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Education and outreach

Christian Ohm (KTH), with material from many
RECFA meeting, Lund, May 16, 2024
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University system in Sweden - with an eye towards HEP

« Swedish higher education implements the Bologna system, first and second cycle:
* BSc: 3 years, thesis is one semester at 50%

« MSc: 2 years, full-time

« Two main paths to research in physics related to accelerators
* MSc in Physics
* MSc in Engineering Physics

* PhD is 4 years full-time, up to 5 years with < 20% teaching
« One year of courses (often spread out over PhD)

« Fully employed, full social security benefits (e.g. parental leave), decent salary
= competitive for attracting strong international candidates



University system in Sweden - with an eye towards HEP
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% "Max:122.5

2010 2012 2014 2016 2018 2020 2022

—@—Chalmers —@—KTH ——@=—Lund —@—Uppsala

2024

200
180
160
140
120
100
80
60
40
20

0
2008

MSc Engineering Physics - admitted students

St

2010 2012 2014 2016 2018 2020

—@—Chalmers —@—KIH —@=—Lund —@—Uppsala

« Grades required and number of admitted students for the
Engineering Physics BSc+MSc program (admission from HS)

2022

 Attractive program, with possibilities to select tracks with QFT,

SM, LHC physics courses

« Gender diversity better in pp-related courses (50/50) than

overall (~80% male)

2024
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University system in Sweden - with an eye towards HEP
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« Uppsala: Nuclear & Particle
* Grades required and number of admitted students for the e Sthim: Particles & Cosmos
Engineering Physics BSc+MSc program (admission from HS)

 Attractive program, with possibilities to select tracks with QFT,
SM, LHC physics courses

« Gender diversity better in pp-related courses (50/50) than
overall (~80% male)



Outreach

* Swedish community is very active in outreach

« Strong interest!

» Experience = creativity and improved skills
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Outreach

* Swedish community is very active in outreach

« Strong interest!

« Experience = creativity and improved skills
* Many reasons!
* Inspire the next generation of scientists!
* Our responsibility to inform the general public, they help pay for it — we need to nurture their trust
* Inform about what our research gives back to society
* Explain how we do research
* Fun! Reminds us of the big picture, rewarding on a personal level

* It's our job! Outreach is the third task for faculty (law since 1977)
= Despite this, very little/no resources and funding are available for it
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Outreach

* Swedish community is very active in outreach

« Strong interest!

« Experience = creativity and improved skills
* Many reasons!
* Inspire the next generation of scientists!
* Our responsibility to inform the general public, they help pay for it — we need to nurture their trust
* Inform about what our research gives back to society
* Explain how we do research
* Fun! Reminds us of the big picture, rewarding on a personal level

* It's our job! Outreach is the third task for faculty (law since 1977)
= Despite this, very little/no resources and funding are available for it

Will showcase recent examples of outreach activities - and particle physics in education!
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International Masterclasses (high school students)

Driven and supported through IPPOG, reaching over
10k students/year

Full day with 20-50 students + teachers, video
conference with CERN and schools in other countries

ATLAS (W*/2Z) and IceCube

Given in all cities with experimental HEP research
(Lund, Uppsala, Stockholm), and also Gothenburg

* Challenging during COVID, need to ramp up again,
but e.g. Lund very active recently, twice per year



https://atlas.physicsmasterclasses.org/en/index.htm
https://masterclass.icecube.wisc.edu/?_gl=1*juz8zg*_ga*MTgyMzc0OTQzNi4xNzE1NzA0MTYz*_ga_98K7YD1QQM*MTcxNTcwNDE2My4xLjAuMTcxNTcwNDE2My42MC4wLjA.&_ga=2.170961189.446420844.1715704164-1823749436.1715704163
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International Masterclasses (high school students)

* Driven and supported through IPPOG, reaching over
10k students/year

* Full day with 20-50 students + teachers, video
conference with CERN and schools in other countries

e ATLAS (W*/2Z) and IceCube

« Given in all cities with experimental HEP research
(Lund, Uppsala, Stockholm), and also Gothenburg

* Challenging during COVID, need to ramp up again,
but e.g. Lund very active recently, twice per year

Quote from high school teacher (sent to Korinna Zapp, LU):

“Thanks for giving us the possibility to send students to the
masterclasses in particle physics. Last year three students
attended, and today two of them study physics and one
mathematics at LTH”



https://atlas.physicsmasterclasses.org/en/index.htm
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Visits to CERN

* Frequently organize visits for high school and university
groups at CERN

* Gives strong and lasting impression, not unusual that
these visits lead to longer term goal of working in physics

« But: As CERN's visit capacity has grown, so has bureaucracy
- now both more time consuming and stressful to organize
visits as Member of Personel at CERN

/

23 physics students at CERN, Jan 2024 g

Group incl. HS students from Falun in 2023

e~
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* Labs created at our universities to let students use
open CERN data and explore the subatomic world
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« Example (KTH): 3rd-year students measure mass
of the Z using real ATLAS data

* ~600 students since 2018 20y

» Great task for teaching signal vs. bg, modeling,
. . . . H : are invisible to
fitting, and stat. analysis — key general skills =y -
for science and engineering :
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Figure 3: Invariant mass of the ZU boson, approximated as the function (1), on the range [87.93]
[GeV].



