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Cancer:

Deaths Renewal

• dE-E Si

We can then modify the geometry using a rotation matrix that we’ll add in G4 detect.C
in order to have less noise in the background and not have the shape of the beam in the
�E-E graph. The rotation matrix will place the detector at a certain angle (here 5°) from
the axis of the beam.

6 Questions

• Why do we have the disintegration of radioactive beams in the bragg peak ?

• what is the Ganil experiment ?

• Theranostic

• Y a-t-il une dose importante déposée dans les tissus au niveau du plateau (avant le
bragg peak) ?

7 Other

Marie’s personal phone number :: 0632153902

Decay of Lithium 8:

8
3Li5 ! 8

4Be4 + e� + ⌫̄e ! 4
2He2 + 4

2He2 + e� + ⌫̄e

Decay of Helium 8:

8
2He6 ! 8

3Li5 + e� + ⌫̄e

Link for materials in geant4 :

http://hurel.hanyang.ac.kr/Geant4/Doxygen/10.03/html/d3/d04/_g4_nist_material_builder_8cc_source.html

8 To do list

To check before doing the simulation :

• Make sure that the target/world has the right size

• Check the material, the number and the position of the detector.s (in DetectorCon-
struction.cc)

• In G4 detect.C, make sure that you are going to create the right graphs and that you
are collecting all the information you need

• Make sure that you have the same information in rib.mac and vis.mac

• For the Si, we need to make the simulation for 0 and 5°

• Check the visualisation
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Potential death 
of the patient

• Surgery, old technic, localised tumour
• Chemotherapy, stops cell division
• Radiotherapy, X-Rays and possibly RIB

Usually 
combined

1Subatomic::

1.1Specialrelativity

1.1.1Timedilatation

WedefineashipmovingatavelocityvwithrespecttotheEarth.Theship’sframeof
referenceisdenotedR0andtheEarth’soneR.InR0wehave::

c=
2d

�t0
,d=

c�t0
2

NowbyplacingourselvesinRwecanfind::

✓
c�t

2

◆2

=

✓
c�t0

2

◆2

+

✓
v�t

2

◆2

,(c�t0)
2

=(c�t)
2
�(v�t)

2
,�t0=�t

r
1�

v2

c2

Thepropertimeisalwayssmallerthanthetimethereferenceframeatrest.Thereal
lifetimeofparticlesintheirreferenceframeisthereforelongerthantheoneweobserve!
Wecanalsodefinethequantity�linkingbothtimesas::

�t=��t0)�=
1

q
1�

v2

c2

1.1.2Lengthcontraction

Wesupposethattheshiphastotraveladistancel0intheR.Thereforeitstraveltime
simplyis�t=l/v.HoweverinR0histraveltimeisdi↵erentandequaltowhatwefound
justbefore.InR0wehave::

l0=v�t

r
1�

v2

c2
,l0=l

r
1�

v2

c2

Weendupwiththeproperlengthtoalwaysbesmallerthanthelengthintheframeof
referenceatrest.

1.1.3SpecialLorentztransformation

Thistimewe’regoingtoconsiderasphericalwaveexpendingatthevelocitycinthe
twodi↵erentreferenceframesRandR0(thesecondonemovingrelativetotheother).The
spaceisconsideredisotropicandthemotionofR0iswithaspeedvalongthexaxis.

(
ct=�(ct0+�x0)

x=�(x0+�ct0)and

(
ct0=�(ct��x)

x0=�(x��ct)

Nowifwesaythatvcanbeinanydirectionandbydefining�=v/cwehave

(
ct=�(ct0+�·r0)

x=�(x0+�ct0)and

(
ct0=�(ct��x)

x0=�(x��ct)

2
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Radiotherapy: type of therapy using X-rays to treat cancer.

• More widely used (cheaper than hadrontherapy)
• Irradiation of healthy tissues

Hadrontherapy: type of therapy using energetic 
protons or heavy ions to treat cancer.

• Precise dose deposition
• Higher dose at the end of the path (Bragg Peak)
• Lower irradiation of healthy tissues

Proton therapy and carbon ion therapy - Heidelberg University Hospital
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surrounding organs at risk (OAR) in the Bragg peak region, 
can be calculated by the stopping power. As shown in fig-
ure 2(B), the narrow pristine Bragg peak must be extended 
to cover all the tumor area (spread-out-Bragg-peak, SOBP). 
This can be done either by passive modulation of the primary 
beam, or by changing the energy while raster scanning tumor 
slices with a pencil beam (figure 5 ). Scanning provides super-
ior dose distributions compared to passive modulation, and 
greatly reduces the production of secondary neutrons, which 
may represent a risk for secondary cancers (see section 4.4). 
However, the interplay between pencil beam scanning and 
organ movement (figure 6) caused by breathing jeopard-
izes the dose distribution, and makes treatment of moving 
targets—e.g. lung tumors—with spot scanning much more 
complicated than with passive modulation (Bert and Durante 
2011). The range uncertainty, due to organ movements and 
other causes (see section  5 ), requires to deliberately deliver 
a higher range as prescribed in order to avoid missing part 
of the tumor. This in turn can move the SOBP into an OAR, 
thus increasing toxicity. Lateral scattering broadens the beam 
and creates an undesired penumbra. Figure 7  shows that the 
penumbra is reduced by increasing the atomic mass of the 
ion used in therapy (see section  3.2). Nuclear interactions 
generate slow target fragments, which give a small contrib-
ution to the dose but can have high biological effectiveness. If 
particles heavier than protons are used, projectile fragmenta-
tion produces fast fragments with a mean velocity similar to 
the velocity of the primary ion. These fragments have lower 
mass and therefore higher range than the primary ions (see 
section 3.1), thus generating a longitudinal tail in the Bragg 
curve (figure 2). The angular distribution of the fragments is 
narrow in the forward direction, but the spread of the lighter 
fragments (protons and helium) contributes to the lateral wid-
ening of the beam.

Hirohiko Tsuji and other Japanese radiotherapists elected 
to use C-ions and started a program at the National Institute 
for Radiological Sciences (NIRS) in Chiba in 1994, with more 
than 8000 thousand patients treated to date for almost all kind 
of solid tumors in different regions (Tsujii et al 2014, Kamada 
et al 2015 ). The NIRS success led to a widespread use of car-
bon therapy in other heavy ion facilities in Asia and Europe. 
The USA is also planning a C-ion therapy facility in the near 
future, over 20 years after the termination of the clinical trial 
at the Lawrence Berkeley National Laboratory. However, 
other ions with 1  <  Z  <  6 (especially 4He) or slightly heavier 
than 12C (e.g. 16O) can play a role in CPT (see section 3.4).

