-HtYiw6cDnU
https://youtu.be/-HtYiw6cDnU
https://youtu.be/n9UJOflxNwU
https://youtu.be/oNHzCo9JxDo?t=413
https://youtu.be/oNHzCo9JxDo?t=413

IceCube E&O

Full Author List: IceCube Collaboration

R. Abbasi!?, M. Ackermann®, J. Adams!8, J. A. Aguilar'?, M. Ahlers??, M. Ahrens®, C. Alispach?®, A. A. Alves Jr.3!, N. M.
Amin42, R. An'4, K. Andeen40, T. Anderson56, G. Anton26, C. Argijelles”, Y. Ashida38, S. AxanilS, X. Bai46, A. Balagopal V.38,
A. Barbano?3, S. W. Barwick3?, B. Bastian®®, V. Basu’8, S. Baurlz, R. Bays, J.J. Beattyzo’ 21, K.-H. Beckeljs, J. Becker Tjus”, C.
Bellenghi?’, S. BenZvi*®, D. Berley!®, E. Bernardini®® ©, D. Z. Besson>* ¢!, G. Binder® %, D. Bindig>®, E. Blaufuss!®, S. Blot>,
M. Boddenbergl, F. Bontemp031, J. Borowkal, S. Béser”, 0. Botner®’, J. Béttcher!, E. Bourbeauzz, F. Bradasciosg, J. Braun38, S.
Bronzs, J. Brostean—Kaiser”, S. Brownesz, A. Burgman57, R. T Burleyz, R. S. Busse‘“, M. A. Campana45, E. G. Carnie—Broncaz,
C. Chen®, D. Chirkin®, K. Choi’?, B. A. Clark?*, K. Clark?®, L. Classen*', A. Coleman*?, G. H. Collin'®, J. M. Conrad'®, P.
Coppinl3, P. Correa13, D. F. Cowen>- 56, R. Cross48, C. Dappenl, P. Dave®, C. De Clercq”, J.J. DeLaunayS(’, H. Dembinski*?, K.
Deoskar’?, S. De Ridder?®, A. Desai’®, P. Desiati®®, K. D. de Vries'3, G. de Wasseige!3, M. de With'?, T. DeYoung?*, S. Dharani',
A. DiazlS, J. C. Diaz—Vélez38, M. Dittmer‘“, H. Dujmovic31, M. Dunkman56, M. A. DuVernois38, E. Dvorak46, T. Ehrhardt39, P.
Eller27, R. Engel31’ 32, H. Erpenbeckl, J. Evanslg, P. A. Evenson42, K. L. Fanlg, A.R. Fazely7, S. FiedlschusterZ(’, AT Fienberg56,
K. Filimonovg, C. FinleySO, L. Fischer59, D. F0x55, A. Franckowiak”’sg, E. Friedmanlg, A. Fritz39, P. Fﬁrst], T. K. Gaisser42, J.
Gallagher37, E. Ganster!, A. Garcia14, S. Garrappasg, L. Gerhardtg, A. Ghadimi54, C. Glaser”’, T. Glauch27, T. Glﬁsenkampzé, A.
Goldschmidtg, J.G. Gonzalez4z, S. Goswami54, D. Grant24, T. Grégoir656, S. Grisw01d48, M. Giindijz”, C. Gﬁntherl, C. Haack27,
A. Hallgren57, R. Halliday24, L. Halvel, F. Halzen38, M. Ha Minh27, K. Hanson38, J. Hardin38, A. A. Harnisch24, A. Haungs“, S.
Hauser!, D. Hebecker'?, K. Helbingsg, F. Henningsen27, E.C. Hettinger24, S. Hickford®, J. HignightZS, C. Hill'%, G. C. Hill%, K. D.
Hoffman'g, R. HoffmarmSS, T. Hoinka23, B. Hokanson—Fasig38, K. Hoshina38: 62, F. Huang56, M. Huber27, T. Huber3! , K. Hu]tqvistso,
M. Hiinnefeld23, R. Hussain38, S. In52, N. Iovinelz, A. Ishiharal(’, M. Janssonso, G.S. Japaridzes, M. Jeongsz, B.J.P. Jones4, D. Kang31,
W. Kangsz, X. Kang45, A. Kappes‘“, D. Kappesser”, T. Karg59, M. Kar127, A. Karlesg, U. Katz20, M. Kauer38, M. Kellermann! ,J L.
Kelley?®, A. Kheirandish®, K. Kin!®, T. Kintscher®®, J. Kiryluk®!, S. R. Klein® ?, R. Koirala*?, H. Kolanoski!?, T. Kontrimas?’, L.
K6pke39, C. Kopper24, S. Kopper54, D.J. Koskinen22, P. Koundal31, M. Kovacevich*s , M. Kowalski 10 59, T. Kozynetszz, E. Kun!!,
