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KAPITEL 1: WIE ALLES BEGANN...

German Teachers Programme

6 Sep 2009, 17:00 — 11 Sep 2009, 12:00 Europe/Zurich
@ 6-2-024 - BE Auditorium Meyrin (CERN)

s Mick Storr (CERN), Sascha Marc Schmeling (CERN)

Description Kontakte:

Sascha Schmeling
Konrad Jende
Rolf Landua

MONDAY, 7 SEPTEMBER

W0 — 10:00 Einfiihrung

09:00 BegriiBung und Einfiihrung in das Programm

Speaker: Dr Sascha Marc Schmeling

BegriiBung durch den Generaldirektor des CERN

Speaker: Rolf Heuer
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|s-Gymnasium e Postfach 19 64 » §2467 Garmisch-Partenkirchen

Uber die Schulleitung

An das Bayerische Staatsministerium

Salvatorstr. 2
80327 Minchen

Garmisch-Partenkirchen, 16.01.17

Sehr geehrte Damen und Herren,

die TU Dresden hat, gemeinsam mit dem CERN in Genf, zum 01.03.2017 eine Stelle flr einen wissenschaftlichen
Mitarbeiter im FSP-Pilotprojekt ,Spitzenforschung, Erkenntnisvermittiung und Nachwuchsgewinnung aus einer
meiner Schulleitung, mich erfolgreich fiir diese Stelle beworben habe, liegt mir nun das Stellenangebot vor.

Gerne wirde ich die Chance, dieses Projekt mitzugestalten aber auch meine eigenen Kompetenzen erweitern zu
kénnen, wahrnehmen. Daher bitte ich darum, mich fir diesen Zeitraum flr diese Stelle abzuordnen oder mich zu
beurlauben.

Vielen Dank im Voraus fur lhre Mihen,

mit freundlichen GriiRen,
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* Teachers Summer School



If you can't explain it simply,
you don't understand it well enc




KAPITEL 4: TEACHER IN RESIDENCE




EXPERIMENTS: HIGH-TECH VS. LOW-COST

In S’Cool LAB: high-tech For the classroom: low-cost
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... and many more to come



PAUL TRAP

What we worked on:
* Refined Trap Design
» Student Worksheets
e Teacher Guidelines and
Solutions
e Construction Manual

* Paper




TRAP DESIGN




STUDENT WORKSHEETS

Experiment 1: Trapping the spores
You will now start trapping and see how the spores behave in the trap.

For the following sxperiment, we'll concentrate on the ares sround the slectrodes. This is why we'll
use a sketch of the slectrodes only, instead of a sketch with the cabling.

Prediction:
Imagine you place some spores in the centre of the ring electrode. How do you expect

them to behave?

Before: = -
\ 4 Think sbout how they will be arranged (shape} and where they will be (positian).
. . . Decide for one of the shapes a, b, ¢, or d (which are shown bigger than In reality below), snd mark

the sxpected position of this shape in the sketch of the cross section ® a ® below

a) b) < d)
All at one point rectangular diamond-shaped  circular configuration
configuration configuration

Draw the electric field lines into the sketches of the electrades of the usual trap and the one you
are going to use. Compare the pictures and conclude on what that means for the construction of
the trap. We are going to use the colours to show the momentary charge of the electrodes.
(Remember, as we use AC voltage the charge will continuously change.)

Trap with upper and lower electrode Trap with lower electrode only
® "0

Student 3 Student 4




TEACHER GUIDELINES
AND SOLUTIONS

S'Cool
LAB

Appendix

llowing experiment concentrate on the area around the electrodes. This is why i 2 ] % .
use a sketch of the electrodes only, Instead of a sketch with the cabling Further information, you might want to discuss with your students, before

performing the workshop

Before: - we W

You are going to be an antimatter researcher today. Your task is to learn how to trap
particles with a quadrupole ion trap.

Your "particles” today will not be elementary particles like electrons, but very big particle
systems, so called lycopodium spores {show container, show picture). Lycopodium spores

look like a fine powder; it consists of very small spores (or seeds). Because of friction, these
spores are electrically charged.

Ask students first what they think.
9 Every particle has a carrespending antiparticle - a very important symmetry in the Standard
Model of particle physics. Most of their properties are identical, for example, they have the
1 same mass. However, thelr electric charge is opposite.

