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Particle physics and cancer 

The purpose of this document is to provide a more detailed plan for a visit to one of CERNs experiment, the Antiproton Cell Experiment.  The document contain references to external local documents as well as internet sites. In appendix 1. is a list of local documents that should be stored in the same folder as this document is.

1. Before the visit

The visit is prepared by going through theory, exercises and experiments related to the ACE. The main objective is for the students to understand the general mechanisms of cancer thumors, the concept of dose, the different interaction mechanisms between tissue and ionising radiation and why antimatter is an interesting in the perspective og thumor therapy.

 1.1 Theory:

1.1.1 Gamma rays, 

Interaction between electromagnetic radiation and matter, Compton scattering, photoelectric effect and pair production. The exponential decrease of energy.

Teacher material: 

For an overview see http://en.wikipedia.org/wiki/Gamma_ray where the mechanisms of Compton scattering, Photoelectric effect and Pairproduction is described.
1.1.2 Particles:

In order to understand why particles and e/m-radiation interact differently the students must understand that the body essentially is close to empty. By calculating typical distances in the atom and  comparing scale to macroscopic systems the students learn why the chance of interaction is low. Understand why particles is better than x-ray in killing tumors and limiting damage to sensitive organs and tissue

The Linear Energy Transfer (LET) is defined by dE/dx and the concept of Stopping power and range is defined . The energy deposited pr. Unit length is described by the The stopping power and the Bragg curve.

Simulation of particles (p, C-12, p) through matter. http://www.srim.org/  contain an overview and a monte carlo based simulation program. 

At the advanced levels the students could develop model for dE(x)/dx  using the experimental stopping, see power curve for inspiration.

1.1.3 Teacher material:

For charged non electron particles the Bethe formula gives the solution to the problem:
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Where

β= v / c

v=velocity of the particle

E=energy of the particle

X=distance travelled by the particle

C=speed of light
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=particle charge

E=charge of the electron
M=erest mass of the electron’
N=electron density of the target

I=mean excitation potential of the target
After a little manipulation you get
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At low energy, the energy loss according to the Bethe formula therefore decreases approximately as 1 / v2 with increasing energy.
More material:

Overview from the ACE group
Slide show on Linear Energy Transfer Relative Biological Effectiveness Oxygen Enhancement Ratio
Word version of a ACE presentation from cern.cn

Power point on radiation-matter interaction
Article on Antiproton therapy
.

1.1.4 For electrons: http://books.google.com/books?id=v68J1dgCEn8C&pg=PA390&lpg=PA390&dq=photon+stopping+power&source=bl&ots=bZy2uC_HFs&sig=Iimtu25nuQlSZYslOj3MfGqH1mg&hl=da&ei=eYNZSvqZHILQ-QbBkciLDQ&sa=X&oi=book_result&ct=result&resnum=3 gives an explanation.

1.1.5 .Hospital equipment

Alrready from the early days of atomic physics the ionising radiation has been used in therapy. A plan could be:

1.1.5.1. Historical development, from tubes to Co-60 hospital equipment, Issues solved.

· Modern X-ray equipment, how it was used

· Planning of treatment. 

· Critical organs. 

· Tissue damage. 

· How is a real life treatment, what is the patient doing

1.1.6 .Exercises: 

1. simple calculation of dose

2. calculation of dose delivered to thumor and to critical organ from  x-ray pictures, depth/energy/dose-graphs, 

3. Planning a treatment,  simple example showing key principles

1.2 Experiment:
Gamma through water, energy as a function of the depth, dose as a function of the depth.

2. During

2.1 Theory:
What are the problems and questions that CERN-ACE tries to solve.

OH-presentation (’15 h)

Discussion and exercise:

1. Find critical points in the experimental set up

2. Simple calculations

Visit to Bern, practical particle therapy – optional.

2.2 Experiments: 

How is the experiment set-up – (poster and handout (A3 folded to 4*A4))

What are the findings until now – (poster and handout)

Unanswered questions 

Plan going foreward
Student activity: 

Simple calculation/drawing graphs based on simplified data from live experiments. Should show the principles with a progression towards real data (increasing complexity)

Complete their own experiment with accelerator beam.

3. After

After the visit a possibility is to broaden the scope. The class could be divided into project groups. A list of problems/projects could be assigned or the groups could define problems that they would like to address. During the project the groups could collect information from e.g. external sources like patient organisations, associations of doctors or even international organisations.

Projects could be:

What is the status of cancer treatment in my country.
What are the plans for development of the therapy possibilities.

What is the attitude among patients, doctors, decision makers and organisations.

Appendix 1:

List of related files:

AD-4_ACE.doc

Antimatter could fight cancer.doc

ahs133_RB_ch_06.pdf

sdarticle-au.pdf

Antiproton Cancer therapy.ppt

EMLowEnergy.ppt
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