ENGAGING THE
CLASSROOM

ATLAS VISITS, VIRTUAL VISITS, MASTERCLASSES, CHEAT
SHEETS AND MORE Ll
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MOTIVATION

ATLAS Visits, Virtual Visits, Masterclasses, Cheat Sheets and More

EXPERIMENT

PATLAS

Students of all ages and levels can benefi

from visual resources for learn

physics.

ing particle

ing the excitement of scientific
exploration and discovery into classrooms.
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icle physicists

and students are extremely beneficial on

both ends.

)

University of Bologna students visiting the

ATLAS Underground Cavern, Jan 2023

Interactions between part




EXPERIMENT ATLAS VISITOR CENTRE
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One of CERN’s official visit sites

e Adjacent to ATLAS Control Room (P1,
Meyrin), with windows that can be
AP made transparent or opaque.




EIX\JE' !T ’\ﬁ NST ATLAS Visits, Virtual Visits, Masterclasses, Cheat Sheets and More
ATLAS VISITOR CENTRE

* Many interactive screens and exhibitions

7> Inner Detector: pj
(2) + Pixel Detect

s

(3) Inner Detector: Pixel Detector planar module
(&) Inner Detector: Pixel Detector silicon wafer
(8) Calorimeters: Liquid-Argon Calorimeter

(&) Calorimeter: Tile Hadronic Calorimeter
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AT L A S ATLAS Visits, Virtual Visits, Masterclasses, Cheat Sheets and More
BE o e VIRTUAL VISITS

* Virtual Visits designed to give participants an experience without coming to CERN.

e Remote connection (Zoom) from ATLAS Cavern or Visitor Centre.
 Average of ~120 visits per year.

e Visitors from all over the world.

)
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Dnal Y.o,uthf§'i:'i'ence Forum Ic;yDr Goldfarb ahd Dr Aihroob ,Jan 2023, Australia

e
ATLAS VV for Nat



https://atlas.cern/Discover/Visit/Virtual-Visit
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VIRTUAL VISITS

* 2023: 50+ visits from 24 countries in the first 6 months. O UK ® Bzl ® Sweden @ hda @ Ausila ® Swizerane

Germany Slovak Morocco _olombia Norway Ukraine

'\,‘”\LJ., Others (11 countnes)

e 2022:121 visits from 36 countries, 8 languages.
* Between 10-600 participants per visit.

* QOpen visits for individuals on a regular basis.

Languages of Virtual Visits in 2023

Italian @ Sloval B Swedsh

* Cavern visit streamed when possible. '

CE/RW
\




ATLAS Visits, Virtual Visits, Masterclasses, Cheat Sheets and More

~ VIRTUAL VISITS

e Some visits livestreamed to YouTube,
TikTok, or other platforms.
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AT I A S ATLAS Visits, Virtual Visits, Masterclasses, Cheat Sheets and More

EXPERIMENT

INTERNATIONAL MASTERCLASSES

Annual program in collaboration with IPPOG.

13,000 high school students, 200+ places,
55 countries (2023):

e Getinsight into topics and methods of
basic research at the fundamentals of
matter & forces.

e Perform measurements on real CERN
experiments’ data

* Participate in an international video
conference for discussion of results.

Dr G_oldfarb and Ukrainian students Tiulchenko & Boreiko hosted ATLAS VV for IMC,
Kharkiv, Apr 2023.
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FACT SHEETS

 (Collect facts about ATLAS detector,
collaboration, and physics programme all in
one place.

* (lear, concise and visually appealing.

10 sheets currently available.

CERN

CALORIMETERS

Calorimeters measure the energy of particles
created in high-energy LHC collisions. They are
designed to absorb most of the particles coming
from a collision, forcing them to deposit all of
their energy and stop within the detector.
ATLAS calorimeters consist of layers of an
“absorbing” high-density material that stops
incoming particles, interleaved with layers of an
“active” medium that measures their energy.

TRIGGER &
DATA

ACQUISITION

ATLAS sees

1.7 billion

collisions every second - but not all
of these events are worth stu
The Trigger and Data Acqul

system ensures

optimal DETECTOR OVERVIEW

taking conditions and selec

most interesting

ctrons and photons.
accordion structure, with a hc

that no particle escapes unchalle

for study.

