Beamline for Schools

A physics competition for high-school students
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What Is BL4S?

Perform your own experiment at a
real particle accelerator!

Nou cav be a scientist

Teams of high school students from all
around the world can propose an
experiment that they want to perform at
a particle accelerator.
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Milestones

Foundation
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Milestones

Continuous and successful collaboration with DESY
= continuation during LS2
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Milestones

COVID: establishing a continuous and successful online component
= Increased number of submitted proposals
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Milestones

Continuous and successful collaboration with DESY
= Increased number of winning teams per year
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Milestones

Continuous and successful collaboration with “Stars shine for
everyone” (SSVI)! = increased number of special prizes per year
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https://www.ssvi.be/

Milestones

The 2024 edition marks the 10t anniversary of the competition!
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Countries part|C|pat|ng In BL4S since 2014

Winning teams

America:

Canada, Mexico, USA (x3)
Africa:

Egypt, South Africa

Asia:

India, Japan, Pakistan, Philippines
Europe:

Estonia, France, Germany, Great
Brittain, Greece, Italy (x3),
Netherlands (x3), Poland, Spain,
Switzerland

Number of teams
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Special support

Beamline for Sc|

The Script (2016)

will.i.am (2014) \ ’ * - Bastille (2016)

THE SCRIPT
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Testimonies

CERN®.
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Mainproject challe

Experiments: beam time (e.g. LS2),

detectors (e.g. Delay Wire Chambers in bad

condition)

Students: cultural differences among the

winning teams (e.g. punctuality)

= Challenges result in authentic
experience for the students
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Project future

BL4S 2024: Happy 10th anniversary!
participation certificates, 62 special prizes,
3 winning teams

Long-term: Increased engagement

% more online events v (ongoing)

“* Improve learning material

“* more teams to receive additional prizes
“* more advertisement

C\ER/W Beamline for Schools ”



Winning teams 2024

< “Mavericks" from Estonia (CERN)
calibrate their hnomemade muon detector for
high-altitude ballooning applications

 “Sakura Particles” from Japan (CERN)
optimise their homemade two-dimensional
muon detector for muon tomography
applications

 “SPEEDers" from the USA (DESY)
research Smith Purcell radiation as a tool

Winners of the 2024 CERN Beamline for Schools competition: Sakura Particles” from Japan (left),

for beam d I a_g nOStI CS “Mavericks” from Estonia (top right) and “SPEEDers” from the USA (bottom right) “(Images:

Sakura Particles, Mavericks, SPEEDers)
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Some highlights
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Some highlights
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Some highlights
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Some highlights..

Introduction
altitude balloon f

Atmospheric pressure, radiation etc. ca
a high-altitude balloon flight

Our flights

= 2021

= 2022: radiation (and muons)

= 2024: muons

A decade of beams, teams,
dreams and teens

Beamline for Schools | Celebration of the 10th anniversary
16.9.2024, Christoph Rembser @
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Some highlights

—gre; W Tiave the winners of the 2024 edibon
The team from Estonia, and the one from Japan!
It will be a challenge for me 1o give their names.
For Estonia, we have

Gl les laurd
L'équipe d'Estonie et du Japon !
Ce sera un défi pour moi de donner leurs noms

Pour I'Estonie, nous avons

Beamline for Schools
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Some highlights
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i . ” different momenta
& 2 I E® (~1, 2, 4.5, 7 GeV)
w ' w
1) 1)
< >
Minimal Overlap o
Use XCETO and XCET1 to Fingerscintillators SAKURA PARTICLES #2
"bracket" the momentum range +to define narrow (OPTION 2, vertically
of the incoming particles => peamspot for XSCA TABLE 0 XSCA TABLE 1 displaced in case
Important for MAVERICKS calibration of SAKURA (On 20 cm high (On 20 cm high rate limitation turns On approx 1.35 m
experiment. PARTICLES Detector concreate block) concreate block) out to be an issue) high concrete block

Csl scintillator \
10mm*10mm* 10mm .