1.2. Ion radiobiology

In addition to the physical advantages, CPT can exploit sev-
eral biological advantages. Cell survival S after exposure to 
ionizing radiation is generally approximated at therapeutic 
doses with a linear-quadratic function

= α β− −S e D D2 (1)

where D is the dose in gray (Gy) and the α/β ratio defines 
the radiosensitivity of the tissues. Tumors and early, acute 

reactions in the normal tissue have generally high α/β ratio 
(around 10 Gy), while late normal tissue complications, the 
main limit for the total dose in radiotherapy, normally have 
low α/β ratio (around 2 Gy). This differential radiosensitiv-
ity is the base for fractionation in radiotherapy, because split 
doses will spare normal tissues (low α/β ratio) more than 
tumors (high α/β ratio).

Cell survival studies showed already many years ago 
(Blakely et  al 1984) that heavy charged particles have an 
increased relative biological effectiveness (RBE) compared to 
x-rays, mostly described by an increase in the α parameter, 
resulting in steeper survival curves. The RBE is defined as the 
ratio Dx/Dp of the x-ray and particle radiation doses giving 
the same biological effective—e.g. 10% cell survival (RBE10). 
The RBE depends on several physical (LET6, dose, dose rate, 
fractionation, particle mass etc) and biological (intrinsic 
radiosensitivity, biological endpoint, oxygen concentration, 
cell cycle phase, proliferation rate, etc) parameters (Durante 

Figure 2. Physical advantages of CPT. (A) Depth-dose distributions 
of high-energy x-rays and monoenergetic beams of protons or 
carbon ions. At the same range, C-ions have lower straggling 
than protons, but a tail of fragments is visible beyond the Bragg 
peak. In clinical applications, the Bragg peak must be extended to 
cover all the tumor (B). This can be done by overlapping different 
pristine beams at different energy and intensity. Figures from GSI 
Helmholtz Center library, Darmstadt, Germany.

6 In particle radiobiology, the stopping power (see section 3.1) is indicated as 
linear energy transfer (LET) and given in units of keV per µm of water.

Rep. Prog. Phys. 79 (2016) 096702

M. Durante 2016, Nuclear physics in particle therapy: a review, Research Gate

CHAPITRE 1 La thérapie par particules chargées

1.2.1.2 Courbe de Bragg

La formule de Bethe-Bloch donnée en équation 1.2.1.1 implique que moins une
particule chargée possède d’énergie, plus elle cèdera facilement cette énergie au
milieu traversé. Ce comportement implique que les particules chargées perdent
la majeure partie de leur énergie à la fin de leur parcours, dans un pic étroit
appelé le pic de Bragg. Ce profil particulier de dépôt d’énergie en fonction
de la profondeur atteinte dans le matériau est appelé courbe de Bragg, et est
illustré sur la Figure 1.4. Cette figure présente les profils de dépôt de dose pour
di↵érentes particules chargées (protons, 3He, 12C) ainsi que celui correspondant
à des photons �. La forme de ce profil est similaire pour les photons X.
C’est cette di↵érence dans les profils de dose entre particules chargées et pho-
tons qui constitue l’avantage balistique majeur de la hadronthérapie par rap-
port à la radiothérapie conventionnelle. En e↵et, contrairement aux ions, les
photons perdent tout au long de leur traversée dans la matière, suivant une
décroissance exponentielle due à l’atténuation du faisceau. Cette caractéristique
va permettre aux traitements en hadronthérapie d’épargner plus facilement les
tissus situés derrière le volume tumoral à traiter, et ainsi de limiter les e↵ets
délétères des rayonnements ionisants sur les tissus sains.

Figure 1.4 – Profils de dépôt de dose de photons de 21 MeV, d’ions 12C de 270
MeV/u, d’ions 3He de 170 MeV/u et de protons de 148 MeV. [Krämer et al.,
2016].

Amélioration des plans de traitement en hadronthérapie 13

M. Krämer and al., Helium ions for radiotherapy? Physical and biological verifications of a 
novel treatment modality : Medical Physics, 43(4) :1995–2004, Mar. 2016. ISSN 00942405

Spread-Out Bragg Peak (SOBP) 
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Backup slides for discussion
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Advantages of 8Li – alpha ranges comparable to the size of many types of cancer cells 

Breast cancer cells
SKBR-3 17
MCF-7 16

MDA-231 15.5
MDA-468 15

Colorectal cancer
COLO-320 12
SW-480 12

Prostate cancer
PC3-9 19

Lung cancers
SCLC 13

NSCLC 19

Short-lived RIB

15 µm

Delayed alpha emission – possible outcome:
- Increased energy deposition in irradiated tumor cells 
- Induced damage to additional surrounding cells (one or two layers) 

Average
cell diameter

[µm]LET equivalent to
- 8Li beam
- 2x 3.5 MeV alphas

Samuel Laurine

dEdE-E plastique, PMMA 0.3cm, 1e7 dE-E plastique, PMMA 0.3cm, 1e7
Histo : dE-E ⇥2, dE(small) as a function
of dE(big)

Histo : dE-E

dEdE-E Silicium 250µm et Plastique 3mm
, PMMA 0.3cm, 1e8 (wrong the 1st time
so we did it again)

dEdE-E Silicium 500µm et Plastique
3mm, PMMA 0.3cm, 1e8

Histo : dE-E ⇥2, dE(small) as a function
of dE(big)

Histo : dE-E ⇥2, dE(small) as a function
of dE(big)

dEdE-E Silicium 250µm et Plastique 3mm
, PMMA 0.3cm, 1e8 (only good with plas-
tic)

dE-E Silicium 250µm, PMMA 0.3cm, 1e8
(kinda bad looking damn it) (february
28th)

Histo : dE-E ⇥2, dE(small) as a function
of dE(big)

Histo : dE-E (à comparer avec la config
dEdEE Si-Plas)

dEdE-E Silicium 1mm et Plastique 3mm,
PMMA 0.3cm, 1e8
Histo : dE-E ⇥2, dE(small) as a function
of dE(big)
dEdE-E Plastique, He8, PMMA, 2.5e8
(nom : 4.dEdEHe8)

dEdE-E Plastique, Li7, PMMA, 2.5e8
(nom : 3.dEdELi7)

dEdE-E Plastique, Li8, C12 target
1.5mm, 2.5e8 (nom : 6.dEdELi8C12)

dEdE-E Plastique, Li8, H2O target 3mm,
2.5e8 (nom : 5.dEdELi8Water), (2 petits
ronds : en haut = Li8, en bas = alpha)
dEdE-E Plastique, Li8, H2O target 3mm,
2.5e8, Physiclist = INCL

dEdE-E Plastique, He8, H2O target 6cm,
2.5e8 (détection gamma dans CeBr)

dEdE-E Plastique, He4, H2O target 6cm,
2.5e8 (détection gamma dans CeBr)

dEdE-E Plastique, Li8, 3mm PMMA, 5°,
2.5e8

dEdE-E Plastique, Li8, 3mm PMMA, 0°,
2.5e8

If we observe a hit in the CeBr but not in the plastic it means that we probably have
neutral, meaning a gamma photon or a neutron. For those particles we’ll have to count
the number of neutrons detected in the CeBr, if their number is high it’s not that good. In
the same way, some particles can be detected by in delta-E detectors and not in the CeBr,
this is when the particles have low energies.

