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Building a Commercial Space
Launch System and the Role of

Space Tourism in the Future

Taoud nan WIToMsUsSEL/RINI SN TERENY
04 July 2010 16:30-17:30 Welcome Reception Mick Storr (CERN)
17:30 - 18:30 Short site tour Mick Storr (CERN) , Sascha
Marc Schmeling (CERN)
18:30- 19:30 Practical Information Mick Storr (CERN)
05 July 2010 08:30 - 09:00 Registration Christel Ranta (CERN) ,
Maureen Prola-
Tessaur (CERN)
09:00 - 09:45 Audio-visual Introduction to Mick Storr (CERN)
CERN
10:00 - 12:30 Team Building Mick Storr (CERN)
14:00 - 15:00 Collect ID Cards
15:00- 17:00 Visit Globe Universe of Particles | Rolf Landua
Exhibition
06 July 2010 09:00 - 09:45 CERN Education Mick Storr (CERN)
10:00- 11:30 Introduction to Particle Physics Rolf Landua (CERN)
(1/3)
11:30-12:30 Preparation and presentation of
national school systems
14:00 - 15:30 Introduction to Detectors (1/2) Frank Hartmann (KIT -
IEKP)
16:30-17:30 SPECIAL COLLOQUIUM : Will Whitehorn, President
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18:00 - 23:00 Pool and Pizza Mick Storr (CERN)
07 July 2010 09:00 - 10:00 Presentation of national school Terrence Baine (University
systems of Oslo, former CERN
Teacher in residence)
10:00- 11:30 Introduction to Particle Physics Rolf Landua (CERN)
(2/3)
14:00 - 15:30 Introduction to detectors (2/2 Frank Hartmann (KIT -
IEKP)
15:30 - 17:00 Visit CMS Control Centre and Sascha
Computer Centre Marc Schmeling (CERN) ,
Andreas Hirstius (CERN)
17:00 - 20:00 Welcome Drink
08 July 2010 09:00 - 10:00 Presentation of national school
systems (cont)
10:00-11:30 Introduction to Particle Physics Rolf Landua (CERN)
(3/3)
11:30- 12:30 Presentation of national school
systems (cont)
13:30- 16:00 Build a Cloud Chamber Mick Storr (CERN)
13:30- 16:00 Lecture Review and Discussion
16:30- 17:30 Q/A
09 July 2010 09:00 - 10:00 Presentation of national school
systems (cont)
10:00- 11:30 Antimatter Teaching Modules Terrence Baine (University
of Oslo, former CERN
Teacher in residence)
13:30-17:30 Visit CCC and SM-18
13:30-17:30 Introducing the Teachers Lab Sascha
Marc Schmeling (CERN)
11 July 2010 13:00 - 23:00 Discover Geneva Treasure Hunt Mick Storr (CERN)
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12 July 2010 09:00 - 09:45 Introduction to Accelerators (1/2) | Daniel Brandt (CERN)
10:30-11:30 Introduction to Cosmology (1/2) Geraldine Servant
11:30-12:30 Presentation of national school
systems (cont)
14:00 - 15:00 Presentation of working Groups Sascha
Marc Schmeling (CERN) ,
Konrad Jende (Technische
Universitaet Dresden) ,
John Turner,
Rolf Landua (CERN) ,
Mick Storr (CERN) ,
Terrence Baine (University
of Oslo, former CERN
Teacher in residence)
15:00 - 16:00 Reflection
16:00- 16:30 Selection of Working Groups
13 July 2010 09:00 - 09:45 Introduction to Accelerators (2/2) | Daniel Brandt (CERN)
10:00- 10:30 Q/A Accelerators Daniel Brandt (CERN)
10:30-11:30 Introduction to Cosmology (2/2 Geraldine Servant
11:30-12:30 Presentation of national school
systems (cont)
15:00 - 17:00 Visit PS/LINAC/LEIR
14 July 2010 09:00 - 10:30 Medical Applications of Particle Manjit Dosanjh (CERN)
Physics
10:30- 17:00 Working groups
15 July 2010 09:00 - 10:30 Presentation of national school
systems (cont)
11:15-12:00 Antimatter in the Lab (1/3) Rolf Landua (CERN)
13:30-17:00 Working groups
16 July 2010 09:00 - 10:00 Phywe Presentation Christine Poloni (Phywe)
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10:15-11:00 Antimatter in the Lab (2/3) Rolf Landua (CERN)
11:15-12:00 Antimatter in the Lab (3/3) Rolf Landua (CERN)
14:00 - 16:00 Short Historical Tour of CERN Mick Storr (CERN)
17:30-01:30 Hardronic Festival