One example is the positron, which Is the antiparticle of the electron. The positron has a
positive electric charge.

If 3 particle meets its antiparticle they annihilate, they are converted, for example, Into two
photons. The process can be reversed: If there is enough energy, a particle-antiparticle pair
can be produced

Question: How would you make an anti-hydrogen atom? (take antipraton, add pasitron)

Draw the electric field lines into the sketches of the electrodes of the usual trap and the one you
are going to use. Compare the pictures and conclude on what that means for the construction of
the trap. We are going to use the colours to show the momentary charge of the electrodes.
(Remember, as we use AC voltage the charge will continuously change.)

Trap with upper and lower electrode Trap with lower electrode only

We know that during the Big Bang equal amounts of matter and antimatter particles have
been produced (charge conservation law). Today, we only see matter around us, the
antimatter has disappeared

We need to study antimatter, to find out If there are maybe small differences between
particle and antiparticles that could explain, why we live in a “matter world”. Or maybe
there is an antimatter world somewhere far away in the universe?

One of the many experiments is called GBAR
1t will try to answer a very simple — but exiting question: Imagine you drop a matter apple on
our matter Earth, Everyone agrees, that it will fall down. Now, Imagine you drop an
antimatter apple on an antimatter Earth. What will happen? Everyone agrees, that the same
physics rules would apply, so the apple would fall down. (In fact, If we had a switch that
could turn all the matter into antimatter, we wouldn't notice any difference).
Now the exiting question: If you drop an antimatter apple on our matter Earth, will it fall UP
or DOWN? Wha thinks it would fall upwards? Who thinks downwards? Who thinks it
wouldn't move at all?
Maost physicist believe, it would fall down, but we have never done this experiment!
Because an antimatter apple s a very complex system, at CERN we use the most simple
particle system: an antihydrogen atom
GBAR will therefore first trap antihydrogen and then do a freefall experiment with it

o Question: Why do you we need to trap the antihydrogen atoms first?




3. Required M
The Table 3.1 below presents all the required materials to build the quadrupole ion trap.
Note that the components highl e ue are sufficient if you do not intent to build th

Price Online Shop | Stock Number |

6€
pleces

25€for 5
pleces

Male to Male Leads (9 S—

required) - bl 791-6463
Male to Female Leads aod 7916454
(6 required) | totel

20 € for 50 RS Components
mi r

18€ *Note any on-off 102-9147
switch will work for the
TEorma | non-strobing ci I
Come in g
packs of 4 however an on-off-on | 374-910
for 2 € (4E) switch is required for | 0571256
flasher circuit, I

Breadboard

Capacitors

Packs of 10
for5€
Packs of 10
for3€
5gsilsfcrs Ceme in

packs of 10

for3 € 70700

1 B2k (total 12 €) 707.8300

1%10

10 kQ Potentiometer —-( 468-8705

2 x NPN Transistor ‘

Table 3.1) List of required materials
Three M2.5x7 (ISO metric screw thread), and three M2.5 Washer are also required.

To build the trap you will also need a paintbrush, scissors, duct tape, screwdrivers and
soldering equipment.

CONSTRUCTION MANUAL

Construct the LED
circuit following the
circuit diagram
and/or breadboard
schematic,

Attach male to
female leads to the
LED's before placing
on the breadboard.

The diagrams were
created using the
Fritzing software.

For help identifying
resistors please see
Section 10: Appendix
A — Resistor Bands.

Place the circuit
inside the base.

To complete the
circuit insert the LED
holder and attach the
LEDs. Seen final
instruction in section
4.2 Strobing Circuit

A good extension of the quadrupole ion trap is to observe the charged particles under a
strobing light. This section contains instructions for building an ‘astable multivibrator', a
circuit that causes an LED fo turn on and off multiple times per second. This astable
multivibrator contains a switch to switch between strobing and continuous LED's and a
potentiometer to change the frequency of strobing. The frequency should range between
30Hz and 70Hz.

Desc n
Attach leads to the potentiometer.
To do this cut a male-to-male (grey
in diagrams below) lead in half and
strip the ends. Then solder one
lead to the middle pin of the
potentiometer and solder the
second lead to either of the side
pins.