Left to do :

• count the number of particles with the true energy and the reconstructed energy in
root with : nameofthehisto!Integral()

• refaire 1 simu avec une autre physiclist X

• intégral sur les cuts

• check parentID trâınée moche X

• regarder pic gamma 981keV pour He8 X

LISE++ : Utilities, plots, range vs energy
SRIM : choose ion, target, change unit stopping power to MeV/mm
↵
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Histo : dE-E ⇥2, dE(small) as a function
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dEdE-E Silicium 250µm et Plastique 3mm
, PMMA 0.3cm, 1e8 (only good with plas-
tic)

dE-E Silicium 250µm, PMMA 0.3cm, 1e8
(kinda bad looking damn it) (february
28th)

Histo : dE-E ⇥2, dE(small) as a function
of dE(big)

Histo : dE-E (à comparer avec la config
dEdEE Si-Plas)

dEdE-E Silicium 1mm et Plastique 3mm,
PMMA 0.3cm, 1e8
Histo : dE-E ⇥2, dE(small) as a function
of dE(big)
dEdE-E Plastique, He8, PMMA, 2.5e8
(nom : 4.dEdEHe8)

dEdE-E Plastique, Li7, PMMA, 2.5e8
(nom : 3.dEdELi7)

dEdE-E Plastique, Li8, C12 target
1.5mm, 2.5e8 (nom : 6.dEdELi8C12)

dEdE-E Plastique, Li8, H2O target 3mm,
2.5e8 (nom : 5.dEdELi8Water), (2 petits
ronds : en haut = Li8, en bas = alpha)
dEdE-E Plastique, Li8, H2O target 3mm,
2.5e8, Physiclist = INCL

dEdE-E Plastique, He8, H2O target 6cm,
2.5e8 (détection gamma dans CeBr)

dEdE-E Plastique, He4, H2O target 6cm,
2.5e8 (détection gamma dans CeBr)

dEdE-E Plastique, Li8, 3mm PMMA, 5°,
2.5e8

dEdE-E Plastique, Li8, 3mm PMMA, 0°,
2.5e8

If we observe a hit in the CeBr but not in the plastic it means that we probably have
neutral, meaning a gamma photon or a neutron. For those particles we’ll have to count
the number of neutrons detected in the CeBr, if their number is high it’s not that good. In
the same way, some particles can be detected by in delta-E detectors and not in the CeBr,
this is when the particles have low energies.

Left to do :

• count the number of particles with the true energy and the reconstructed energy in
root with : nameofthehisto!Integral()

• refaire 1 simu avec une autre physiclist X

• intégral sur les cuts

• check parentID trâınée moche X

• regarder pic gamma 981keV pour He8 X

LISE++ : Utilities, plots, range vs energy
SRIM : choose ion, target, change unit stopping power to MeV/mm
↵
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Introduction 7

• Find lighter ions with dose deposition close to 12C and lower the costs 

• Renewed interest for RIB:
1. Dose monitoring with secondary particles 
2. Therapeutic, dose enhancement in Bragg Peak (BP)

Decay equations for 8He and 8Li: 

• dE-E Si

We can then modify the geometry using a rotation matrix that we’ll add in G4 detect.C
in order to have less noise in the background and not have the shape of the beam in the
�E-E graph. The rotation matrix will place the detector at a certain angle (here 5°) from
the axis of the beam.

6 Questions

• Why do we have the disintegration of radioactive beams in the bragg peak ?

• what is the Ganil experiment ?

• Theranostic

• Y a-t-il une dose importante déposée dans les tissus au niveau du plateau (avant le
bragg peak) ?

7 Other

Marie’s personal phone number :: 0632153902

Decay of Lithium 8:

8
3Li5 ! 8

4Be4 + e� + ⌫̄e ! 4
2He2 + 4

2He2 + e� + ⌫̄e

Decay of Helium 8:

8
2He6 ! 8

3Li5 + e� + ⌫̄e

Link for materials in geant4 :

http://hurel.hanyang.ac.kr/Geant4/Doxygen/10.03/html/d3/d04/_g4_nist_material_builder_8cc_source.html

8 To do list

To check before doing the simulation :

• Make sure that the target/world has the right size

• Check the material, the number and the position of the detector.s (in DetectorCon-
struction.cc)

• In G4 detect.C, make sure that you are going to create the right graphs and that you
are collecting all the information you need

• Make sure that you have the same information in rib.mac and vis.mac

• For the Si, we need to make the simulation for 0 and 5°

• Check the visualisation

9
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• dE-E Si

We can then modify the geometry using a rotation matrix that we’ll add in G4 detect.C
in order to have less noise in the background and not have the shape of the beam in the
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To check before doing the simulation :

• Make sure that the target/world has the right size

• Check the material, the number and the position of the detector.s (in DetectorCon-
struction.cc)

• In G4 detect.C, make sure that you are going to create the right graphs and that you
are collecting all the information you need

• Make sure that you have the same information in rib.mac and vis.mac

• For the Si, we need to make the simulation for 0 and 5°

• Check the visualisation
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• dE-E Si

We can then modify the geometry using a rotation matrix that we’ll add in G4 detect.C
in order to have less noise in the background and not have the shape of the beam in the
�E-E graph. The rotation matrix will place the detector at a certain angle (here 5°) from
the axis of the beam.

6 Questions

• Why do we have the disintegration of radioactive beams in the Bragg peak ?

• what is the Ganil experiment ?

• Theranostic

• Y a-t-il une dose importante déposée dans les tissus au niveau du plateau (avant le
bragg peak) ?

7 Other

Marie’s personal phone number :: 0632153902

Decay of Lithium 8:

8
3Li5 ! 8

4Be4 + e� + ⌫̄e ! ↵ + ↵ + e� + ⌫̄e

Decay of Helium 8:

8
2He6 ! 8

3Li5 + e� + ⌫̄e

Link for materials in geant4 :

http://hurel.hanyang.ac.kr/Geant4/Doxygen/10.03/html/d3/d04/_g4_nist_material_builder_8cc_source.html

8 To do list

To check before doing the simulation :

• Make sure that the target/world has the right size

• Check the material, the number and the position of the detector.s (in DetectorCon-
struction.cc)

• In G4 detect.C, make sure that you are going to create the right graphs and that you
are collecting all the information you need

• Make sure that you have the same information in rib.mac and vis.mac

• For the Si, we need to make the simulation for 0 and 5°

• Check the visualisation

9

*



Introduction 8

Main goals of the internship:
1. Comparison of the dose distribution for different ions
2. Determine the optimal setup for the experiment
3. Gamma distribution for dose monitoring

GANIL experiment in 2023:
• Measurement of dose distribution
• Secondary particles generated by 8Li with tissue equivalent material (PMMA)

Source: GANIL Website
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Material & Methods
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• configuration

CeBr3 scintillator

2nd plastic scintillator or Si 

(PMMA support + 1st plastic scintillator)?