N. Kurahashi45, N. Lad59, C. Lagunas Gualda59, J. L. Lanfranchi56, M. J. Larson19, F. Lauber58, J. P. Lazar'* 38, J.W. Leesz, K.
Leonard38, A. Leszczyr’lska32, Y. Li56, M. Lincetto“, Q. R. Liu38, M. Liubarskazs, E. Lohﬁnk39, C. J. Lozano Mariscal‘“, L. Lu38,
F. Lucarelli?3, A. Ludwig24’ 35 W, LuszczakSs, Y. Lyux’ 9, W. Y. Ma®, J. Madsen?®, K. B. M. Mahn24, Y. Makino®®, S. Mancina38,
I. C. Marig'?, R. Maruyama*3, K. Mase!®, T. McElroy?®, F. McNally®®, J. V. Mead??, K. Meagher®8, A. Medina?!, M. Meier!®, S.
Meighen—Berger27, J. Micallef24, D. Mocklerlz, T. Montarulizg, R.W. Moore25, R. Morse38, M. Moulail® ,R. Naabsg, R. Nagai16, U.
Naumann®®, J. Necker™?, L. V. Nguyénm, H. Niederhausen?’, M. U. Nisa?*, S. C. Nowicki?*, D. R. Nygren9, A. Obertacke Pollmann’8,
M. Oehler“, A. 01iva519, E. O’Sullivan57, H. Pandya42, D. V. Pankova56, N. Park33, G. K. Parker4, E. N. Paudel42, L. Paul4°, C.
Pérez de los Heros®7, L. Peters!, J. Peterson38, S. Philippen1 , D. Pieloth23, S. Piepel58, M. Pittermann32, A. Pizzuto38, M. Plum40, Y.
Popovych39, A. Porcellizg, M. Prado Rodriguez38, P.B. Priceg, B. PriesZ4, G. T Przybylskig, C. Raablz, A. Raissils, M. Rameezzz, K.
Rawlins3, I.C. Rea27, A. Rehman42, P. Reichherzer!! ,R.Reimann!, G. Renziu, E. Resconi27, S. Reuschsg, W. Rhode23, M. Richman45,
B. Riedel®8, E. J. Roberts2, S. Robertson®:?, G. Roellinghoﬁsz, M. Rongen”, C. Rott*®- 52 T. Ruhe??, D. Ryckbosch”, D. Rysewyk
Cantu24, L. Safal% 38, J. Saffer32, S. E. Sanchez Herrera24, A. Sandrock23, J. Sandroos”, M. Santander54, S. Sarkar44, S. Sarkarzs, K.
Satalecka59, M. Scharf!, M. Schaufel!, H. Schieler31, S. Schindler26, P. Schlunder23, T. Schmidtlg, A. Schneider38, J. Schneider26, F.
G. Schroder3!- 42 L. Schumacher?’, G. Schwefer!, S. Sclafani®®, D. Seckel#2, S. Seunarine*’, A. Sharma®’, S. Shefali32, M. Silva38,
B. Skrzypek”, B. Smithers4, R. Snihur38, J. Soedingrekso”, D. Soldin42, C. Spannfellner27, G. M. Spiczak47, C. Spiering59’ 61, J.
Stachurskasg, M. Stamatikos?! ,T. Stanev“, R. Steinsg, J. Stettner!, A. Steuer”, T. Stezelbergerg, T. Stiirwald>3, T. Stuttardzz, G. W.
Sullivan]9, I. Taboada6, F. Tenholt”, S. Ter—Antonyan7, S. Ti]av‘u, F. Tischbein', K. To]lefson24, L. Tomankova”, C. Ti)‘nni553, S.
Toscanolz, D. Tosi38, A. Trettin59, M. Tselengidou%, C.E Tungﬁ, A. Turcati27, R. Turcotte! ,C.F. Turley56, J.P. Twagirayezu24, B.
Ty38, M. A. Unland Elorrieta*!, N. Valtonen-Mattila>’, J. Vandenbroucke3®, N. van Eijndhoven13, D. Vannerom!?, J. van Santen’®, S.
Verpoestzg, M. Vraeghe”, C. Walckso, T. B. Watson4, C. Weaver24, P. Weigel's, A. Weind!®! , M. . WeissS6, J. Weldert39, C. Wendt38,
J. Werthebach23, M. Weyrauch32, N. Whitehorn24: 35, C. H. Wiebusch!, D. R. Willialn354, M. W01f27, K. Woschnaggs, G. WredeZG, J.
Wulff'!, X. W. Xu’, Y. X3!, J. P. Yanez?, S. Yoshida'®, S. Yu?*, T. Yuan®3, Z. Zhang"!

