and other running initiatives on
education and outreach

U 4th ET Consortium Meeting
12th of November 2025.

Gideon Koekoek
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Why is outreach so important?

What we say:

AN aTiSUC view of the proposed Ersten Telescope cbsenatony, (Image credn: ASPERA)

“We’re going to learn a lot more
black holes and neutron stars!”

@

W your cows sick!

What people (might) hear:

@wamp you with gravitational radiation.

We’ll build a factory
complex in your beautiful
landscape.

Your living costs will
become much more
expensive!

m put dangerous

materials in the ground,

We are going to use your

Maastricht University

money to study things
only we understand.
dr. Gideon Koekoek: gideon.koekoek@mraastrichtuniversity
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Smorgasboard of activities (from ET@EMR)

* Regular townhall meetings in municipalities
e
P e | e &
— * Science festivals
o i < (L oo e *  Presentations to professional stakeholders
(representatives of Governement, etc.)
* Visits by ambassadors, members of
parliament, regional/national/international
De Einsteintelescoop: ET voor de vrienden litici
Bert Vercnocke en Daniel Mayerson politicians
Follow |+ * Visits to/from schools, teachers, etc.
All Episodes *

Contributions to tv-items, radio,

1 ="De Einsteintelescoop is geon telescoop™ ' .
Wo dlluc wat,w - *  ETroadshow (starts next week in Belgium)

4 S0pt « 19 min 14 sex

5%
* Many, many more.

® o
Bezoek nu de expositie open.spotify.com/
van de Einstein Telescope how/ ] . . . .
e ;8OL\;VAhQFy5t5M|KEreC4 dr. Gideon Koekoek: gideon.koekoek@maastrichtuniversity.nl 3
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What to convey about gravitational wave science

.. A new window to the universe

.. technological spin-off

.. collaboration between
countries

.. attractor and connecting point

for talent

<y Maastricht University

What will ~ make of it?

Academia

Connection Technology & industry

dr. Gideon Koekoek: gideon.koekoek@maastrichtuniversity.nl 4



mailto:gideon.koekoek@maastrichtuniversity.nl
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Can we offer gravitational wave
science to (secondary) education?

Examenprogramma
Two misconceptions to be removed: natuurkunde vwo

“GW science is too difficult for
secondary education.”

Het eindexamen

Het eindexamen bestaat uit het centraal examen en het schoolexamen.

Domein A  Vaardigheden
DomeinB  Golven
“ ) Domein C  Beweging en wisselwerking
I I I Domein D Lading en veld
GW science is too niche. DomeinD  Ladngenveld

Domein F  Quantumwereld ¢
Domein G Leven en aarde

Domein H  Natuurwetten en modellen
Domein | Onderzoek en ontwerp

A typical curriculum has ~ 80% overlap with
gravitational wave science!

<3 Maastricht University dr. Gideon Koekoek: gideon.koekoek@maastrichtuniversity.nl 6
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Example: Spacetime Quest

Space Time Quest

‘-'-f Star

S Instructions
IR L L Highscores
Settings

Credits

Quit

<y Maastricht University

Client

Year

Leaderboards
" [

Technology

Contributors

es®
0eo

~

@

_

Build your own GW detector.

~

Toggle mirror weight, suspensions,
temperature, location, lasers, etc.

Finite resources, so choose wisely!

After choices made, app presents

Mpc

),

(more examples to follow, e.g. ETEC)

dr. Gideon Koekoek: gideon.koekoek@maastrichtuniversity.nl
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The theory is dlfflcult so what method to use?

* Metaphors * Let the mathematics do the talking!
“Gravity is a stretched surface, like a 05 0S5
Y . C S — Cl4CB \/ —gR :a)\
heavy object on a trampoline 09, Ox\G v

Reconnecting dots
% Maastricht University 8



Reconnecting dots:

Mass measures how much an object speeds
up due to gravity

Mass measures how much an object does
not like to speed up

Gravitational motion is universal!
la Maastricht University



Reconnecting dots:




What did we do here?

Amazement / curiosity

Analysing Evaluating Designing

Applying

Reconnecting

Learning dots

Understanding

Remembering

% Maastricht University



How to reconnect dots: start with curiosity.