To keep the ar;

iC particles, v

LAr Calorimeter., It

The Tile Calorimeter is made 1
scintillator tiles working in sy
the ATLAS experiment, weighing

https://atlas.cern

https://atlas.cern

collision ¢

: Tile LAr Hadronic
Muon Toroid Calorimeter End-cap and Forward

Spectrometer niagnets Calorimeters
B 0\

Detector

Electromagnetic §

Calorimeter AT A
Solenoid Semiconductor Transition

Magnet Tracker Radiation
Tracker

detector ever constructed

ecord the billions of

partic

atlas.cern/Resources/Fact-sheet

https:


https://atlas.cern/Resources/Fact-sheets
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CHEAT SHEETS

Designed to make ATLAS’ online
scientific material more accessible
to a wider audience.

One concept covered per sheet.
5 sheets currently available.

Coming soon: Statistical
Significance Cheat Sheet.

atlas.cern/Resources

CONSERVATION LAWS

Consanarion Bws SOvern the reactions we absanve in partie plysics The deap resationship between Runde-
mental syrmmetries of nature snd conservation ws has been 3 guidtng principie in the development of the
Standard Model. Particle physicises study these ws with Ngh precision, 23 thedr violooion would be 2 sign of
new physics

WHY WE NEED THEM

The Standard Model describes all fundamental particles and thelr interactions. & has been tested with extreme
precision and found to describe nature very well, & relles on certain consenvagion laws, which allow some pro-
cesses to ocowr, whille forbidding others.

ENERGY AND MOMENTUM

One of the mast impartant conservation laws s the conservation of energy. This means that energy can be
neithar created nor destroyed. Since enargy and mass can be exchanged, one result of
is that a particle cannat decay into particles whose summed masses are greater than

: 2 < X

Mass 91 GeV 2x 418 GeV 91 GeY < 2x173GeV

Momentum b5 ancther Important quancity which mmst always be conserved. Thes Is usefud ¢ he
“missing transverse momentum” in a protan-proton colision event. Since the incoming protons have no mo
mantum in the drection perpendicutar to the beam (transverse direction), the transverse momanta of all par
ticles resulting froen the collision must sum to zero. If they do not, this missing ransverse momentum can be
assocated with undetected particles such as neutrinas or, possibly, dark matter.

ELECTRIC CHARGE, LEPTON NUMBER, BARYON NUMBER

These properties are expected © be conserved in all processes. The lepton number I defined to be 1 §
leptons, -1 for antidoptons and O for all other partides. Simitarly, baryon number &5 ¥ for each quark, -% &
anth-quarks and O for other particles. Below are some examples of these cansenvation rnules

ve

Charge
Lapton number @

Baryon number

BREAKING CONSERVATION LAWS

ATLAS phvysicists are searching for evidence of processes bres
pothesise the extstence of heavy rght-handed neutrinos, why
violation of lepton nusmber consenvation

CROSS SECTION AND LUMINOSITY

'S proton
ater bkelihood pa

number

EXAMPLE: HIGGS BOSON PRODUCTION AT THE LHC

ng i J he L st IMiNnosity 0

SIGNAL AND BACKGROUND

https//atias cern

T IS SIGNAL?

the signal
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J the signal
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EVENT SELECTION

WHAT IS BACKGROUND?

he word 1 1O describe any

hat wt
s could be
background for a

N5 @ background
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s & background

Measurement of

DISCRIMINATING VARIABLES

Iy salection  ¢ri physicists

LEARNING TECHNIQUES

gque
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Wy after theoresical physiclst
¥ 2 powe
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THE BUILDING BLOCKS

Unes: Each ine reprasonts a particie
* astraight Bne Is for 2 fermicn
{electron, muon, neutrino, quark, ..J)
awavyline s foraphotonora W
or Z bason
a curly Nne ks for a guon
a dashed line & for a Higgs basen

Directionadity: n menan diagram, the horizontal
direction represents time, from left right, and the
vertical direction space (roughly speaking). This means
that Incoming particies are on the left and ougoing
partides on the right. Fermion lines are usually drawn
with arrows, where particie ines are pointing away from
the vertex and antiparticie lines towards the vertex, A
though this might seem to imply that antiparticies are
maving backwards In thme, we prefer to think of the &
rection of the arrows as the flow of jelectric) charge

FEYNMAN DIAGRAMS

Yeortices: Thesa represent an Imteraction. Certain
rules must be abeyed when connecting lines into a
vertox. Some of these rules are general - o
servation of electric

and mamenturm - while others

theory. This example shows a
W boson decaying o a quark
and an arsiquark.