Template of Hardware Metapaper

F T on to the Journal of O
(1) Overview

Title

3D-printable model! of a particle trap: development and use in the physics classroom

Paper authors

McGinness, Lachlan;
Diihrkoop, Susanne;
. Jansky, Alexandr:
Keller, Oliver;
Lorenz, Ankatrin;
Schmeling, Sascha;
- Wendt, Klaus;
Woithe, Julia;

Paper author roles and affiliations

1. CERN, European Organization for Nuclear Research, Geneva, Switzerland and Physics
Education Centre, Australian National University

2. CERN, European Organization for Nuclear Research, Geneva, Switzerland

3. CERN, European Organization for Nuclear Reseal Geneva, Switzerland and Austrian
Educational Competence Centre Physics, University of Vienna, Austria

4. CERN, European Organization for Nuclear Research, Geneva, Switzerland

5. Albert Ludwig University of Freiburg, Germany

6. CERN, European Organization for Nuclear Research, Geneva, Switzerland

7. Johannes Gutenberg University, Mainz, Germany

8. CERN, European Organization for Nuclear Research, Geneva, Switzerland

Abstract

Quadrupole ion traps are modern and versatile research tools used in mass spectrometers,
in atomic frequency and time standards, in trapped ion quantum computing research, and for
trapping anti-hydrogen ions at CERN. Despite their educational potential, quadrupole ion
traps are seldom introduced into tl hysics classroom not least because commercial
quadrupole ion traps appropriate for classroom use are expensive and difficult to set up. We
present an apen hardware 3D-printable quadrupole ion trap suitable for the classroom,
which is capable of trapping lycopodium spores

The quadrupole ion trap operates using a 3 kV 50 Hz alternating current power supply and
uses an astable multivibrator circuit including high luminosity LEDs to illuminate the spores.
using the stroboscopic effect to exhibit their movement.

The trap can be used in teaching laboratories to enhance high school and university
students’ understanding of eleciric fields and their applications.

Metadata Overview

Design files & accompanying documents: DOI
: https://zenod 787

Target group: secondary school students, undergraduate students, and their teachers

Skills required: Desktop 3D printing - easy; Point to Point breadboard construction - easy
Replication: For example, a master's thesis on DIY construction of quadrupole ion traps is
available in German [3]. Commercial versions of the project can be purchased at Newtonian
Labs and LD Didactic [8, 13]. Future versions of designs may be found at DO}
10.5281/zenodo. 1251786

See section “Build Details” for more detail.

Keywords

Physics Education; Quadrupole lon Trap; Paul Trap; Particle Trap.

Introduction

3D printing and ‘making’ in an educational context has become more prevalent and 3D

ers are becoming more widespread in schools and universities throughout Europe,
America and Australia [7, 10, 12]. There is also increasing focus on modem physics and
particle physics in high school curricula [1, 2, 5. However, particle physics can be an
abstract topic as there are a limited number of hands-on experiments that students can
perform.

One type of a *hands-on’ experiment that students can perform is the construction of particle
traps such as the quadrupole ion trap. Wolfgang Paul and Hans George Dehmelt developed




PAUL TRAP

Everything is available online at:
https://zenodo.org/record/1251787#.Wz9bHNIzaUk



PARTICLE IDENTITIES

Online Game where you can determine what
type of particle fits your personality best:

https://scoollab.web.cern.ch/
particle-identities
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HST S"COOL LAB WORKING GROUP 2
SEMICONDUCTORS AT CERN

* Experience how Semiconductors can be introduced at school
* Use hands-on low cost experiments to discover different functional circuits

* Create your own model for school, explaining the use of semiconductors at CERN

Sensor switch



AIM : GO FROM ZERO KNOWLEDGE TO
BUILD LOW COST PARTICLE
DETECTORS USING SEMICONDUCTORS

Rodmhon de’rec’ror

Home made




AIM : GO FROM ZERO KNOWLEDGE TO
BUILD LOW COST PARTICLE
DETECTORS USING SEMICONDUCTORS

Radiation detector
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DIY Particle Detector
https://scoollab.web.cern.
ch/diy-particle-detector
(Oliver Keller)
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EIN LEBEN NACH DEM CERN
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