\ bottom case

upper lid

window for SiPM sensor
»
MAVERICKS detectors #1 and #2: Scintillator blocks + SiPM, with attached Original version of the SAKURA PARTICLES detector, also based
frontend electronics board based upon the CosmicWatch Design v1.x. on CosmicWatch vl.x design (most recent iteration uses custom
Measures in mm Data Acquistion based upon RedPitaya SO0C)
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Visit of the experimental ares

SAFETY REQUIREMENTS: closed, flat
shoes; above 16 years old; not pregnant; no
Active Implantable Medical Devices (AIMD)

We will provide you with safety helmets to
be worn during the visit.

@) Presenter | Presentation Title 24.09.2024 2



Thank you so much for your support!
Questions?
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Who can participate
In BL4S?

* Teams: min. 5, max. 9 people

*» Enrolled in high-school or gap
between school and university

* Each team has to be led by an
adult “team coach” (max. 2 per
team)

(C\ER/WB Beamline for Schools 28



Beames 2018 Beamline Proposal
Interzatioeal School Mmla

Determining the relationship between the caergy of

and seact with a casbon-based. non-biologcal matd
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Intreduction
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. Bave now come vp with 2 " Y Emissions on Surfaces Experiment
s Inelastic Scattering Through its Decay-Products
[ companson een o Silas Ruhr s o artner, Philipp Loewe, Lukas Hildebrandt,
skin tisme wing graphite Interntional School of Geneva, Nations" Flying Foxes Thamas Lebeac, e, Bruid i Matsulevits, Jobann Tahl
x Vo Sy

ks Kook, Ssesh Stafs, Mikdmil Shponaky, Per Stresli, Zih i Berlin
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E

Cherenkov Diffraction Radiation - Characteristic Energy

therapy bas on busman tss Johin Dessts, Yeeion

March 31, 202

Overview and Backgrous]

u
Negove pions are] ~ Introduction
propertes sl to heari
. G Just as scatteriag visible light off of a cel using a microscope allows us to examine a cell a collsion betwoen
Jowever, pions being ligh resting protoas and o electren beam produced by a particle accelerator could allow us 10 “see” subsomic
i particles aud its miscellancous interactions otherwise wnobservable. Such  collision coukd result in interesting
Cocer Sammen Vanonat|  Scatering effects. creation of elusive particles whose decsy products can be detected snd analyzed 10 race back
“Types of Cnces Trewment the even, which potentially enables us to further identify properties of the particles

? “Optin D: Medicinal Chem
Press. 214 p 766 : :

A histogram depicting the collision of a 4.9GeV electron beam with a static source of protons can be seen on
Fig 1. The x-axis represents the energy/momeatum of the scaniered electrons, while the y-axis indicates the
tumber of times an interaction of a specific energy/momentum occurred. The approximate peaks in the band of
3.5-4.2 GeV electrons suggest an inelastic scattering, which we are interested in o investigate.

Elastic scattering
(proton remains intact)

Inelastic scattering
excited states of proton,
. A+ 1232, produced)

Doop inelastic scattering
(proton breaks up resulting

You are not alone!
Get in touch with your national B ———

contacts or directly with us (see
website)

SIGNAL TRANSFER

Hey, whatlisiupiguys; limithelelectronialliright

)
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Beames 2018 Beamline Proposal
Interzatioeal School Mmla

Determining the relationship between the caergy of

and seact with a casbon-based. non-biologcal matd
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properties smlar to heavil
Just as scattering visible light off of a cell using a microscope allows us to examine a cell, a collision between

resting protons and an electron beam produced by 4 particle sccelerator could allow us 1o “see” substomic
particles and its miscellaneous interactions otheswise unobservable. Such a collision could result in interesting

.
‘ P ——— scatering effects. creation of elusive particles whose decay products cun be detected sud analyzed to trace back
—~ *“Types of Cancer Treameet. the event, which potentially enables us to further identify properties of the particles.
3-Opten D: Mecsna Chsas
Pres 9i4p.7
e A histogram depicting the collision of a 49GeV’ electron beam with a static source of protons can be seen on