17 July 2010 16:30-01:30 Hardronic Festival
19 July 2010 09:00 - 12:00 Accelerate ! Suzanne Sheehy (University
of Oxford)
19:00 - 00:00 International Evening
20 July 2010 09:00-11:30 Perimeter Institute - Quantum
worlkshop
13:00 - 15:30 Perimeter Institute - Dark Matter
Workshop
21 July 2010 08:30-12:30 Visit LHCb/DELPHI/CAST
18:15-23:00 Jura pic-nic Mick Storr (CERN)
22 July 2010 08:30- 17:00 Working groups
17:00 - 18:00 Special Guest Jonathan R. Ellis (CERN)
23 July 2010 09:00 - 12:00 Reports from the Working
Groups
14:00 - 15:00 Reports from Working groups
(cont)
15:00- 15:30 Closing Address by the Director Rolf Heuer (CERN)
General of CERN
19:00 - 00:00 Farewell BBQ
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Introduction in Particle Physics
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Introduction to Detectors
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11. FUUUNLAY (509 Building a Commercial Space Launch System and the Role of

Space Tourism in the Future
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3. Visit CMS Control Centre and Computer Centre
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International Baccalaureate Diploma



Physics

Syllabus overview

The syllabus for the Diploma Programme physics course is divided into three parts: the core, the AHL
material and the options. The Physics data booklet is an integral part of the syllabus and should be used in
conjunction with the syllabus. Students should use the data booklet during the course, and they should be
issued with clean copies for papers 1, 2 and 3 in the examination.

Teaching
hours
Core 80
Topic 1: Physics and physical measurement 5
Topic 2: Mechanics 17
Topic 3: Thermal physics 7
Topic 4 Oscillations and waves 10
Topic 5: Electric currents 7
Topic 6: Fields and forces 7
Topic 7: Atomic and nuclear physics 9
Topic 8: Energy, power and climate change 18
AHL 55
Topic 9: Motion in fields 8
Topic 10:  Thermal physics 6
Topic 11:  Wave phenomena 12
Topic 122 Electromagnetic induction 6
Topic 13:  Quantum physics and nuclear physics 15
Topic 14:  Digital technology 8
Options 15/22
Options SL
Option A:  Sight and wave phenomena 15
Option B:  Quantum physics and nuclear physics 15
Option C:  Digital technology 15
Option D:  Relativity and particle physics 15

© International Baccalaureate Organization 2007 43
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Syllabus overview

Options SL and HL

Option E:  Astrophysics

OptionF:  Communications
OptionG:  Electromagnetic waves
Options HL

Option H:  Relativity

Optionl:  Medical physics

Option J:  Particle physics

Teaching
hours

15/22
15/22
15/22

22
22
22

Students at SL are required to study any two options from A-G.
The duration of each option is 15 hours.

Students at HL are required to study any two options from E-J.
The duration of each option is 22 hours.

44 @ International Baccalaureate Organization 2007
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1B Working Group Reference Document

Option J: Particle physics (22 hours)

A free CD-Rom produced by CERN (also available on the CERN web site) covers all the material in this
option.

In this option, all masses are assumed to be rest masses.

TOK: This whole option contains a wealth of information for discussion, for example, the nature of
observation, the meaning of measurement, and the meaning of evidence. How developments in one field
lead to breakthroughs in another is also a fascinating topic, for example, particle physics and cosmology.

J1 Particles and interactions

5 hours

Assessment statement Obj | Teacher’s notes

Description and classification of particles

J1a State what is meant by an elementary 1 Particles are called elementary if they have no
particle. internal structure, that is, they are not made out of
smaller constituents.

J1.2 Identify elementary particles. 2 The classes of elementary particles are quarks,
leptons and exchange particles. The Higgs particle
could be elementary.

J1.3 Describe particles in terms of mass 2 Students must be aware that particles (elementary
and various quantum numbers. as well as composite) are specified in terms of their
mass and various quantum numbers. They should
consider electric charge, spin, strangeness, colour,
lepton number and baryon number.

J14 Classify particles according to spin. 1
J1.5 State what is meant by an antiparticle. 1
J16 State the Pauli exclusion principle. 1

Fundamental interactions

J17 List the fundamental interactions. 1 Since the early 1970s the electromagnetic and weak
interactions have been shown to be two aspects of
the same interaction, the electroweak interaction.