• Plot                   energy loss/full energy 

• Plot                      energy loss/full energy, low energy particles

Material & Methods 10

Finally we’ve also changed the material of one of the �E detector from Plastic to
Silicon, which changes the resolution of the detector. What we’ve seen is that using Silicon
doesn’t change much to the signal we get in the end.

3.2 Bragg peak

We’re going to find the and compare the Bragg peaks for di↵erent ions in order to
compare their e↵ectiveness. We have two di↵erent ways to normalise the Bragg peak and
plot it. We can either normalise all of them to the entry dose in the source of normalise
with respect to the height of the Bragg peak. We are going to consider the first case so we
can compare the dose received in the di↵erent Bragg peaks. In the other case we would
have observe a sort of equivalent dose to be injected in the patient in order to have the
same e↵ects. We compared::

• The Bragg peaks for di↵erent ions (in the introduction we could talk about the choice
of those ions, why so many carbons? why not above?...).

• In a second time we’ve also been able to compare the Bragg peaks using two di↵er-
ent physic lists (BIC et INCL). We came to the conclusion that the two are quite
equivalent, plus, this also showed us that the peak at 981keV of the 8He decay is well
simulated by the 2 physic libraries.

• Finally we’ve also compared the Bragg peak in the case where we consider it over
a larger width. However to be precise we shouldn’t consider the entire width of the
peak where it stops but only a fraction of it. Indeed, irl, we have di↵usion processes
and therefore it is more useful in our case to use only a fraction of the width of the
final beam.

3.3 Gamma peaks

4 Conclusion

Silicium pas nécessaire
He8 mieux que Li8

5 New run

Plot the dE-dE for (5°) and the dE-E (for 0° and 5°).

�E � E

�E ��E

3

• dE-E Si

We can then modify the geometry using a rotation matrix that we’ll add in G4 detect.C
in order to have less noise in the background and not have the shape of the beam in the
�E-E graph. The rotation matrix will place the detector at a certain angle (here 5°) from
the axis of the beam.

6 Questions

• Why do we have the disintegration of radioactive beams in the bragg peak ?

• what is the Ganil experiment ?

• Theranostic

• Y a-t-il une dose importante déposée dans les tissus au niveau du plateau (avant le
bragg peak) ?

7 Other
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Link for materials in geant4 :

http://hurel.hanyang.ac.kr/Geant4/Doxygen/10.03/html/d3/d04/_g4_nist_material_builder_8cc_source.html

8 To do list

To check before doing the simulation :

• Make sure that the target/world has the right size

• Check the material, the number and the position of the detector.s (in DetectorCon-
struction.cc)

• In G4 detect.C, make sure that you are going to create the right graphs and that you
are collecting all the information you need

• Make sure that you have the same information in rib.mac and vis.mac

• For the Si, we need to make the simulation for 0 and 5°

• Check the visualisation
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Detectors

5) Conservation of flavour (not for weak force). The only special flavour is that of the
strange quark, called strangeness. Historically we have

S = �1 for a s quark and S = +1 for a s̄ antiquark

6) Conservation of isospin (not for weak nor EM)

�E � �E � E
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5) Conservation of flavour (not for weak force). The only special flavour is that of the
strange quark, called strangeness. Historically we have

S = �1 for a s quark and S = +1 for a s̄ antiquark

6) Conservation of isospin (not for weak nor EM)

�E � �E � E

8

• dE-E Si

We can then modify the geometry using a rotation matrix that we’ll add in G4 detect.C
in order to have less noise in the background and not have the shape of the beam in the
�E-E graph. The rotation matrix will place the detector at a certain angle (here 5°) from
the axis of the beam.

6 Questions

• Why do we have the disintegration of radioactive beams in the bragg peak ?

• what is the Ganil experiment ?

• Theranostic

• Y a-t-il une dose importante déposée dans les tissus au niveau du plateau (avant le
bragg peak) ?

7 Other

Marie’s personal phone number :: 0632153902

Decay of Lithium 8:

8
3Li5 ! 8

4Be4 + e� + ⌫̄e ! 4
2He2 + 4

2He2 + e� + ⌫̄e

Decay of Helium 8:

8
2He6 ! 8

3Li5 + e� + ⌫̄e

Link for materials in geant4 :

http://hurel.hanyang.ac.kr/Geant4/Doxygen/10.03/html/d3/d04/_g4_nist_material_builder_8cc_source.html

8 To do list

To check before doing the simulation :

• Make sure that the target/world has the right size

• Check the material, the number and the position of the detector.s (in DetectorCon-
struction.cc)

• In G4 detect.C, make sure that you are going to create the right graphs and that you
are collecting all the information you need

• Make sure that you have the same information in rib.mac and vis.mac

• For the Si, we need to make the simulation for 0 and 5°

• Check the visualisation
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1Subatomic::

1.1Specialrelativity

1.1.1Timedilatation

WedefineashipmovingatavelocityvwithrespecttotheEarth.Theship’sframeof
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c=
2d

�t0
,d=

c�t0
2

NowbyplacingourselvesinRwecanfind::

✓
c�t

2

◆2

=

✓
c�t0

2

◆2

+

✓
v�t

2

◆2

,(c�t0)
2

=(c�t)
2
�(v�t)

2
,�t0=�t

r
1�

v2

c2

Thepropertimeisalwayssmallerthanthetimethereferenceframeatrest.Thereal
lifetimeofparticlesintheirreferenceframeisthereforelongerthantheoneweobserve!
Wecanalsodefinethequantity�linkingbothtimesas::

�t=��t0)�=
1

q
1�

v2

c2

1.1.2Lengthcontraction

Wesupposethattheshiphastotraveladistancel0intheR.Thereforeitstraveltime
simplyis�t=l/v.HoweverinR0histraveltimeisdi↵erentandequaltowhatwefound
justbefore.InR0wehave::

l0=v�t

r
1�

v2

c2
,l0=l

r
1�

v2

c2

Weendupwiththeproperlengthtoalwaysbesmallerthanthelengthintheframeof
referenceatrest.