Fig 1. The x-axis represents the energy/momeatum of the scaniered electrons, while the y-axis indicates the
tumber of times an interaction of a specific energy/momentum occurred. The approximate peaks in the band of

However. pions being ligh|

4

®

L)

3.5-4.2 GeV’ electrons suggest an inelastic scattering, which we are interested in 1o investigate

* What you hope to take away from e

-l " A Inelastic scattering
" MJ‘\,'I '.’ y (excited states of proton,
[ A W 0.9. &+ 1232, produced)

4

L)

*

b/ GeV

this experience (~100 words) s e

WEBER

ERKHOUT, W. SCHMIDT V. WALTHER 1

Fig 1) Thcmsen, Mixk Paricie Pyvcs Mt & Do et Seasmeing The Univrsy of Cambesdge, Deparsaeet of Physcs Cavvadis
[N — i i Bidug 8 011

Video proposal SIGNAL TRANSFER
(~1 min, optional)

Hey, whatlisiupiguys; limithelelectronialliright

"o e maQ
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Beames 2018 Beamline Proposal
Interzatioeal School Mmla

Determining the relationship between the caergy of

and seact with a casbon-based. non-biologcal matd

Experiment proposal

Introduction

Fding cffective safe cancer therapy bas
commumnty. Two out of five mdivaduals get disgnosed]
The most common weatment optioas available today
thenagy These methods of weawneat come with
extremely painful and known o cause fatigoe and of
problemms. ieversible hair loss. and steihny’. Surger
thus does ot necessarily e all n

Las yeu. our scho] ChDR-CHEESE

cancer therapy — %~ mesc

Cherenkov Diffraction Radiation - Characteristic Energy

L]
s acope 30 develop it Detecting the Elusive A* Baryon in an Electron-Proton B ¥
bave now come up with 2 i i missions on Surfaces Experiment
) Inelastic Scattering Through its Decay-Products
comparisons benveen g Silas Rubrberg F ez, Tobkas Baumgartner, Philipp Loewe, Lukas Hildebrandt,

skan issue using graphite| Baildur Nickel

Insernational School of Geneva, Nations" Flying Foxes Thamas Lebeach s Matsulevits, Johann Bahl

therapy bas on busman tss Johin Dssts, Yeenion Kamn, Horeks Kozwka. Saes Stafig, Mskdsl Sheporskey, Petr S, Zibong X Wer

a committee of scientists.

Homevec, pios Wiy gk Just as scattering visible light off of a cell using a microscope allows us to examine a cell, a collision between

icine i Berlin

March 31, 202

resting protons and au electron beam produced by  particke accelerator could allow us to “see” substomic

particles and its miscellaneous interactions otheswise unobservable. Such a collision could result in interesting
Cances Stusetics Nationa] scaering effects. creation of elusive particles whose decay products can be detected and analyzed to trace back

*“Types of Cancet Trestmeat the event, which potentially enables us to further identify properties of the particles

-Opton D Medscinal Chems:

Prew 914, 766
X A histogram depicting the collision of a 4.9Ge\ electron beam with a static source of protons can be seen on

Fig 1. The x-axis represents the energy/momeatum of the scaniered electrons, while the y-axis indicates the
tumber of times an interaction of a specific energy/momentum occurred. The approximate peaks in the band of

3.5-4.2 GeV electrons suggest an inelastic scattering, which we are interested in to investigate. e v

Evaluation Criteria: W=

b/ GeV

/T/('xcllnd states of proton,
0.9. A+ 1232, produced)
Deep inelastic scattering

(proton breaks up resulting
“* in many-particie final state)

*» Feasibility of the experiment

MEYER-BERKHOUT, W. SCHMIDT, V. WALTHER WEBER

“* Motivation of your experiment idea
and your participation SIGNAL TRANSFER

s Creativity of the experiment
** Following a scientific method

Hey, whatlisiupiguys; limithelelectronialliright
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Proposal extension

Would you like to win an

outreach prize (i.e. atelescope)?

Describe a science education or outreach
activity that the members of your team have
already organised or will organise in their
community (up to 200 words; in addition to the
1000 words limit of your BL4S experiment
proposal).