J1.8 Describe the fundamental 2
interactions in terms of exchange
particles.

J19 Discuss the uncertainty principle for 3 A simple discussion in terms of a particle being
time and energy in the context of created with energy AE existing no longer than a
particle creation. time At given by

AEAt= h
4

Feynman diagrams

J1.10 Describe what is meant by a Feynman 2
diagram.

1|Page
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Feynman diagrams.

Assessment statement Obj | Teacher’s notes

4111 Discuss how a Feynman diagram may 3 Numerical values of the interaction strengths do
be used to calculate probabilities for not need to be recalled.
fundamental processes.

4112 Describe what is meant by virtual 2
particles.

J113 Apply the formula for the range R for 2 Applications include Yukawa's prediction of
interactions involving the exchange the pion or determination of the masses of the
of a particle. W=, Z" from knowledge of the range of the weak

interaction.

J1.14 Describe pair annihilation and 2
pair production through Feynman
diagrams.

J1.15 Predict particle processes using 3 |For example, the electromagnetic interaction leads to

photon—photon scattering (that is, scattering of light
by light). The particles in the loop are electrons
or positrons:

photon photon

photon photon

J2 Particle accelerators and detectors

6 hours
Assessment statement Obj | Teacher’s notes
Particle accelerators
J.21 Explain the need for high energies 3
in order to produce particles of large
mass.
J22 Explain the need for high energiesin 3 Students should know that, to resolve a particle of
order to resolve particles of small size. size d the de Broglie wavelength X = h of the
P
particle used to scatter from it must be of the same
order of magnitude as d.
The connection with diffraction may prove useful
here.
J23 Outline the structure and operation of 2
a linear accelerator and of a cyclotron.
J.24 Outline the structure and explain the 3 Students should be able to explain how the
operation of a synchrotron. charged beams are accelerated, why the magnetic
fields must vary and why the ring has a large radius.
J.2.5 State what is meant by 1
bremsstrahlung (braking) radiation.

2|Page
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Assessment statement Obj | Teacher’s notes

J286 Compare the advantages and 3
disadvantages of linear accelerators,
cyclotrons and synchrotrons.

J27 Solve problems related to 3 These include the total energy of the particle in
the production of particles in terms of its mass and kinetic energy, and the total
accelerators. energy available from the collision of a particle with

a stationary target.

Particle detectors

J2.8 Qutline the structure and operation 2
of the bubble chamber, the
photomultiplier and the wire
chamber.

J29 Qutline international aspects of 2 Students should be aware that governments need
research into high-energy particle to collaborate to construct and operate large-scale
physics. research facilities. There are very few accelerator

facilities, for example, CERN, DESY, SLAC, Fermilab
and Brookhaven. Results are disseminated and
shared by scientists in many countries.

J.2.10 Discuss the economic and ethical 3 Students should be aware that, even at the height
implications of high-energy particle of the Cold War, Western and Soviet scientists
physics research. collaborated in the field of particle physics.

J3 Quarks
2 hours
Assessment statement Obj | Teacher’s notes

J.341 List the six types of quark. 1

J3z2 State the content, in terms of quarks 1
and antiquarks, of hadrons (that is,
baryons and mesons).

J33 State the quark content of the proton 1
and the neutron.

J34 Define baryon number and apply 2 Students should know that baryon number is
the law of conservation of baryon conserved in all reactions.
number.

J3.5 Deduce the spin structure of hadrons 3 Cnly an elementary discussion in terms of spin “up”
(that is, baryons and mesaons). and spin “"down” is required.

J36 Explain the need for colour in forming 3 Students should realize that colour is necessary
bound states of quarks. to satisfy the Pauli exclusion principle. The fact

that hadrons have no colour is a consequence of
confinement.

J3T7 State the colour of quarks and gluons. 1

J|Page
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Assessment statement Obj | Teacher’s notes

J38 Qutline the concept of strangeness. 2 It is sufficient for stuclents to know that the
strangeness of a hadron is the number of
anti-strange quarks minus the number of strange
quarks it contains.
Students must be aware that strangeness is
conserved in strong and electromagnetic
interactions, but not always in weak interactions.

J39 Discuss quark confinement. 3 Students should know that isolated quarks and

gluons (that is, particles with colour) cannot be
observed. The strong (colour) interaction increases
with separation. More hadrons are produced when
sufficient energy is supplied to a hadron in order to
isolate a quark.