1.1.3SpecialLorentztransformation

Thistimewe’regoingtoconsiderasphericalwaveexpendingatthevelocitycinthe
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Material & Methods 11

Toolkit developed by CERN to create simulations for the 
passage of particles through matter:

• C++
• Uses different classes
• Monte Carlo

Changing the parameters:

• Physics 
• Detectors configuration

Geant4
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Results
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1

Water
6cm

8Li, 8He, 4He, 7Li, 12C

Comparing the BP of different ions:

• Not much statistics
• Good energy for same range:

- Lise++ for first approximation
- Simulate to increase precision 

8Li, 8He 12C, 4He, 1H

Water 
6cm

Dose distribution

Graph of the range of a 8Li beam in water 
as a function of its energy per nucleus



Results – Dose distribution 14
Results – Dose distribution

Depth (cm)
0 1 2 3 4 5 6

D
os

e

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8
Li8, E=80.0 MeV/u

C12, E=139.0 MeV/u

He4, E=74.8 MeV/u

He8, E=50.8 MeV/u

H1, E=75.5 MeV/u

15

Depth (cm)
0 1 2 3 4 5 6

D
os

e

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8
Li8, E=80.0 MeV/u

C12, E=139.0 MeV/u

He4, E=74.8 MeV/u

He8, E=50.8 MeV/u

H1, E=75.5 MeV/u

• 8Li close to 12C 
thanks to 2    decay

Decay products 
matter

Ion Dose in BP (Gy)
12C 1.700
8Li 1.375
8He 1.100
4He 0.850
1H 0.500

Dose deposited as a function of the depth (here in a water target)

Comparison of the BP for different ions:
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• dE-E Si

We can then modify the geometry using a rotation matrix that we’ll add in G4 detect.C
in order to have less noise in the background and not have the shape of the beam in the
�E-E graph. The rotation matrix will place the detector at a certain angle (here 5°) from
the axis of the beam.

6 Questions

• Why do we have the disintegration of radioactive beams in the Bragg peak ?

• what is the Ganil experiment ?

• Theranostic

• Y a-t-il une dose importante déposée dans les tissus au niveau du plateau (avant le
bragg peak) ?

7 Other

Marie’s personal phone number :: 0632153902

Decay of Lithium 8:

8
3Li5 ! 8

4Be4 + e� + ⌫̄e ! ↵ + ↵ + e� + ⌫̄e

Decay of Helium 8:

8
2He6 ! 8

3Li5 + e� + ⌫̄e

Link for materials in geant4 :

http://hurel.hanyang.ac.kr/Geant4/Doxygen/10.03/html/d3/d04/_g4_nist_material_builder_8cc_source.html

8 To do list

To check before doing the simulation :

• Make sure that the target/world has the right size

• Check the material, the number and the position of the detector.s (in DetectorCon-
struction.cc)

• In G4 detect.C, make sure that you are going to create the right graphs and that you
are collecting all the information you need

• Make sure that you have the same information in rib.mac and vis.mac

• For the Si, we need to make the simulation for 0 and 5°

• Check the visualisation
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• dE-E Si

We can then modify the geometry using a rotation matrix that we’ll add in G4 detect.C
in order to have less noise in the background and not have the shape of the beam in the
�E-E graph. The rotation matrix will place the detector at a certain angle (here 5°) from
the axis of the beam.
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• Why do we have the disintegration of radioactive beams in the bragg peak ?

• what is the Ganil experiment ?

• Theranostic

• Y a-t-il une dose importante déposée dans les tissus au niveau du plateau (avant le
bragg peak) ?
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Decay of Lithium 8:

8
3Li5 ! 8

4Be4 + e� + ⌫̄e ! 4
2He2 + 4

2He2 + e� + ⌫̄e

Decay of Helium 8:

8
2He6 ! 8

3Li5 + e� + ⌫̄e

Link for materials in geant4 :

http://hurel.hanyang.ac.kr/Geant4/Doxygen/10.03/html/d3/d04/_g4_nist_material_builder_8cc_source.html

8 To do list

To check before doing the simulation :

• Make sure that the target/world has the right size

• Check the material, the number and the position of the detector.s (in DetectorCon-
struction.cc)

• In G4 detect.C, make sure that you are going to create the right graphs and that you
are collecting all the information you need

• Make sure that you have the same information in rib.mac and vis.mac

• For the Si, we need to make the simulation for 0 and 5°

• Check the visualisation
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First configuration at 0°

Problem: most 
detected particles come 

from the beam

Solution: place two 
detectors at 5° from 
the normal of the 

surface of the target
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Comparison between 0° and 5° configurations:

Finally we’ve also changed the material of one of the �E detector from Plastic to
Silicon, which changes the resolution of the detector. What we’ve seen is that using Silicon
doesn’t change much to the signal we get in the end.

3.2 Bragg peak

We’re going to find the and compare the Bragg peaks for di↵erent ions in order to
compare their e↵ectiveness. We have two di↵erent ways to normalise the Bragg peak and
plot it. We can either normalise all of them to the entry dose in the source of normalise
with respect to the height of the Bragg peak. We are going to consider the first case so we
can compare the dose received in the di↵erent Bragg peaks. In the other case we would
have observe a sort of equivalent dose to be injected in the patient in order to have the
same e↵ects. We compared::

• The Bragg peaks for di↵erent ions (in the introduction we could talk about the choice
of those ions, why so many carbons? why not above?...).

• In a second time we’ve also been able to compare the Bragg peaks using two di↵er-
ent physic lists (BIC et INCL). We came to the conclusion that the two are quite
equivalent, plus, this also showed us that the peak at 981keV of the 8He decay is well
simulated by the 2 physic libraries.

• Finally we’ve also compared the Bragg peak in the case where we consider it over
a larger width. However to be precise we shouldn’t consider the entire width of the
peak where it stops but only a fraction of it. Indeed, irl, we have di↵usion processes
and therefore it is more useful in our case to use only a fraction of the width of the
final beam.

3.3 Gamma peaks

4 Conclusion

Silicium pas nécessaire
He8 mieux que Li8

5 New run

Plot the dE-dE for (5°) and the dE-E (for 0° and 5°).

�E � E

�E ��E

3

between plastic and CeBr
in the 0° configuration

Finally we’ve also changed the material of one of the �E detector from Plastic to
Silicon, which changes the resolution of the detector. What we’ve seen is that using Silicon
doesn’t change much to the signal we get in the end.

3.2 Bragg peak

We’re going to find the and compare the Bragg peaks for di↵erent ions in order to
compare their e↵ectiveness. We have two di↵erent ways to normalise the Bragg peak and
plot it. We can either normalise all of them to the entry dose in the source of normalise
with respect to the height of the Bragg peak. We are going to consider the first case so we
can compare the dose received in the di↵erent Bragg peaks. In the other case we would
have observe a sort of equivalent dose to be injected in the patient in order to have the
same e↵ects. We compared::

• The Bragg peaks for di↵erent ions (in the introduction we could talk about the choice
of those ions, why so many carbons? why not above?...).