LI Physikalisches Institut, RWTH Aachen University, D-52056 Aachen, Germany

2 Department of Physics, University of Adelaide, Adelaide, 5005, Australia

3 Dept. of Physics and Astronomy, University of Alaska Anchorage, 3211 Providence Dr., Anchorage, AK 99508, USA

4 Dept. of Physics, University of Texas at Arlington, 502 Yates St., Science Hall Rm 108, Box 19059, Arlington, TX 76019, USA
5 CTSPS, Clark-Atlanta University, Atlanta, GA 30314, USA

6 School of Physics and Center for Relativistic Astrophysics, Georgia Institute of Technology, Atlanta, GA 30332, USA

7 Dept. of Physics, Southern University, Baton Rouge, LA 70813, USA

8 Dept. of Physics, University of California, Berkeley, CA 94720, USA

9 Lawrence Berkeley National Laboratory, Berkeley, CA 94720, USA

10 Ingtitut fiir Physik, Humboldt-Universitit zu Berlin, D-12489 Berlin, Germany

11 Fakultit fiir Physik & Astronomie, Ruhr-Universitit Bochum, D-44780 Bochum, Germany

12 Université Libre de Bruxelles, Science Faculty CP230, B-1050 Brussels, Belgium

13 Vrije Universiteit Brussel (VUB), Dienst ELEM, B-1050 Brussels, Belgium

14 Department of Physics and Laboratory for Particle Physics and Cosmology, Harvard University, Cambridge, MA 02138, USA
15 Dept. of Physics, Massachusetts Institute of Technology, Cambridge, MA 02139, USA



IceCube E&O

16 Dept. of Physics and Institute for Global Prominent Research, Chiba University, Chiba 263-8522, Japan

17 Department of Physics, Loyola University Chicago, Chicago, IL 60660, USA

18 Dept. of Physics and Astronomy, University of Canterbury, Private Bag 4800, Christchurch, New Zealand

19 Dept. of Physics, University of Maryland, College Park, MD 20742, USA

20 Dept. of Astronomy, Ohio State University, Columbus, OH 43210, USA

21 Dept. of Physics and Center for Cosmology and Astro-Particle Physics, Ohio State University, Columbus, OH 43210, USA
22 Niels Bohr Institute, University of Copenhagen, DK-2100 Copenhagen, Denmark

23 Dept. of Physics, TU Dortmund University, D-44221 Dortmund, Germany

24 Dept. of Physics and Astronomy, Michigan State University, East Lansing, MI 48824, USA

25 Dept. of Physics, University of Alberta, Edmonton, Alberta, Canada T6G 2E1

26 Erlangen Centre for Astroparticle Physics, Friedrich-Alexander-Universitidt Erlangen-Niirnberg, D-91058 Erlangen, Germany
27 Physik-department, Technische Universitit Miinchen, D-85748 Garching, Germany

28 Département de physique nucléaire et corpusculaire, Université de Genéve, CH-1211 Gengve, Switzerland

29 Dept. of Physics and Astronomy, University of Gent, B-9000 Gent, Belgium

30 Dept. of Physics and Astronomy, University of California, Irvine, CA 92697, USA

31 Karlsruhe Institute of Technology, Institute for Astroparticle Physics, D-76021 Karlsruhe, Germany

32 Karlsruhe Institute of Technology, Institute of Experimental Particle Physics, D-76021 Karlsruhe, Germany

33 Dept. of Physics, Engineering Physics, and Astronomy, Queen’s University, Kingston, ON K7L 3N6, Canada

34 Dept. of Physics and Astronomy, University of Kansas, Lawrence, KS 66045, USA

35 Department of Physics and Astronomy, UCLA, Los Angeles, CA 90095, USA

36 Department of Physics, Mercer University, Macon, GA 31207-0001, USA

37 Dept. of Astronomy, University of Wisconsin-Madison, Madison, WI 53706, USA

38 Dept. of Physics and Wisconsin IceCube Particle Astrophysics Center, University of Wisconsin-Madison, Madison, W1 53706, USA
39 Institute of Physics, University of Mainz, Staudinger Weg 7, D-55099 Mainz, Germany