BLACK HOLES.
NOBEL PRIZES, &
THE IMPOSTER
SYNDROME

Barry Barish

U2

< Maastricht University
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| think that the thing that is
singularly the biggest problem,
(....) that is so obvious to me is
that young kids, five-seven
years old are incredibly curious,
they keep pestering you with
questions and they want to
know everything. But then the
kids who come to CalTech, they
don’t ask questions anymore.
They ask questions on how to do
their homework. Somehow in
our educational system, we Kkill
curiosity.



https://www.youtube.com/watch?v=2JgatLA6pJM

The Einstein Telescope Education Centre

EINSTEIN TELESCOPE
EDUCATION CENTRE

Discovery Museum Kerkrade gets
education centre about the Einstein
Telescope

www.einsteintelescope-
emr.eu/blog/2024/06/26/

einstein-telescope-education-
centre-officieel-geopend/

The Thnstein Telenc ope Dducstion Centre’ or ETTC ke short thinis the name of the aducstioncsntre thet
e Dot b Dhacowery Moame ot Kachrade wit sot wp 0 s fve-ationey Outm Brabdivn). Scioci v bdven Can

W TR n Laadt g S atartals Danad o anrreet reted roh 60 Tha | lnatem Talaiaopa. 1 adalion § TRC
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Part 2:
Follow interactive lecture

Part 3: do workshops

Part 1:
Watch 3D-movie

i Part 4: Report
% Maastricht University : on findings




* Interferometry
Perform distance measurements
using laser light

* Noise mitigation
Use Newtonian mechanics to
dampen vibrations

Find and identify black hole collisions
in data (we'll see it in a bit)

 Geophysics
Acoustic investigations of soil

Einstein Telescope is perfectly suitable for

school classes!

U2

< Maastricht University



ETEC: been running for a year+ now.

About 25 classes have visited ETEC, mostly from the
Netherlands/Limburg. This amounts to about 500 students
(and counting).

Reactions have been very positive, both from teachers as
from students.

ETEC is in talks to have structural visits from Germany and
Belgium classes as well.

ETEC has recently been opened to general public as well.

(prospective): ETEC @ home is being developed by UM and
the Leuven Gravity Institute.

(prospective): Grant (GK, Flemish parties) is pending to hire to great Success|

a researcher to do measuring of efficacy of ETEC.

(prospective): Build hosting of students all over Europe (Al,
but will also require native speakers).

How much?

Ask PhD candidate Emma Prins in ~year
E’a Maastricht University dr. Gideon Koekoek: gideon.koekoek@maastrichtuniversity.nl 16
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MaGIC: European teacher training

~ 30 high school teachers from
the countries in ET-consortium.

/ days, 6 nights,
local hosting in EMR region.

Training Iin physics, technology,
and didactics.

Back home: start local teacher
communities.

Maastricht University

MAASTRICHT GRAVITATIONAL INSPIRATION CURRICULUM

17 - 23 AUGUST 2025 | MAASTRICHT, THE NETHERLANDS

An all-in summer course for teachers, on the physics of the Einstein Telescope and
how to effectively teach this in upper high school physics classes.

Funded locally by the Gouvernement of the
Province of Limburg



MaGIC week programme: themes and activities

* Mornings: Theory
(“what is the physics”?).

* Afternoons: Didactics
(“How do | tell this to my
students”?).

* Evenings: Social activities
/(“Building learning communities”).

PERIMETER
INSTITUTE

+Many more contributors, to build European community.

(Feel welcome to contribute! If so, contact me @ fse-magic@maastrichtuniversity.nl)



Day

Sunday

Monday

Tuesday

MaGIC week programme: themes and activities

Theme/Topics

Arrival and Welcome

Relativity Theory and Gravitational Waves

Practicals in Class

Wednesday Measuring Gravitational Waves

Thursday

Friday

Saturday

Scientific Maastricht & Limburg

Multimessenger Astronomy & Local Learning
Communities

Farewell and Departure

Activities Location(s)

(® Reception and registration of MaCIC participants Maastricht
® Welcome dinner

® Visit to Discovery Museum and ETEC
® Lectures on relativity theory and gravitational waves, and their history
(® Workshops on didactics