J.310 Discuss the interaction that binds 3 It is sufficient to know that the interaction between
nucleons in terms of the colour force nucleons is the residual interaction between the
between quarks. quarks in the nucleons and that this is & short-range

interaction.
J4 Leptons and the standard model
2 hours
Assessment statement Obj | Teacher’s notes

Jaa State the three -family structure of 1 Students should know that the standard model
quarks and leptons in the standard is the presently accepted theory describing the
model. electromagnetic and weak interactions of quarks

and leptons.

J42 State the lepton number of the 1
leptons in each family.

J43 Solve problems invelving 3 Students should know that electric charge, total
conservation laws in particle energy, momentum, baryon number and family
reactions. lepton number are conserved in all particle

reactions. Strangeness is conserved in strong and
electromagnetic interactions, but not always in
weak interactions.

J44 Evaluate the significance of the Higgs 3 Students should know that particles acquire mass
particle (boson). as a result of interactions involving the Higgs boson.

J5 Experimental evidence for the quark and standard models
5 hours
Assessment statement Obj | Teacher’s notes

J.51 State what is meant by deep inelastic 1
scattering.

J52 Analyse the results of deep inelastic 3 Students should appreciate that these experiments
scattering experiments. provide evidence for the existence of quarks, gluons

and colour.
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Assessment statement Obj | Teacher’s notes

J5.3 Describe what is meant by asymptotic 2 Itis sufficient for students to know that the strength
freedom. of the strong interaction decreases as the energy

available for the interaction increases.

J54 Describe what is meant by neutral 2 A simple description in terms of processes involving
current. Z" exchange is sufficient.

J55 Describe how the existence ofa 2 Students should know that only the standard
neutral current is evidence for the model predicts weak interaction processes
standard model. involving the exchange of a massive, neutral

particle (the Z® boson).

Ed6 Cosmology and strings

2 hours
Assessment statement Obj | Teacher’s notes

J6.1 State the order of magnitude of the 1 The temperature of the universe was 10% K at
temperature change of the universe 10~* s after the Big Bang and is 2.7 K at present.
since the Big Bang.

J6.2 Solve problems involving particle 3 For example, problems will include calculation of
interactions in the early universe. the temperature:

atwhich production of electron—positron pairs
becomes possible

at which nucleosynthesis can take place

when the universe becomes transparent to
radiation.

J6.3 State that the early universe 1
contained almost equal numbers of
particles and antiparticles.

J64 Suggest a mechanism by which 3 A simple explanation in terms of the impossibility
the predominance of matter over of photons materializing into particle—antiparticle
antimatter has occurred. pairs once the temperature fell below a certain

value is all that is required.

JE.5 Describe qualitatively the theory of 2 Students should be aware that the failure to
strings. reconcile gravitation with quantum theory has

created the idea of a string as the fundamental
building block of matter. The known fundamental
particles are modes of vibration of the string similar
to the harmonics of an ordinary vibrating string.

5|Page
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Introduction to Bubble Chamber

By Peempond Phaprom

HST 2010 (IB Group)
CERN

QOutline

* History of the Bubble chamber
* How does the Bubble chamber work

* How to read a photographs from Bubble
chamber
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History of the Bubble chamber

The aim of particle physics is to study the fundamental building
blocks of nature and the forces they exert on each other.
Atypical fixed target experiment consists of taking particles
from a machine called an accelerator, colliding them with
atomic nuclei in a target, and measuring what comes out in

a machine called a detector

—_— '--.-___,.
* *
D ——— -—-..._-'
Beam fram Collisions with Measurement
accellerator nucled in taroget in detector

http://teachers.web.cern.ch/teachers/archiv/HST2005/bubble_chambers/BCwebsite/index.htm

The bubble chamber : BC

The BC, which served particle physics well for about 40 years,

playing a crucial part in establishing the quark-parton model,
is special because it is both target and detector

The BC, invented by Donald Glaser in 1952. |

Courtesy of and ©The University
of California, Berkeley




Donald Glaser with Bubble Chamber

http://www.osti.gov/accomplishments/glaser.html

Discovery of the Omega-minus Particle

In the early Sixties theorists found in group theory a ready-made
mathematical description that seemed to provide a remarkably
successful scheme for classifying the then known hadrons.

This scheme was not based on any underlying theory of fundamental
structure, nor was it derived from any abstract principle.