40 Department of Physics, Marquette University, Milwaukee, WI, 53201, USA

41 Institut fiir Kernphysik, Westfilische Wilhelms-Universitdt Miinster, D-48149 Miinster, Germany

42 Bartol Research Institute and Dept. of Physics and Astronomy, University of Delaware, Newark, DE 19716, USA
43 Dept. of Physics, Yale University, New Haven, CT 06520, USA

44 Dept. of Physics, University of Oxford, Parks Road, Oxford OX1 3PU, UK

45 Dept. of Physics, Drexel University, 3141 Chestnut Street, Philadelphia, PA 19104, USA

46 physics Department, South Dakota School of Mines and Technology, Rapid City, SD 57701, USA

47 Dept. of Physics, University of Wisconsin, River Falls, WI 54022, USA

48 Dept. of Physics and Astronomy, University of Rochester, Rochester, NY 14627, USA

49 Department of Physics and Astronomy, University of Utah, Salt Lake City, UT 84112, USA

50 Oskar Klein Centre and Dept. of Physics, Stockholm University, SE-10691 Stockholm, Sweden

51 Dept. of Physics and Astronomy, Stony Brook University, Stony Brook, NY 11794-3800, USA

52 Dept. of Physics, Sungkyunkwan University, Suwon 16419, Korea

53 Institute of Basic Science, Sungkyunkwan University, Suwon 16419, Korea

54 Dept. of Physics and Astronomy, University of Alabama, Tuscaloosa, AL 35487, USA

35 Dept. of Astronomy and Astrophysics, Pennsylvania State University, University Park, PA 16802, USA

56 Dept. of Physics, Pennsylvania State University, University Park, PA 16802, USA

57 Dept. of Physics and Astronomy, Uppsala University, Box 516, S-75120 Uppsala, Sweden

38 Dept. of Physics, University of Wuppertal, D-42119 Wuppertal, Germany

59 DESY, D-15738 Zeuthen, Germany

60 Universita di Padova, I-35131 Padova, Italy

61 National Research Nuclear University, Moscow Engineering Physics Institute (MEPhI), Moscow 115409, Russia
62 Earthquake Research Institute, University of Tokyo, Bunkyo, Tokyo 113-0032, Japan

Acknowledgements

USA - U.S. National Science Foundation-Office of Polar Programs, U.S. National Science Foundation-Physics Division, U.S. Na-
tional Science Foundation-EPSCoR, Wisconsin Alumni Research Foundation, Center for High Throughput Computing (CHTC) at the
University of Wisconsin—Madison, Open Science Grid (OSG), Extreme Science and Engineering Discovery Environment (XSEDE),
Frontera computing project at the Texas Advanced Computing Center, U.S. Department of Energy-National Energy Research Scientific
Computing Center, Particle astrophysics research computing center at the University of Maryland, Institute for Cyber-Enabled Research
at Michigan State University, and Astroparticle physics computational facility at Marquette University; Belgium — Funds for Scientific
Research (FRS-FNRS and FWO), FWO Odysseus and Big Science programmes, and Belgian Federal Science Policy Office (Belspo);
Germany — Bundesministerium fiir Bildung und Forschung (BMBF), Deutsche Forschungsgemeinschaft (DFG), Helmholtz Alliance for
Astroparticle Physics (HAP), Initiative and Networking Fund of the Helmholtz Association, Deutsches Elektronen Synchrotron (DESY),
and High Performance Computing cluster of the RWTH Aachen; Sweden — Swedish Research Council, Swedish Polar Research Sec-
retariat, Swedish National Infrastructure for Computing (SNIC), and Knut and Alice Wallenberg Foundation; Australia — Australian



IceCube E&O

Research Council; Canada — Natural Sciences and Engineering Research Council of Canada, Calcul Québec, Compute Ontario, Canada
Foundation for Innovation, WestGrid, and Compute Canada; Denmark — Villum Fonden and Carlsberg Foundation; New Zealand —
Marsden Fund; Japan — Japan Society for Promotion of Science (JSPS) and Institute for Global Prominent Research (IGPR) of Chiba
University; Korea — National Research Foundation of Korea (NRF); Switzerland — Swiss National Science Foundation (SNSF); United
Kingdom — Department of Physics, University of Oxford.



	Introduction
	PolarTREC
	IceCube for High School Students
	IceCube for Science Writers
	IceCube for All
	Summary and Outlook