Open data in teaching

* Labs created at our universities to let students use
open CERN data and explore the subatomic world

« Example (KTH): 3rd-year students measure mass
of the Z using real ATLAS data

* ~600 students since 2018

 Great task for teaching signal vs. bg, modeling, *
fitting, and stat. analysis — key general skills
for science and engineering
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Figure 3: Invariant mass of the Z° boson, approximated as the function 1), on the range [87,93]
[GeV].
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Open data in teaching

* Labs created at our universities to let students use
open CERN data and explore the subatomic world

« Example (KTH): 3rd-year students measure mass 3
of the Z using real ATLAS data
* ~600 students since 2018 2°/
ut

» Great task for teaching signal vs. bg, modeling,
fitting, and stat. analysis — key general skills
for science and engineering

Number of event
=]
2
8
II|I[ T
——
e

b Seeeeaper n » s PR
9 0 80 100 120 140
Invariant mass [GeV]

Figure 3: Invariant mass of the Z' boson, approximated as the function ﬂ). on the range [87,93]
[GeV].

L |
High School Project In 2019!

berzan Gymnasiearbete

BERZEUUSSKOLAN LaSéret 2023/2024

J. Andersson, J. Friberg, J. Lyreborn

“ Analys av atmosfariskt
Myonflode

M .. S
ryyr;c::flodets e.nef'glspndnmg och Materialinteraktioner samt
och zenitvinkelns paverkan pa detektionsfrekvensen

Berzeliusskolan

Naturvetenskapsprogrammet
Mikael Rydfalk
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Museum events (general public)

'Sl B o . Organizeql “researcher holiday” at Technology
B f = A Museum in Stockholm three years in a row,
i | /| S N X 8 during November school break — lots of
R N — SN SN - e families visit (~3k visitors/day)

» Children can win prizes if they meet and talk to
researchers and check off if they find ones who

* have lived in a different country
* made a mistake

« Fantastic setting to practice explaining what
we do to different people — ideal training
ground!

» Also organized popular science lectures at “Life
Eternal” exhibition by Nobel Prize Museum and
Liljevalchs art gallery (link)



https://evigtliv.nobelprizemuseum.se/program/mork-materia/

Media: TV, radio, magazines, podcasts, etc
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Till vanster, Magdalena Vande Voorde, doktorand i experimentell partikelfysik pd KTH. Till hoger, Ellen Riefe!
doktorand i experimentell partikelfysik p4 Stockholms universitet. De visar upp en legomodell av ATLAS-
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Tracing A Neutrino’s 4 Billion Light-Year Journey

Scientists were able to pinpoint the origin of a high-energy neutrino to a supermassive black hole

for the first time.
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“%%BK 203 OKT Telescope in Antarctica's Ice

Two kilometres deep in the glacial ice at the
South Pole lies what is perhaps the world's
strangest telescope. This is the IceCube
Neutrino Observatory: thousands of detectors

Many Of these Iectures are spaced thoughout s cubie Klometre of ce

looking for the light made by subatomic

4296\}9

Gravitationsvager

" l | 7;5"5“6‘“5*7_

. . I particles that are streaming through the Earth.
Neutrinos are unique particles that pass easily through matter,
recorded and a vallable onllne ] and they can reacﬂ uspfrom hidden ;Iaces \ikeythe intén’ors of stars
3, and from the most powerful particle accelerators in the cosmos. In
3 ] 2 this talk | will describe how we do neutrino astronomy at the
! | O plare in R URVErSR “ f y South Pole, and the universe that neutrinos reveal to us..

Meet Chad Finley, lecturer

START ~ FORSKARFREDAG NARA DIG~  LANA EN FORSKARE v  MASSEXPERIMENT v OM FOI

MAJA O

Partikelaccelera

LANA EN FORSKARE — HALL OF FAME

R

-dar vi har
tillgang till en elektronstrale-

|

De ér relativt sékra pa att de kan se
om det hander nat konstigt pa ESS-

Dark Matter: How to bring light
MAR into the dark universe

From astrophysical observations over the last
100 years we have learned that the stars,
planets and all the matter which surrounds us
only make up 5% of the total energy density in
the universe. The unknown 95% consist of the
invisible dark matter and the even more
mysterious dark energy. | will discuss how we

try to find dark matter using a big detector 1400 m under a

mountain in Italy with the most sensitive light detectors in the

world, which we test here in Stockholm.