® Viewing of the film SpaceTime

® Workshops on in-class practicals (interferometry, data analysis, geophysics, noise
reduction

® Practical discussion

@® Tour of ETpathfinder anc laboratories ETpathfinder, Onze Lieve Vrouwe

® Lectures on measurement techniques and instrumentation Plein
® Workshops on instruments and educational app on measurement techniques
® Dinner in Maastricht

® Guided tour of Gouvernement Gouvernement, Het Pesthuysp, City
(® Lectures on diversity anc the societal role of research Park

® Workshops on overcoming student barriers

(® Guided tour of Maastricht

® Lectures on multimessenger astronomy ETEC, Maastricht
® Workshops on sharing bast practices and curricula

® Workshop on Local Learring Communities

@® Farewell dinner

® Conclusion of the MaGIC week program




Last ET meeting, preparations being done

Programme written with didactical experts
Collaboration between UM, LIGO, Perimeter, UCLL.
Programme, speakers, and registration information

on our website:
www.maastrichtuniversity.nl/events/maastricht-gravitational-inspiration-
curriculum-magic

Communications have been distributed

Created by the graphical professionals, distributed
widely (e.g. by the Netherlands embassy’s). MaGIC
is Ministry of Education endorsed

Registrations are now open
Taking in first registrations; about 90% of the spots
are now filled.

Opening by deputy governor Stephan Satijn and GK,
at Chateau Neercanne at the Belgian border.

MAASTRICHT GRAVITATIONAL INSPIRATION CURRICULUM

17 « 23 AUGUST 2025 | MAASTRICHT, THENETHERLANDS

An all-in summer course for teachers, on the physics ¢f the Einstein Telescope and
how to effectively teach this in upper high school physics classes,

Since the first dincovery of gravitationsl wawe s in 2015, grawtationalwave detecion aroend the workd
have openad » Dreasere biove of the Universe] The Eimbein Telesoope the neat generation detecto s
200w 10 De by dt and wil maiie Europe the heart of sOent ¢ Gaopwr s

1o ofen ot Spportumities for ITCher, 43 UNE JUENCE ANd WCITTRY OF Draenationsl maves have
3 SURIH Ny SUAOAR (oMM TION WITH L 0dary savedd corioua of Py Enites Teleioope e ~
yulled %o show studerty that they can undentand the newet dncoveres, peactos the phrynics of thew
hgh whool curriculls In an exciting setting, and £ play an active rok in &

The NaGC sammer cou e prowides teachens with a solid theoretics bachgrownd and edacat onal
Ot 80 being Eravitational waves to the daswoom|

The topics tovered in the MaGKK Summer school
Irchude:

¢ Inatrumestabion wience: Laser technology
Waves ang vibnatom, Newnonan damging,
QI3 INNs LT s, M el of Lonres

*  Modermn physics: theoey of relativity black
hales, pravitations| waves and ther 1ousce
aticphynka ceamology

«  DMdactkal techrguns of physics, blt on the
hgh swchool oarcudum of physics




MaGIC summer school: physics
teachers dive deep into gravitational
waves

25 August 2025

MO NN R S

AP 7.~ b.

Pl take place in Maastricht The event Erought together

n more about gravitational waves and the Einstein

re the imagiation, precisely 2ecause they are sunounded by s> many mysteries, Yet the physics behnd them is
I the most exciting rysteries of the universe, W must shaee that with everyone, even In the classroom!”™ says Dr
osely involved in the Cinstein Telescope. The te escope provdes teachers with an ideal hook ta introduce their pup

ics teachers came 1o Maastricht last week for the first MaGIC Summer 5chool for secondary school teachers IMaa
itatonal waves, the methods used 1o measuse tham, and how 10 pass 0n this knowledge te their pupils at an ac

g h

Triangular measurements were done:

* Pre- and post misconceptions
* Understanding and willingness/
applicability
* Panel discussion afterwards.

BARRIERS REMOVED




The future Of MaGIC e MaGIC has funding for two years (2025, 2026),

but is intended to obtain structural funding.

