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IceCube
Neutrino 
Observatory

• Cubic-kilometer of instrumented ice

• 5,160 light sensors on 86 strings

• ~2,500 cosmic ray events/second

• ~10 neutrino events/hour

• ~10 astrophysical events/month

• 10+ years of full operation
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IceCube Education & Outreach

The IceCube E&O program engages local, national, and international 
audiences of all ages

E&O is recognized at the collaboration level including a position for 
Associate Director for Education & Outreach

We utilize a variety of activities and outreach venues including:
• Science festivals and outreach events

• Educational programs

• Web-based materials and events
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WIPAC’s Role

The Wisconsin IceCube Particle Astrophysics Center (WIPAC) at 
UW–Madison serves as the lead IceCube institution and hub for 
collaboration-wide E&O activity 

WIPAC E&O staff provides event coordination for webinars from 
the South Pole, posters and graphic design resources, 
collaboration-wide web materials, Masterclass materials, swag and 
other requests 
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IceCube E&O leverages efforts through partnerships with external 
programs and a volunteer base of scientists

This allows us to reach diverse audiences and sustain programming 

Example partnerships:

• PolarTREC pairs educators with researchers who provide polar 
research experiences (10 for IceCube so far!)

• UW-River Falls Upward Bound Federally funded college prep program 
for low-income high school students

• Wisconsin Institute for Discovery/Field Day 
• Virtual reality experiences and outreach to rural libraries
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Leveraging Efforts

https://www.polartrec.com/
https://www.uwrf.edu/ContinuingEducation/Youth/Upward-Bound.cfm
https://wid.wisc.edu/wid-collaboration-visualizes-neutrino-data-in-3d/
https://fielddaylab.wisc.edu/play/ice-cube/


Roadmap

Numerous E&O activities take place at IceCube institutions every 
month!  It is truly a collaboration-wide effort

Today’s talk will focus on:

➢Programs for high school students

➢Programs for the general public, educators and younger students

with an emphasis on WIPAC programs
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Programs for High School Students
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IceCube Masterclass

Advanced high school physics students spend a day on campus 
learning about IceCube and completing a data analysis activity 
• Inspired by IPPOG Masterclasses and QuarkNet

• Collaboration-wide effort (18/56 institutions in 2022) 

https://masterclass.icecube.wisc.edu/ Website currently available in 5 languages! 
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https://ippog.org/international-masterclasses
https://quarknet.org/
https://masterclass.icecube.wisc.edu/


IceCube Masterclass: Data Analysis

Participating institutions use one of two analysis activities, available 
through the masterclass website 
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WIPAC Internship

• Started in 2013 by then WIPAC Postdoc 
Naoko Kurahashi Neilson

• Theme and content was compiled by a lead 
postdoc or scientist

• Over time, harder and harder to find 
volunteers to lead the program
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WIPAC Internship

• Steady growth each year from ~12 -> 50+ 
applicants in 2019

• Evolved to 10-week after school program
• ~4:00-6:00pm once per week

• At WIPAC offices in downtown Madison

• No cost to students but no stipends either 
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WIPAC Internship 
to
IceCube After School

• Pivot to virtual program with COVID

• Project-based and student-driven

• 10-weeks, 1.5 active hours/week
• First 9 weeks includes a guest speaker who 

shares their path in physics and research

• Final week is a student showcase of final 
projects



IceCube After School: Journey to 
the Cosmos

Project-based and student-driven
• Students learn and use engineering design cycle and coding

• Use new coding skills to convey information about IceCube to audience of 
student’s choice

• Peers and guests give feedback during final showcase

2021: 36 students

2022: 13 students

Partnered with regional institutions for a wider recruitment field
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• People power
• Dr. Katherine Shirey – program 

designer and facilitator 

• 9 volunteer guest speakers

• 3 volunteer coding “experts”

• 1-2 E&O staff

• Program site with lessons, 
recordings, agendas
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What It Takes
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In 2020, a group of WIPAC staff looked 
at E&O recruitment and promotional 
materials with a diversity, inclusion, 
and equity lens

Q: Can you spot a few differences 
between the recruitment flyers for the 
2019-2020 session (left) compared to 
the 2022 session (right)? 

IceCube After School: Diversity and Inclusion
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A: de-emphasized “astrophysics” as 
the main selling point. 

A: focused on creative and artistic 
program components

A: got rid of “internship”

A: told students program is a good fit 
for them. 

IceCube After School: Diversity and Inclusion



IceCube After School: Website

Landing page and menu for program site Weekly page with speaker bio
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Other Experiences

• High school student research projects or 1:1 research mentoring

• Art-Science with UW Prof. Faisal Abdu’Allah and York U. Prof. Mark-David Hosale 

• Past projects focused on photography, light, and science identity

• Working with ~6 at-risk youth on student-driven projects merging artistic interests 
with coding and science

• Fall GLEAM Tidal Disruption Event light exhibit in Madison---large scale light 
installations created by local, regional, and international designers
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https://arthistory.wisc.edu/staff/faisal-abduallah/
https://www.mdhosale.com/works/
https://www.olbrichgleam.org/


• 9-day residential summer science program

• Reaches underrepresented students and 
provides professional development 
opportunities for educators

• Leverages IceCube science and PolarTREC 
educator experience

• Focus is on science/engineering process 
rather than astrophysics

• Running for ~15 years, ~700 students total
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Upward Bound at UW-River Falls



Programs for General Public, 
Educators & Younger Students
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Challenge: come up with an experiment that 
will work in your hometown, but if repeated at 
the South Pole, would give a different result

• Open to student groups in Belgium

• A jury of IceCubers, science communication 
experts, and educators determines winners

• Winning experiments carried out at the 
South Pole

• Takes dedicated teachers to promote 
participation and guide students
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South Pole Science Experiment Contest

A Program for Middle 
School Students!



