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Tellchendetektoren — hands-on

Julia Woithe | DeTP | 15 Oct 2024
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Welche Teilchen pARTICLE

lassen sich detektieren? .

https://pda.lbl.gov


https://pdg.lbl.gov/2022/booklet/2022dev/2022/

Welche Tellchen lassen sich detektieren?

Myon & Anti-Myon Neutrinos & Anti-Neutrinos W & Z Bosonen

Elektron & Positron Dunkle Materie? Tau & Anti-Tau

Photon Higgs

Pion +/- Kaon

Proton & Anti-Proton

Neutron Quarks & Anti-Quarks
Gluon
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Horyn, L. (2022). Searching for Long Lived Particles. In: A Search for Displaced Leptons in the
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Definitionen

ChatGTP 40 28/05/2024

A particle detector is a device used in experimental and applied physics to detect, track, and
measure particles, such as those produced by particle accelerators, radioactive decay, cosmic
radiation, and other sources.

Adapted to 5-year-olds: A particle detector is like a super special camera. But instead of taking
pictures of people or things, it takes pictures of tiny, tiny bits of stuff called particles. These
particles are so small we can't see them with our eyes.

W. Riegler, CERN 2022

A particle detector is a classical device, that is collapsing wave functions of qguantum mechanical
states, which are linear super positions of irreducible representations of the inhomogeneous
Lorentz group (Poincare group).

— Wechselwirkungen zwischen dem Detektormaterial und den zu dektierenden
Teilchen fuhren zu beobachtbaren Signalen







Fundamentale Wechselwirkungen cerachse

(a)
e” v (f
= % e~ e *)_£ e~

>\N\N\P Yoy www<
4 ! ’ ®  Elektromagnetische WW
o ; . ; g Starke WW
Schwache WW
. _
>VMV\ W- W- W/<

(D)

(¢)

=

e

Woithe, J., Wiener, G. J., & Van der Veken, F. F. (2017). Let’'s have a coffee with
the standard model of particle physics!. Physics Education, 52(3), 034001.
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https://iopscience.iop.org/article/10.1088/1361-6552/aa5b25
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Wie detektiert man Neutrinos?
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FASER spectrometer
with 0.55T magnets

M g Veto
/ station

e 1 LT .
| Ve => -é Vy &> _.#< Vy => 4 Emulsion/tungsten detector

700 1.1-mm-thick tungsten plates,
A L3 interleaved with emulsion films

‘ Emulsion film Tungsten plate (1mm thick) * 25x30 cm? 1.1 m long, 1.1 tons
‘ detector (220X,)

https://faser.web.cern.ch/



Welche Komponenten
braucht man fur einen
Vielzweck-Detektor am LHC?




CMS

Muon system
Magnet Return Yoke
Calorimeters

(Electromagnetic
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Time for a quiz! Which detector system is doing what?

Electromagnet >< Control the magnetic field & support the detector

Magnet Return Yoke

Bend the path of electrically charged particles

Inner Tracking System Detect muons

Calorimeters Track the paths of electrically charged particles

Muon system Measure the energy of particles
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ACORDE I ALICE Cosmic Rays Detector
AD | ALICE Diffractive Detector

DCal | Di-jet Calorimeter

EMCal | Electromagnetic Calorimeter

HMPID | High Momentum Particle
Identification Detector

ITS-IB I Inner Tracking System - Inner Barrel
ITS-OB | Inner Tracking System - Outer Barrel

MCH I Muon Tracking Chambers
MFT | Muon Forward Tracker

MID | Muon Identifier

PHOS / CPV | Photon Spectrometer
TOF | Time Of Flight

TO+A | Tzero + A

TO+C | Tzero + C

TPC I Time Projection Chamber

TRD I Transition Radiation Detector
VO+ I Vzero + Detector

ZDC | Zero Degree Calorimeter







LHCb Detector

Cb Weight: 5,600 tonnes EleCtrOmagnetiC
s Calorimeter

Length: 20 m

RICH1

Tracking
Station

RICH2

Muon

Hadronic  Stations

Tracking Calorimeter
Stations

Dipole
Magnet
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Muon System Electromagnet
Calorimeter (Toroid)