• In a second time we’ve also been able to compare the Bragg peaks using two di↵er-
ent physic lists (BIC et INCL). We came to the conclusion that the two are quite
equivalent, plus, this also showed us that the peak at 981keV of the 8He decay is well
simulated by the 2 physic libraries.

• Finally we’ve also compared the Bragg peak in the case where we consider it over
a larger width. However to be precise we shouldn’t consider the entire width of the
peak where it stops but only a fraction of it. Indeed, irl, we have di↵usion processes
and therefore it is more useful in our case to use only a fraction of the width of the
final beam.

3.3 Gamma peaks

4 Conclusion

Silicium pas nécessaire
He8 mieux que Li8

5 New run

Plot the dE-dE for (5°) and the dE-E (for 0° and 5°).
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Identification of particles:

Fig.??? 
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Comparison between 0° and 5° configurations:

Finally we’ve also changed the material of one of the �E detector from Plastic to
Silicon, which changes the resolution of the detector. What we’ve seen is that using Silicon
doesn’t change much to the signal we get in the end.

3.2 Bragg peak

We’re going to find the and compare the Bragg peaks for di↵erent ions in order to
compare their e↵ectiveness. We have two di↵erent ways to normalise the Bragg peak and
plot it. We can either normalise all of them to the entry dose in the source of normalise
with respect to the height of the Bragg peak. We are going to consider the first case so we
can compare the dose received in the di↵erent Bragg peaks. In the other case we would
have observe a sort of equivalent dose to be injected in the patient in order to have the
same e↵ects. We compared::

• The Bragg peaks for di↵erent ions (in the introduction we could talk about the choice
of those ions, why so many carbons? why not above?...).

• In a second time we’ve also been able to compare the Bragg peaks using two di↵er-
ent physic lists (BIC et INCL). We came to the conclusion that the two are quite
equivalent, plus, this also showed us that the peak at 981keV of the 8He decay is well
simulated by the 2 physic libraries.

• Finally we’ve also compared the Bragg peak in the case where we consider it over
a larger width. However to be precise we shouldn’t consider the entire width of the
peak where it stops but only a fraction of it. Indeed, irl, we have di↵usion processes
and therefore it is more useful in our case to use only a fraction of the width of the
final beam.

3.3 Gamma peaks

4 Conclusion

Silicium pas nécessaire
He8 mieux que Li8

5 New run

Plot the dE-dE for (5°) and the dE-E (for 0° and 5°).
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in the 0° configuration

Finally we’ve also changed the material of one of the �E detector from Plastic to
Silicon, which changes the resolution of the detector. What we’ve seen is that using Silicon
doesn’t change much to the signal we get in the end.

3.2 Bragg peak

We’re going to find the and compare the Bragg peaks for di↵erent ions in order to
compare their e↵ectiveness. We have two di↵erent ways to normalise the Bragg peak and
plot it. We can either normalise all of them to the entry dose in the source of normalise
with respect to the height of the Bragg peak. We are going to consider the first case so we
can compare the dose received in the di↵erent Bragg peaks. In the other case we would
have observe a sort of equivalent dose to be injected in the patient in order to have the
same e↵ects. We compared::

• The Bragg peaks for di↵erent ions (in the introduction we could talk about the choice
of those ions, why so many carbons? why not above?...).

• In a second time we’ve also been able to compare the Bragg peaks using two di↵er-
ent physic lists (BIC et INCL). We came to the conclusion that the two are quite
equivalent, plus, this also showed us that the peak at 981keV of the 8He decay is well
simulated by the 2 physic libraries.

• Finally we’ve also compared the Bragg peak in the case where we consider it over
a larger width. However to be precise we shouldn’t consider the entire width of the
peak where it stops but only a fraction of it. Indeed, irl, we have di↵usion processes
and therefore it is more useful in our case to use only a fraction of the width of the
final beam.

3.3 Gamma peaks

4 Conclusion

Silicium pas nécessaire
He8 mieux que Li8

5 New run

Plot the dE-dE for (5°) and the dE-E (for 0° and 5°).
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• One “banana” one kind of particle

• dE-E Si

We can then modify the geometry using a rotation matrix that we’ll add in G4 detect.C
in order to have less noise in the background and not have the shape of the beam in the
�E-E graph. The rotation matrix will place the detector at a certain angle (here 5°) from
the axis of the beam.

6 Questions

• Why do we have the disintegration of radioactive beams in the bragg peak ?

• what is the Ganil experiment ?

• Theranostic

• Y a-t-il une dose importante déposée dans les tissus au niveau du plateau (avant le
bragg peak) ?

7 Other

Marie’s personal phone number :: 0632153902

Decay of Lithium 8:

8
3Li5 ! 8

4Be4 + e� + ⌫̄e ! 4
2He2 + 4

2He2 + e� + ⌫̄e

Decay of Helium 8:

8
2He6 ! 8

3Li5 + e� + ⌫̄e

Link for materials in geant4 :

http://hurel.hanyang.ac.kr/Geant4/Doxygen/10.03/html/d3/d04/_g4_nist_material_builder_8cc_source.html

8 To do list

To check before doing the simulation :

• Make sure that the target/world has the right size

• Check the material, the number and the position of the detector.s (in DetectorCon-
struction.cc)

• In G4 detect.C, make sure that you are going to create the right graphs and that you
are collecting all the information you need

• Make sure that you have the same information in rib.mac and vis.mac

• For the Si, we need to make the simulation for 0 and 5°

• Check the visualisation
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Comparison between 0° and 5° configurations:

Finally we’ve also changed the material of one of the �E detector from Plastic to
Silicon, which changes the resolution of the detector. What we’ve seen is that using Silicon
doesn’t change much to the signal we get in the end.

3.2 Bragg peak

We’re going to find the and compare the Bragg peaks for di↵erent ions in order to
compare their e↵ectiveness. We have two di↵erent ways to normalise the Bragg peak and
plot it. We can either normalise all of them to the entry dose in the source of normalise
with respect to the height of the Bragg peak. We are going to consider the first case so we
can compare the dose received in the di↵erent Bragg peaks. In the other case we would
have observe a sort of equivalent dose to be injected in the patient in order to have the
same e↵ects. We compared::

• The Bragg peaks for di↵erent ions (in the introduction we could talk about the choice
of those ions, why so many carbons? why not above?...).

• In a second time we’ve also been able to compare the Bragg peaks using two di↵er-
ent physic lists (BIC et INCL). We came to the conclusion that the two are quite
equivalent, plus, this also showed us that the peak at 981keV of the 8He decay is well
simulated by the 2 physic libraries.