Target audience: a part of your community
usually less exposed to science

(\@ Beamline for Schools | Introduction 32



Online events

Home » Outreach » Educational Outreach » Student Programmes » Beamline for Schools » Beamline for Schools 2024

Beamline for Schools 2024 Q

March 2024
= 19 Mar Beamline for Schools | Introduction and visit to engineering labs at CERN

= 14 Mar Beamline for Schools | Q&A session

PIA DESY (1964) EDORIS (1974-2013)
28.8 m, 450 GeVR137 m, 7.4 GeV 289 m, 5 GeV
- -‘ - L

February 2024

23Feb Beamline for Schoals | Interactive introduction to DESY

January 2024

SR \ \'\.Zo m, 450 MeV
26 Jan Beamline for Schools | Virtual visit to the ATLAS detector 3 -, \:'&

December 2023

[ 05Dec Introduction to Beamline for Schools (incl. Q&A)

01 Dec Beamline for Schools | Interactive introduction to CERN

D) Beamline for Schools | Introduction 33



Online events

Home » Outreach » Educational Outreach » Student Programmes » Exclusive online talks for ..

Exclusive online talks for Q
participants of CERN's high-
school student programmes

While we are thrilled to receive hundreds of applications for our residential student programmes at CERN, capacity
limitations mean we can only welcome a fraction of all applicants in person. However, we're excited to extend an
exclusive invitation to all our applicants to join a captivating series of online talks (via Zoom). This special series is
designed to feed your passion for learning and give you unique insights into CERN, its latest discoveries, and
technologies.

We will update the list of events below regularly. Stay tuned :)

June 2024

19 Jun Virtual visit of the Antimatter Factory

May 2024

24 May Virtual visit of the Linear Accelerator and Low-Energy lon Ring

April 2024

25 Apr  What is CERN?

D) Beamline for Schools | Introduction
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Preparing your experiment proposal

What is a beam and a beamline?

In particle physics, the term 'beam’ refers to a large number
of particles moving in the same direction. These particles
can be accelerated to high energies.

The term 'beamline' commonly refers to a straight section
of a particle accelerator leading the particles to an
experimental area.

(@ Beamline for Schools | Introduction
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A beamline

... Is a straight section
of a particle accelerator
leading the particles to
an experimental area.

This experimental
area might look empty
= You can fill it with
your experiments! :)

Beamline for Schools | Introduction



Experiment requirements €ee heam

€e
The proposed experiment must be designed in a
fixed target configuration.
*» Fixed target configuration: beam crossing or v

passing close to a target (solid, liquid, gas)

“ Experiment design: beam, target, detectors, target

and trigger/readout

(new) particles moving Iin /e 1p \\
many different directions P € K

Note that we cannot
perform collider-type
experiments in BL4S

detector

(@ Beamline for Schools | Introduction 37



An experimental setup

4. trackers rmmaese = .

5. scintillator + CEZYW - C DO =
photomultiplier b TR / 1. scintillator +

photomultiplier
\:“\ . 3 - By ' | ‘A oo N | “y.-’, :
= : 3. detector to @

o

particle beam
'~. N -

~—
~1m

Pl K-

D) Beamline for Schools | Introduction
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Winning teams

Number of 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 TOTAL

Students 3024 1126 1261 1481 1535 1310 1419 2044 2123 2536 17,709
Countries 50 28 37 43 42 49 47 57 71 68
Female 519 429 537 781 862 706
Male 1016 881 879 1263 1261 1136
Other 694
Proposals | 292 119 151 180 195 178 198 289 304 379 2293
Winning
teams 2 2 2 2 2 2 2 2 3 3 22
German& Pakistan
Countries of Greece& Italy& NetherlanSwitzerla Italy&  Spain& &
. NetherlanSouth Poland& |Italy& Philipinneds&USA nd Mexico Egyp&Fr USA&Net
winners ds Africa UK Canada s&India (DESY) (DESY) (DESY) ance  |herlands

C\E/RW Beamline for Schools
N/
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