Real versus vircual particles: in the theo

entiate betwoen “real” and “Wrtual® particles. Real
particies cbey Einsteln’s well known energy- momaen
tum-mass relasion, For virtual particles however, this
mathematical relationship & broken. As a ©
quence, virtual pasticies can only appear as intermal
lines in a dagram, conmecting real particles, and can
never be cbsarved experimentally. They are mainly
used a calculational tooks.

AN EXAMPLE: THE HIGGS BOSON

Higgs production:
The left side of this Feynman diagram rapresents the
nuch smaller main production of the Higgs boson at the LHC.

). The unies 1 The Incoming particies are two gluons, cne sach

colliding proton. The gluons then exchange a virual tap

quark, which produces a virtual top-antitop pawr. This

pair then anndhslates to procuce a real Miggs bason

Higgs decay:

The Higgs boson ondy lives for about 10% saconds, 50

it cannot be detected directly. It can decay to different

types of particles (depending on which vertices are al

lowed by theary). Here we show k3 decay to two 2

bosons, f which Is virsual (%)

1 boson decays:

The final step is the decay of the Z basons into an alec

tonpostiron and muon-antimueon pak, These can

be detected by ATLAS and allow us to reconstruct the

THE STANDARD MODEL

The Standard Mook (SM) 15 2 theory wh

ssifes o fundamental particies based on thewr properties

|
Miggs production Miges decay 7 decays

oibe a given process, al of
1, they do not all comtribute
o reach a targeted precision,
Wl leading or next-to-deading

AXPERINENY

and introduces rndes Kt Seterrmine Wi inberactions Setween therm can ocowr and ax wiae rate. The SM
has been verifed experimencally with hgh preciion Dy pavticle-piysks expenimens, but physiclses sre sollf
looking for measurements that cowl! show devaoians from SM predictions, and poine the nay 1o new physics.

BOSONS AND FERMIONS

There are two main groups of particles In the Standard Modet bosons and fermions. This dassfication & based
an an intrinsic property cafled spin, which, for slementary particies, can take the value 0, % or 1. Particles with
Intager spin (0, 1) are bosoms, whille those with hatfinteger spin (M) are fermiims. Fermions and basons act

differently In interactions.

FORCE MEDIATORS

An interaction between particles can be viewed as the exchange of a boson. Therefare, the spin. !

bosons

in the SM are called Yorce mediators”. Each boson s respansible for mediating a specific force: the photon
carries the clectromagnetic force, the ghuans the strong nudear force, and the W and 2 bosons the weak
nuciear forca, Each force has an assodated charge which particles must have in order to participate in that
mteracsion: electric charge for the electromagnetic force, colour charge for the strong force, and weak
charge for the weak force. If a boson carries the charge corvespanding to the force it madiates (which s

the case for the ghuons as wall as the W and 7 bosons), then It can interact with itself

MATTER PARTICLES

The fermions are the particles that make
up matter and are separated o two cat
egones quarks and leptons, The main &¢
ference is that quarks have colowr charge,
whareas leptons do not. This means that
quarks can interact with gluons through
the strong force. Both quarks and charged
leptons can interact via the electromag-
netic and weak forces. Thare are three
penerasions of quarks and leptons, where
particies In diferent gencrations hawve
similar properties but differ In mass. For
oampie, the top quark (third generation)
& about 80,000 times more massive than
the wp quark (frst generation). For each
of these partides, there exists 3 matching
antparticde with oppasite charges.

THE HIGGS BOSON

The Higgs bosan i unique because It & the only known elementary spin-0 particle. The fleld associated
with the Higgs boson Is responsible for the masses of other fundamental particies. All particles which in
toract with this field have mass, with more massive particles interacting more strongly. The discovery of
the Higgs boson in 2012 by the ATLAS and OMS Collsborations was the last plece of evidence nesded to

confirm the SM,

BEYOND THE STANDARD MODEL

£ven though no deviation fram the SM has been cbsarved so far, we know that it Is incompilets, with gravity and
dark matiar being the main missing pleces. Thare are also marry ather questions that cannot be answered with
the current SM, such as why there is more matter than antimaster In the Universe. For these reasons, many
thacries Beyond the Standard Moded are currently being investigated by physicists in an attempt to modify ar

ATLAS

L
https://atlas cern )’uuu MENT

extend our picture of the SM,



https://atlas.cern/Resources/Cheat-sheets

ATLAS

EXPERIMENT

11

ACTIVITY BOOKS

* Wide range of educational materials for all ages & levels of expertise.