• Finally we’ve also compared the Bragg peak in the case where we consider it over
a larger width. However to be precise we shouldn’t consider the entire width of the
peak where it stops but only a fraction of it. Indeed, irl, we have di↵usion processes
and therefore it is more useful in our case to use only a fraction of the width of the
final beam.

3.3 Gamma peaks

4 Conclusion

Silicium pas nécessaire
He8 mieux que Li8

5 New run

Plot the dE-dE for (5°) and the dE-E (for 0° and 5°).
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in the 0° configuration

Finally we’ve also changed the material of one of the �E detector from Plastic to
Silicon, which changes the resolution of the detector. What we’ve seen is that using Silicon
doesn’t change much to the signal we get in the end.

3.2 Bragg peak

We’re going to find the and compare the Bragg peaks for di↵erent ions in order to
compare their e↵ectiveness. We have two di↵erent ways to normalise the Bragg peak and
plot it. We can either normalise all of them to the entry dose in the source of normalise
with respect to the height of the Bragg peak. We are going to consider the first case so we
can compare the dose received in the di↵erent Bragg peaks. In the other case we would
have observe a sort of equivalent dose to be injected in the patient in order to have the
same e↵ects. We compared::

• The Bragg peaks for di↵erent ions (in the introduction we could talk about the choice
of those ions, why so many carbons? why not above?...).

• In a second time we’ve also been able to compare the Bragg peaks using two di↵er-
ent physic lists (BIC et INCL). We came to the conclusion that the two are quite
equivalent, plus, this also showed us that the peak at 981keV of the 8He decay is well
simulated by the 2 physic libraries.

• Finally we’ve also compared the Bragg peak in the case where we consider it over
a larger width. However to be precise we shouldn’t consider the entire width of the
peak where it stops but only a fraction of it. Indeed, irl, we have di↵usion processes
and therefore it is more useful in our case to use only a fraction of the width of the
final beam.

3.3 Gamma peaks

4 Conclusion

Silicium pas nécessaire
He8 mieux que Li8

5 New run

Plot the dE-dE for (5°) and the dE-E (for 0° and 5°).
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Comparison between 0° and 5° configurations:

Finally we’ve also changed the material of one of the �E detector from Plastic to
Silicon, which changes the resolution of the detector. What we’ve seen is that using Silicon
doesn’t change much to the signal we get in the end.

3.2 Bragg peak

We’re going to find the and compare the Bragg peaks for di↵erent ions in order to
compare their e↵ectiveness. We have two di↵erent ways to normalise the Bragg peak and
plot it. We can either normalise all of them to the entry dose in the source of normalise
with respect to the height of the Bragg peak. We are going to consider the first case so we
can compare the dose received in the di↵erent Bragg peaks. In the other case we would
have observe a sort of equivalent dose to be injected in the patient in order to have the
same e↵ects. We compared::

• The Bragg peaks for di↵erent ions (in the introduction we could talk about the choice
of those ions, why so many carbons? why not above?...).

• In a second time we’ve also been able to compare the Bragg peaks using two di↵er-
ent physic lists (BIC et INCL). We came to the conclusion that the two are quite
equivalent, plus, this also showed us that the peak at 981keV of the 8He decay is well
simulated by the 2 physic libraries.

• Finally we’ve also compared the Bragg peak in the case where we consider it over
a larger width. However to be precise we shouldn’t consider the entire width of the
peak where it stops but only a fraction of it. Indeed, irl, we have di↵usion processes
and therefore it is more useful in our case to use only a fraction of the width of the
final beam.

3.3 Gamma peaks

4 Conclusion

Silicium pas nécessaire
He8 mieux que Li8

5 New run

Plot the dE-dE for (5°) and the dE-E (for 0° and 5°).
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in the 0° configuration

Finally we’ve also changed the material of one of the �E detector from Plastic to
Silicon, which changes the resolution of the detector. What we’ve seen is that using Silicon
doesn’t change much to the signal we get in the end.

3.2 Bragg peak

We’re going to find the and compare the Bragg peaks for di↵erent ions in order to
compare their e↵ectiveness. We have two di↵erent ways to normalise the Bragg peak and
plot it. We can either normalise all of them to the entry dose in the source of normalise
with respect to the height of the Bragg peak. We are going to consider the first case so we
can compare the dose received in the di↵erent Bragg peaks. In the other case we would
have observe a sort of equivalent dose to be injected in the patient in order to have the
same e↵ects. We compared::

• The Bragg peaks for di↵erent ions (in the introduction we could talk about the choice
of those ions, why so many carbons? why not above?...).

• In a second time we’ve also been able to compare the Bragg peaks using two di↵er-
ent physic lists (BIC et INCL). We came to the conclusion that the two are quite
equivalent, plus, this also showed us that the peak at 981keV of the 8He decay is well
simulated by the 2 physic libraries.

• Finally we’ve also compared the Bragg peak in the case where we consider it over
a larger width. However to be precise we shouldn’t consider the entire width of the
peak where it stops but only a fraction of it. Indeed, irl, we have di↵usion processes
and therefore it is more useful in our case to use only a fraction of the width of the
final beam.

3.3 Gamma peaks

4 Conclusion

Silicium pas nécessaire
He8 mieux que Li8

5 New run

Plot the dE-dE for (5°) and the dE-E (for 0° and 5°).
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Identification of the populations:

6Li, 7Li, 8Li (beam)

3He, 4He, 6He, triple

1H, 2H, 3H

• dE-E Si

We can then modify the geometry using a rotation matrix that we’ll add in G4 detect.C
in order to have less noise in the background and not have the shape of the beam in the
�E-E graph. The rotation matrix will place the detector at a certain angle (here 5°) from
the axis of the beam.

6 Questions

• Why do we have the disintegration of radioactive beams in the Bragg peak ?

• what is the Ganil experiment ?

• Theranostic

• Y a-t-il une dose importante déposée dans les tissus au niveau du plateau (avant le
bragg peak) ?

7 Other

Marie’s personal phone number :: 0632153902

Decay of Lithium 8:

8
3Li5 ! 8

4Be4 + e� + ⌫̄e ! ↵ + ↵ + e� + ⌫̄e

Decay of Helium 8:

8
2He6 ! 8

3Li5 + e� + ⌫̄e

Link for materials in geant4 :

http://hurel.hanyang.ac.kr/Geant4/Doxygen/10.03/html/d3/d04/_g4_nist_material_builder_8cc_source.html

8 To do list

To check before doing the simulation :

• Make sure that the target/world has the right size

• Check the material, the number and the position of the detector.s (in DetectorCon-
struction.cc)

• In G4 detect.C, make sure that you are going to create the right graphs and that you
are collecting all the information you need

• Make sure that you have the same information in rib.mac and vis.mac

• For the Si, we need to make the simulation for 0 and 5°

• Check the visualisation

9
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We can then modify the geometry using a rotation matrix that we’ll add in G4 detect.C
in order to have less noise in the background and not have the shape of the beam in the
�E-E graph. The rotation matrix will place the detector at a certain angle (here 5°) from
the axis of the beam.