• Pairs science educators (teachers/informal) with 
Polar researchers who provide field experiences

• IceCube-PolarTREC partnership since 2009          
(10 deployments!) 

• Strong outreach component
• Jocelyn Argueta aka “Jargie the Science Girl” deployed 

in 2019

• Produced a blog, videos, webcasts, and Tiny Ice videos

• Elaine Krebs, lead educator at the California Science 
Center, is slated to deploy next
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PolarTREC

https://www.polartrec.com/expeditions/icecube-and-the-askaryan-radio-array-2019
https://www.polartrec.com/resources/informal-education-product/tiny-ice-bits-antarctica-video-series
https://www.polartrec.com/search?fulltext=icecube
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Augmented Reality App

• A free smart phone that allows users to get near 
real-time alerts for potential astrophysical neutrinos

• Displays event with a sound mapping 

Development team



Artists include:

Faisal Abdu’Allah

Mark-David Hosale

Tim Otto Roth 

Donald Fortescue

Michael Hoch
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Art-Science Collaborations

https://arthistory.wisc.edu/staff/faisal-abduallah/
https://www.mdhosale.com/works/
https://zkm.de/en/person/tim-otto-roth
http://www.donaldfortescue.com/
https://mhoch.web.cern.ch/Art@CMS/ORIGIN_2022.pdf


Outreach Events

• Participate in annual events such as WI 
Science Festival, Science Expeditions, Physics 
Fair, World Science Festival.

• Activities and materials include
• Digital optical module

• Scale model of the detector

• Virtual reality game + gear; construction video

• Cold weather gear

• Bean bag toss

• Stickers, tattoos

• Posters and diagrams
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Online Outreach Materials

For younger kids and kids at heart:

• Rosie & Gibbs comic

• 11 languages for some editions!

• Tiny Ice videos

• Coloring pages

• Festive-themed crafts

• YouTube videos

• Social media
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https://icecube.wisc.edu/outreach/activities/


• Growing interest/demand for programming for high school students 
… but, many high school students are overbooked and over-engaged

• Virtual programming with high school students takes extra time and 
resources to do well

• It takes concerted effort (i.e. paid staff) to sustain programming even 
if it’s almost entirely volunteer-led

• Leveraging other programs makes resources go further, has mutual 
positive benefits for all groups involved, and adds sustainability
• Find collaborators and learn about their needs

• Develop programs to meet collaborators’ needs
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Lessons Learned
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Thank You!

madsen@icecube.wisc.edu
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Backup Slides



Five-seven roles at WIPAC contribute to E&O efforts.
• Outreach specialist

• Events and outreach coordinator

• Communications manager

• Technical editor

• Executive director

• Graphics designer

• Undergraduate assistant(s)

Each position also has several other responsibilities.
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WIPAC E&O Staff



IceCube Masterclass

• Started in 2014; 8th edition in 2022 (cancelled 2020)

• High school students are registered by their teacher
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IceCube Masterclass

Aside from data analysis, there is a lot of local 
variation in the schedule and activities

• At WIPAC, we have 3 talks about IceCube and 
grad school in the morning with the analysis 
activity occurring in the afternoon 

• In the beginning…all institutions held their 
masterclass on the same day and connected 
virtually for student presentations and calls 
with the winterovers at the South Pole
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IceCube Masterclass: Through 
COVID

A virtual program is very difficult!

• Hard to help students troubleshoot without seeing screens 

• WIPAC’s virtual masterclass in 2021 had very low registration numbers

In-person programs in 2022 had hit-and-miss registration numbers

• Some institutions closed registration early or grew registration by 50%

• Other institutions cancelled due to lack of interest 
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Over the 10 week program, each 
week has a different focus and 
new material that is covered

Students were able to give 
feedback on how things were 
going several times 

Three-four volunteers 
experienced with python joined 
every week to give support
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A Sample Week
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Recruitment Flyer Progression

2015 2016 2019 2022



IceCube After School: Final Projects
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IceCube After School: Final Projects
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IceCube After School: Final Projects
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IceCube After School Feedback

“I really benefited from the constant engagement that was part of this 
program which helped me learn a lot more and make me more excited 
to continue learning about it.”

“The various guests is one of the coolest features in my opinion. It 
allows for a wider audience to be inspired or admire the subject of 
physics and provides a great range of approaches to all our favorite 
subjects.” 

“Everything went well. I especially liked the programming aspect.”
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Outreach Programs

• Group tours for fellowship programs, after school 
clubs
• Intro talk on IceCube, tour of offices and local labs

• Webinars for societies and clubs
• Live connection with winterovers at South Pole

• University outreach programming (Grandparent’s 
University)
• Talks, demos, and games about neutrino physics and living 

and working at the South Pole
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