« | expect this to happen when the location for
Einstein Telescope has been decided and

construction begins.
e L
« This gives two years to show a successful proof
of principle. Measurements of efficacy will be

performed.

« Discussion currently with Perimeter institute, to
share best practices with their E+ programme, to
make intercontinental connections.

January ‘25 Summer 25 Fall ‘25 Spring ‘26 Summer ‘26 Fall ‘26

Implement tweaks,

Pilot; Measuring efficacy; ) Welcome second group
Welcome first group  report in peer reviewed ~ 'eguést additional Struc_turgl
journals funding for online funding”

platform
% Maastricht University dr. Gideon Koekoek: gideon.koekoek@maastrichtuniversity.nl
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Winter MaGICs

e Local MaGIC initiatives in ET countries, 3 days each. Winter-MaGICs in Flanders
)

Netherlands have been funded:;
the Winter-MaGICs in Germany
« Off-season: take place in Jan, Feb 2026. and Wallonia are bing discussed
as we speak.

« Removing language barriers and allowing tweaking to local communities

» Local organisers get to become MaGIC Ambassadors (MaGlCians), and return
to the Summer editions in Maastricht to help train next cohort

Update next ET Consortium

« Overarching goal: create European network of trainers, with online shared Meeting.
resources. Proposal for funding for MaGIC network is pending.

January ‘25 Summer 25 Fall ‘25 Spring ‘26 Summer ‘26 Fall ‘26

Pilot; Measuring efficacy; Implement tweaks, - \yg|come second group
Welcome first group  report in peer reviewed ~ 'eguést additional Struc_turgl
journals funding for online funding”

platform
E’a Maastricht University dr. Gideon Koekoek: gideon.koekoek@maastrichtuniversity.nl
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DA workshop: Home/classroom version

 More waveforms, more signals, false positives,

additional physical parameters 1 Detector : Wereldkaart met detectoren s Verzamelde
selectie ‘ T dato

Voigende ab il Kaar 24 om o tegrman

Op 3¢ wereldhant Zen julle e
de dre
Teaarterachtsgoicivioc iorar

 Additional practice exercises e ——

vorsgErosd I pn ovcr do worelks

Inder groegie hee® eon detecicor

and built-in explanations

SURRCISr D4 b recits 4
VrrAmadan ama i 1s B
WALS 00N QMYEN SCraR
vON32AN RO € F OO0 NJuwe

LAY SNWO g Ldsen dezd

 Translations into German, e SO

WOr<en S ah oMt Van wee

English, French, Italian, Polish , .. I T S

oltaar gobotst 3. Mty « 3¢

 Measuring of retention and go-backs

Universiteitsfonds Limburg

research on efficacy, longitudinal retention, and swol

« Data collected by ETEC; provide input for F
unded!

improvement of workshop

D& Maastricht University dr. Gideon Koekoek: gideon.koekoek@maastrichtuniversity.nl 24
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Conclusions & prospects

to connect stakeholders, attract talent, and to maintain goodwill
from the general public.

Remove the barriers by creating ownership, making them feel like Gravitational wave science and Einstein

explorers and scientists, and actively stimulate curiosity (e.g. by -

using the reconnecting dots methodology) Telescope offer great opportunities for GW
outreach, STEM education and teacher

- Einstein Telescope Education Centre: professionalisation, strengthening our

- Data-analysis workshop across Europe
- International teacher professionalisation MaG/C

- Many more from other ET members goodwill of general public and stakeholders,

position in society, and hugely boosting the

Prospects: - Winter-MaGICs are coming, starting first iteration of to the benefit of all the GW community.
European network, with funding pending. | invite other parties to
join.

ETEC @ Home, international online platform for GW education

D;a Maastricht University dr. Gideon Koekoek: gideon.koekoek@maastrichtuniversity.nl 25
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Thank you!

Einstein Telescope Education Centre:

www.discoverymuseum.nl/activiteiten/etec/

MaGIC durriculum:

www.maastrichtuniversity.nl/events/maastricht-

gravitational-inspiration-curriculum-magic

gideon.koekoek@maastrichtuniversity.nl

www.maastrichtuniversity.nl/gideon.koekoek
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