It simply provided a concise representation that exhibited symmetry
and order and, additionally, predictive power.

49
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The baryons and mesons known at the time fell into
symmetric families of multiplets (octuplets, decuplets) sharing
two identical quantum numbers (spin and parity), but differing
in an ordered way in others (mass, charge, baryon number
and strangeness).

The mathematical group to fit this complex situation-SU3, the
symmetric, unitary group of dimension 3- was proposed
independently by Professors Gell-Mann at California Institute
of Technology and Ne'eman at Imperial College, London, and
named by Gell-Mann "The Eightfold Way."

This new classification scheme, it was hoped, might lead in
time to an understanding of particle structure just as the
classification of the line spectra of atoms, following Balmer's
discovery of order in the spectrum of the hydrogen atom,
provided the first step leading to quantum mechanics and the
understanding of the dynamics of atomic structure.

It was thus very important that the validity of SU3 be demonstrated
by experiment. A major prediction was that

a particle (named by Gell-Mann the omega-minus),

an isotopic singlet with spin = 3/2,

positive parity, mass of roughly 1,680 MeV,

negative charge, baryon number +1, strangeness = -3,

and stable to strong decay, should exist to complete the 3/2+
baryon decupled.

It was therefore a major triumph for the scheme when the omega-
minus, a baryon with the precise mass, charge and strangeness
predicted, was discovered in 1964



the Omega-minus Particle was discovered by a team of
physicists from Brookhaven, the University of Rochester and
Syracuse University, led by Nicholas Samios of Brookhaven,
using the 80-inch bubble chamber. This crucial experiment also
verified the symmetry breaking by medium-strong interactions
which accounts for the mass differences within the multiples.

This finding supported the first attempt by
physicists to organize the increasingly long
list of subatomic particles into an orderly
pattern, similar to that used to arrange
chemicals in the periodic table.

Nicholas Samios

http://www.mlahanas.de/Greeks/new/Samios.htm

When the first photograph of particle interactions was made in June

1963, the 80-inch Bubble Chamber was the largest such detector in
the world

The 80-inch Bubble Charnber -

http://www.bnl.gov/bnlweb/history/80_inch.asp
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http://www.bnl.gov/bniweb/
history/Omega-minus.asp

The bubble chamber picture of the first omega-minus. An incoming K-
meson interacts with a proton in the liquid hydrogen of the bubble
chamber and produces an omega-minus, a K° and a K+ meson which all
decay into other particles. Neutral particles which produce no tracks in
the chamber are shown by dashed lines. The presence and properties
of the neutral particles are established by analysis of the tracks of their

charged decay products and application of the laws of conservation of
mass and energy.

The CERN 2m hydrogen bubble chamber
http://teachers.web.cern.ch/teachers/archiv/HST2005/bubble_chambers/BCwebsite/index.htm



Gargamelle, the heavy-liquid bubble chamber
at CERN in which neutral currents were discovered

http://teachers.web.cern.ch/teachers/archiv/HST2005/bubble_chambers/BCwebsite/index.htm

one of the first ones

http://teachers.web.cern.ch/teachers/archiv/HST
2005/bubble_chambers/BCwebsite/index.htm
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How does the BC work

Atank full of liquid hydrogen
contains proton targets

Charged patrticles travelling through
matter lose energy by ionizing
atoms. If one can record this
ionization before the electrons and
ions re-combine, we have a
detector.

In the bubble chamber, the energy
imparted to electrons by charged
particles travelling through creates http:llen. wikipedia.org/wiki/Bubble
trails of bubbles along the paths of B

the charged particles.

These can be photographed, providing a permanent record
of where the charged particles went — a bit like the vapour
trails of aeroplanes.

CERN Photo : http://www.particlephysics.ac.uk/news/picture-of-the-week/picture-
archive/tracks-in-a-hydrogen-bubble-chamber.html

the proton nuclei are the targets, the electrons do the detecting.
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The bubble chamber works as follows:

The liquid (these figures are for a roughly 2:1 neon-
hydrogen mix) is prepared and held under a pressure
of about 5 atmospheres (1atm=105 Pa).

l

Just before the beam arrives from the
accelerator, the pressure is reduced to
about 2 atmospheres making the liquid
superheated.

| As charged beam particles pass
through the liquid they deposit energy
by ionizing atoms and this causes the
liquid to boil along their paths. ‘

Some beam particles may also collide
with an atomic nucleus — this is what
we want to study - and the charged
particle products of such interactions
also ionize the liquid causing trails of
bubbles to form.