 Colouring Books (2), Teachers Guide (1) & Activity Sheets (5)

* Printed & Distributed by CERN Education Team & others for events & schools
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Particles vs. Antiparticles Follow particle decays through a maze Label the Detector

Download in English, French, Spanish, German, Download in English, French, Spanish, German,
Italian, Portuguese, Chinese Italian, Portuguese, Chinese
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Download in English, French, Spanish, German,
Italian, Portuguese, Chinese

»

THE ATLAS EXPERIMENT
Ciﬁw COLOURING BOOK

ATLAS Experiment Particles of the Universe
Colouring Book Colouring Book

: ANATLAS EXPERIMENT |
COLOURING BOOK

Make your own Standard Model Spot the Differences


https://atlas.cern/Resources/Colouring-Books
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A I LA S World maps of downloads of ATLAS printables

EXPERIMENT

El'lgl ish |r.'l|"lg'l.l-|':|:gt Other lﬂng_lng.g-_s

_____

MULTILINGUALISM [
%

»  CERN & ATLAS guided tours offered in ~30 s ey shers '

languages. o~ ia
gudg W %

e ATLAS International MasterClasses offered in 13 ’

Ianguages: English, French, German, Italian, Spanish, Portuguese,
Greek, Norwegian, Polish, Slovak, Czech, Danish, Turkish.

* Qutreach events organized in different languages
by regional research groups & individual ATLAS
members from/in different countries.

CE/RW
\

Lo

http://cds.cern.ch/record/2841328/files/ATL-OREACH-PROC-2022-004.pdf


http://cds.cern.ch/record/2841328/files/ATL-OREACH-PROC-2022-004.pdf
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MULTILINGUALISM

e ATLAS educational material (written and oral) is provided in many different languages.

Translations of educational materials \onThly data on Transiarted # Ao Mmarveriais

Original texts created Translated into many Reviewed by ATLA.E.-"
by ATLAS Qutreach . languages by ATLAS —p=| members, fluentin
team in English meémbers ~ that language |

'ATLAS outreach team)
reformat texts, Downloads of the ATLAS printable in different languages as a function of time :

layouts for new ‘
‘language and publish. , — ——
[Open to anyone/public] " I\

L]
{ > W ey O
4 ¥

> BV

s ime |
materials time langueages : V .,
ATLAS Colouring November| 21 English, French, German, Spanish, Italian, o o] f
book 2016 Portuguese, Welsh, Romanian, Slovak, ' |

Ukrainian, Greek, Bulgarian, Russian,

Hebrew, Polish, Swedish, Turkish, Urdu,

Arabic, Bengali, Chinese

ATLAS Particles January English, French, German, Spanish, Italian,
of the Universe 2020 Greek, Chinese, Polish, Portuguese,
Finnish, Urdu
ATLAS Activity |April 2021 English, Spanish, French, I'talian, German,
Sheets (&) Portuguese, Chinese
ATLAS Fact March English, Spanish, French, Italian
Sheets (10) 2021
L ATLAS Cheat March English, Spanish, French
CERN - Sheets (3) 2021 ?

Examplesof  |CUIde for February | | English, Portuguese
ATLAS printable  |Parents and 2022
maatErualg TE-G-I:'I"IE-F"E



http://cds.cern.ch/record/2841328/files/ATL-OREACH-PROC-2022-004.pdf
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Conclusion

The ATLAS Outreach has been putting a lot of effort in engaging the classroom through:

o ATLAS On_site V|S|tS Get in touch with Outreach Coordinators Darren+Dilia:

o atlas-outreach-coordination@cern.ch

WE ARE ALSO INTERESTED IN HEARING ABOUT

e ATLAS Virtual Visits YOUR IDEAS/PROJECTS!

* |nternational MasterClasses

* Printables (Cheat sheets, Fact sheets & Activity books)

* Multilingualism (activities & printables offered in many languages and in/to many countries)
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