(Hadronic)

Inner
Tracking

() ) ~ System
Endcap Muon ol ) ¢ : _, ————————

System l LN\ - - : T prOtOns

protons =

Electromagnet
(Toroid)

Calorimeter
(Electromagnetic)




Q Detector characteristics
Electromagnetic Calorimeters ] Width: 44m

Muon Detectors

= Diameter: 22m
< Weight: 7000t
Solenoid CERN AC - ATLAS V1997

Forward Calorimeters

End Cap Toroid
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Innerer Spurdetektor




Innerer Spurdetektor
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Kalorimeter




Kalorimeter

Tile barrel Tile extended barrel

LAr hadronic
end-cap (HEC)

LAr eleciromagnetic
end-cap (EMECQ)

LAr eleciromagnetic

barrel
LAr forward (FCal)




Magnetsystem




Magnetsystem

Field lines of
the toroidal
magnetic field

Field lines of
the solenoidal
magnetic field




Muon-System




M uon 'SyS t em Thin-gap chambers (T&GC)

- P Cathode strip chambers (CSC)

Resistive-plate
chambers (RPC)

End-cap toroid
Monitored drift tubes (MDT)
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Connect the dots

https://connectdots.web.cern.ch/




Muon Spactremeter

Hadronic Calanmezer [TileCal)
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ATLAS Prabesinary

https://www.youtube.com/playlist?list=PLAk-
9e5KQYEqvdBn_fSMsuVPt-qOBhEEvV



Weltere Resourcen



ATLAS Detektor mit Erklarvideo

K i TEILCHENWELT

https://Iwww.teilchenwelt.de/materialien/begleitmaterial/

Abstand vom Strahrohr
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Innere Elektromagnetisches ~ Hadronisches Myonen-
Spurdetektoren Kalorimeter Kalorimeter kammern
Halbleiter-Detektor,
Ubergangsstrahlungs-Detektor D E R AT L A S a3 D E T E K To R

. EIN TEILCHENDETEKTOR AM CERN
Elektron, Positron

el. geladenes Hadron

ATLAS Ist elner von vier Detektoren am Tellchenbeschleuniger LHC. Mit ihm werden
Tellchen nachgewiesen, die bel der Kollision von Protonen oder Blel-lnen entstehen
Die vorllegenden Matertalien vermitteln die Technik und Funktiorsprinzipien des ATLAS-
Detektors auf anschauliche Weise.

Myon, Anti-Myon

Photon

el. neutrales Hadron
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https://www.teilchenwelt.de/materialien/begleitmaterial/

Blasenkammern

. :
Blasenkammerbilder mit GeoGebra |
| 4 [ Lo
' f\ 3! fF- ! P Mit diesem GeoGebra-Material kann die Auswertung von Blasenkammerbildern auf
W ' /! : | / . grundlegendem Anforderungsniveau erarbeitet werden. Die Arbeitsblatter entstanden

im Rahmen einer Lehramt-Abschlussarbeit.
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https://shenovafashion.com/products/particle-
https://www.teilchenwelt.de/materialien/begleitmaterial/


https://shenovafashion.com/products/particle-physics-dress
https://www.teilchenwelt.de/materialien/begleitmaterial/

Higgs in a Box

Theory-laden

Empirical & inferential

Creative

Tentative
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Social & cultural embeddedness

https://doi.org/10.1142/S2661339522500196

https://www.scienceinschool.org/article/2022/myster

-box-challenge/



https://doi.org/10.1142/S2661339522500196
https://www.scienceinschool.org/article/2022/mystery-box-challenge/
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Vielen Dank fur lhre Aufmerksamkeit!
Let‘s discuss!