Meet J6rn Mahlstedt, postdoc

Tid: k1 18.15-19.15
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https://www.youtube.com/watch?v=CDMHpdsMRtY
https://youtu.be/SWzpBPSuQ9s?si=s-n0hrtQIqrOszRM
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Big Science Sweden (ILO) - advertises career opportunities

* Helping greatly to inform about
university students opportunities at
CERN

In 2023 alone, 14 events were organized
to advertise student programs and
careers at various student fairs, lunch
lectures, etc

* Hope that this will increase the
number of Swedish applications

* Big Science Sweden now receives
funding from VR to help with this —
would be great if this support
continued!

@ bigsciencecareer.se

Physics £ Statistics £ Computing £ Outreach £ Teaching £9 oid - [y sigPanda WM Search E-groups £ Private £ Grants

AKTUELLT  KARRIARVAGAR  VAD AR BIG SCIENCE?  FORSTUDIEVAGLEDARE ~ OMOSS  KONTAKT

S S
A

ARMADA

Kom till Armada pa KTH Campus och triffa
Big Sclence Sweden.

Studiebesék pa
Tandemlaboratoriet

LUND, KARRIARMASSA Spannance foretag pd od
plats. Letar du efter sommarjobb, examensarbete eller miljé av skning 'rc:!h alp an
prakeik? Har kan du boka jorstrila orgi

arium om CERN, viridens mest avanceras
facgning. Kan CERN vara nasta steg i din

BN DIGITALT Chy
d Jacobsson astronaut, utan ¢
har jobbat

1S aula | Lund Mot Richar

¢ ® O +
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CERN 70 outreach tour - first leg this week!
[ ]
* Repeat of successful tour for 60th anniversary! 2024 tour of Sweden
. . - celebrating CERN 70 years Luled 20/9
- Advertise CERN student programs at universities, rating year
especially those without hep-ex research Ume& 18/9
» Lectures for general public — in varying settings
g9 P ying 9 Sundsvall 16/9
* Organized in collaboration with Big Science Sweden
(More events planned, e.g.
CELEBRATE CERN 70 YEARS Uppsala for Higgs 2024)
GOTEBORG LUND UNIVERSITY MALMO UNIVERSITY LA A
CHALMERS ASTRONOMIHUSET ORKANEN Goéteborg 13/5 Linkdping 15/11
Exhibition 10:00-16.00 Exhibition 10:00-16.00 Exhibition 13:00-16.00 Vaxo 13 11
Lunch seminar12.1§ » Lunch seminar 1215 e Lunch seminar 1215 v Lund 15/5 J /
avm]able{o S'.vedxshz.?udc;nts available tlo Swedlshz{t]udentsh) available fo Swedishi?udents Ma[mo 17/5 Karlskrona 11/11

Evening lecture 19.00 Evening event 18.00 Evening lecture 12.30
Pitchers sports bar Science Showcase The Wisdome Malmé
in Majorna at Stadshallen Teknikens och Sjofartens hus

* PhD students, postdocs, faculty all contributing
enthusiastically and significantly

E:/‘/""“_ > = —_—— = . . .
e S tigsdencecarcorse T SN - L * Fun and rewarding — also serves as team building
12

Register for the lunch seminar
LUNCH IS INCLUDED IF YOU REGISTER IN ADVANCE




CERN 70 outreach tour - Gothenburg (Monday)

=
=
=
~
=
—

\







EEEEEEEEE

Concluding remarks

The Swedish particle physics community is quite active in communicating with various groups, inspiring the
younger generation and explaining the value of our research to the general public

IPPOG: formal international collaboration collecting resources and best-practice examples of good
outreach in particle physics - Sweden long-time member, nat. rep. Jonas Strandberg = CO (2024)

Responsibility roles: Rebeca Gonzalez Suarez (Uppsala) was Education & Outreach coordinator in ATLAS
2021-2023 (physics briefings, YouTube, social media, open data, ...)

All universities with active research groups in HEP also offer a broad range of courses at BSc, MSc and PhD
level — and also supervise interested high school students with various projects

Many of us very much enjoy doing outreach, but wish it was more recognized (time & merit value), and that
there were more (flexible) funding possibilities for projects (law requires us to do outreach!)

« Example: IPPOG membership fee is EUR 3k/year, but a time-consuming struggle every year to find
funds we're allowed to pay it with

Started several new initiatives for reaching more people

- Big Science Sweden (students), science festivals and museums (general public) — good partnerships
make for more effective outreach, and we can build further on this!
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Back-up slides



EEEEEEEEE

Follow-up from 2016: Physics and Math in school, results over time (PISA)

* PISA study tests discussed in last RECFA
visit in Sweden 8 years ago, showing a steep
decline in the 2012 tests
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» Gradually recovered in Sweden until 2018,
but dipped down again in 2022 (pandemic?)
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» Gradually recovered in Sweden until 2018,
but dipped down again in 2022 (pandemic?)

* Overall, Sweden in 15th place of 37 in OECD
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Follow-up from 2016: Physics and Math in school, results over time (PISA)
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