_|—> The bubbles formed are allowed to grow for a
few ms, and when they have reached a
diameter of about 1 mm, a flash photograph is
taken (on several views so as to enable the
interactions to be reconstructed in 3-
dimensions).

—I—) The pressure is then increased again
to clear the bubbles and await the
arrival of the next burst of beam
particles.
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How to read BC pictures

1. A very rich 'typical' bubble chamber picture

The picture contains examples of many characteristic features that need
to be recognized if one is to be able to interpret such pictures. In
particular:
- Collisions between beam particle and a target proton (the initial state)
- Identification of as many final state particles as possible, usually by
analyzing their decays
# A neutral particle usually decays into a positive particle and a
negative particle, giving a characteristic letter vee (V)-shaped vertex
# A charged particle usually decays into another particle of the
same charge, but lower momentum, and at least one neutral particle; the
sudden change in curvature is called a ‘kink’.
# Dark tracks are often protons
# Spiralling tracks are electrons (or antielectrons )
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2. Finding collisions

Beam particles whose tracks do NOT remain parallel all the way through the
picture must have collided with a proton in a hydrogen atom. There are two
collisions here. In a real experiment both these collisions would have been
recorded and analyzed. Here we will concentrate on the more interesting
‘event' B that produces a spray of 4 charged particles.

Collision produces two outgoing tracks Collision produces four outgoing tracks

&

3. The effect of magnetic fields on moving

charged particles

A magnetic field will curve the trajectory of charged particles
Negatively charged particles are curved in one direction
(event A) positive particles in the opposite direction (event B)

Megative particles curve one way Positive particles curve other way
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NOTE :

The little curly tracks are produced by electrons which
are knocked out of the atoms by charged particles
passing by - so the magnetic field points into the screen.

Electrons spiral because they are much lighter than

all other charged particles and lose energy quickly by
another process called bremsstrahlung

4. Classifying collisions - number of charged
tracks

If any beam particle does NOT continue parallel through the
picture, it must have collided with a proton. (Very occasionally
a beam particle may decay)

The first quantity of interest is the number of charged
particles coming from the collision.
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ASIDE: Since we are studying the collisions of’

particleswith protons, p , the total charge of the
ofgd, initial state is always zero.

From charge conservation - one of the most
important rules of particle physics — every g’

p collision must produce an equal number of
positive and negative particles. (Every charged
particle that leaves a track in a bubble chamber
has a charge of +/- the charge of the electron.)

1straight track that kinks

2 positive tracks (A) 1 negative track (B) suddenly, before travelling
far enough (C)

Two positive tracks One negative track One track of unknown charge



5. Classifying collisions - number of neutral
particles

Neutral particles do NOT leave trails \
of bubbles (because bubble formation
is initiated by the ionization of the
hydrogen atoms by the Coulomb
interaction). However, an unstable
neutral particle may decay in the
bubble chamber into a pair of lighter
particles - one positive and one
negative - leaving an easily
recognisable letter V (or vee) shape.

Meutral particle decaying to a positive
and a negative particle

If the tracks from the vee happen to cross again,
downstream, the line joining the crossing position to the
decay position (the V) points back to the origin of the neutral
particle. So our neutral decay vee can be seen to be coming
from the collision and not from the kink.

Vee comes from collision, not from kink

60




6. Identification of particles from a collision
by their decays

An unstable charged particle may also decay - usually into

a charged particle of the same sign and one or more

neutral particles. This shows up in the bubble chamber as
a kink - a sudden change into a more curved track

Kink, signifying the decay of a charged
particle

Notice : that one of the positive tracks kinks twice (B), ending up

with a positive spiraling track (produced by an anti-electron e*-and
e’ and ordinary electrons e - spiral)

Two kinks signifying successive decays
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7. Decay signatures

When particles are able to travel a measurable distance in the
bubble chamber before they decay, it is often possible to
recognize them from an analysis of the tracks made by their
decay products

# e*and e - can be recognized because they spiral and sometimes
produce identifiable bremsstrahlung photons which can 'materialise
to e* e ~pairs in the field of a nucleus

# Dark (sometimes short) tracks are very often produced by slow
protons.

The following are sketches of the decay signatures that can occur,
enabling us to identify certain particles. Depending on the
momenta involved (given by the curvature of the tracks), these
basic shapes may be somewhat distorted, but their topologies —
defined by the vees and kinks — will remain.

et
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