6 Questions

• Why do we have the disintegration of radioactive beams in the bragg peak ?

• what is the Ganil experiment ?

• Theranostic

• Y a-t-il une dose importante déposée dans les tissus au niveau du plateau (avant le
bragg peak) ?

7 Other

Marie’s personal phone number :: 0632153902

Decay of Lithium 8:

8
3Li5 ! 8

4Be4 + e� + ⌫̄e ! 4
2He2 + 4

2He2 + e� + ⌫̄e

Decay of Helium 8:

8
2He6 ! 8

3Li5 + e� + ⌫̄e

Link for materials in geant4 :

http://hurel.hanyang.ac.kr/Geant4/Doxygen/10.03/html/d3/d04/_g4_nist_material_builder_8cc_source.html

8 To do list

To check before doing the simulation :

• Make sure that the target/world has the right size

• Check the material, the number and the position of the detector.s (in DetectorCon-
struction.cc)

• In G4 detect.C, make sure that you are going to create the right graphs and that you
are collecting all the information you need

• Make sure that you have the same information in rib.mac and vis.mac

• For the Si, we need to make the simulation for 0 and 5°

• Check the visualisation

9
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• Particles with low energies are
stopped

• Particles with high energies go
through both small detectors
(back bend point)
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Relevance of using two telescopes:

Finally we’ve also changed the material of one of the �E detector from Plastic to
Silicon, which changes the resolution of the detector. What we’ve seen is that using Silicon
doesn’t change much to the signal we get in the end.

3.2 Bragg peak

We’re going to find the and compare the Bragg peaks for di↵erent ions in order to
compare their e↵ectiveness. We have two di↵erent ways to normalise the Bragg peak and
plot it. We can either normalise all of them to the entry dose in the source of normalise
with respect to the height of the Bragg peak. We are going to consider the first case so we
can compare the dose received in the di↵erent Bragg peaks. In the other case we would
have observe a sort of equivalent dose to be injected in the patient in order to have the
same e↵ects. We compared::

• The Bragg peaks for di↵erent ions (in the introduction we could talk about the choice
of those ions, why so many carbons? why not above?...).

• In a second time we’ve also been able to compare the Bragg peaks using two di↵er-
ent physic lists (BIC et INCL). We came to the conclusion that the two are quite
equivalent, plus, this also showed us that the peak at 981keV of the 8He decay is well
simulated by the 2 physic libraries.

• Finally we’ve also compared the Bragg peak in the case where we consider it over
a larger width. However to be precise we shouldn’t consider the entire width of the
peak where it stops but only a fraction of it. Indeed, irl, we have di↵usion processes
and therefore it is more useful in our case to use only a fraction of the width of the
final beam.

3.3 Gamma peaks

4 Conclusion

Silicium pas nécessaire
He8 mieux que Li8

5 New run

Plot the dE-dE for (5°) and the dE-E (for 0° and 5°).
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Higher resolution has no significant effect 

Finally we’ve also changed the material of one of the �E detector from Plastic to
Silicon, which changes the resolution of the detector. What we’ve seen is that using Silicon
doesn’t change much to the signal we get in the end.

3.2 Bragg peak

We’re going to find the and compare the Bragg peaks for di↵erent ions in order to
compare their e↵ectiveness. We have two di↵erent ways to normalise the Bragg peak and
plot it. We can either normalise all of them to the entry dose in the source of normalise
with respect to the height of the Bragg peak. We are going to consider the first case so we
can compare the dose received in the di↵erent Bragg peaks. In the other case we would
have observe a sort of equivalent dose to be injected in the patient in order to have the
same e↵ects. We compared::

• The Bragg peaks for di↵erent ions (in the introduction we could talk about the choice
of those ions, why so many carbons? why not above?...).

• In a second time we’ve also been able to compare the Bragg peaks using two di↵er-
ent physic lists (BIC et INCL). We came to the conclusion that the two are quite
equivalent, plus, this also showed us that the peak at 981keV of the 8He decay is well
simulated by the 2 physic libraries.

• Finally we’ve also compared the Bragg peak in the case where we consider it over
a larger width. However to be precise we shouldn’t consider the entire width of the
peak where it stops but only a fraction of it. Indeed, irl, we have di↵usion processes
and therefore it is more useful in our case to use only a fraction of the width of the
final beam.

3.3 Gamma peaks

4 Conclusion

Silicium pas nécessaire
He8 mieux que Li8

5 New run

Plot the dE-dE for (5°) and the dE-E (for 0° and 5°).
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between CeBr and plastic

Finally we’ve also changed the material of one of the �E detector from Plastic to
Silicon, which changes the resolution of the detector. What we’ve seen is that using Silicon
doesn’t change much to the signal we get in the end.

3.2 Bragg peak

We’re going to find the and compare the Bragg peaks for di↵erent ions in order to
compare their e↵ectiveness. We have two di↵erent ways to normalise the Bragg peak and
plot it. We can either normalise all of them to the entry dose in the source of normalise
with respect to the height of the Bragg peak. We are going to consider the first case so we
can compare the dose received in the di↵erent Bragg peaks. In the other case we would
have observe a sort of equivalent dose to be injected in the patient in order to have the
same e↵ects. We compared::

• The Bragg peaks for di↵erent ions (in the introduction we could talk about the choice
of those ions, why so many carbons? why not above?...).

• In a second time we’ve also been able to compare the Bragg peaks using two di↵er-
ent physic lists (BIC et INCL). We came to the conclusion that the two are quite
equivalent, plus, this also showed us that the peak at 981keV of the 8He decay is well
simulated by the 2 physic libraries.

• Finally we’ve also compared the Bragg peak in the case where we consider it over
a larger width. However to be precise we shouldn’t consider the entire width of the
peak where it stops but only a fraction of it. Indeed, irl, we have di↵usion processes
and therefore it is more useful in our case to use only a fraction of the width of the
final beam.

3.3 Gamma peaks

4 Conclusion

Silicium pas nécessaire
He8 mieux que Li8

5 New run

Plot the dE-dE for (5°) and the dE-E (for 0° and 5°).
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Problem: lot of noise
difficult to identify

Are these particles 
intrinsic to the 8Li decay?

• Check the type of particle
• Test with other beams

These are    particles

Results – Configuration 19
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• The nature and resolution of the       detectors don’t seem to matter much

Finally we’ve also changed the material of one of the �E detector from Plastic to
Silicon, which changes the resolution of the detector. What we’ve seen is that using Silicon
doesn’t change much to the signal we get in the end.

3.2 Bragg peak

We’re going to find the and compare the Bragg peaks for di↵erent ions in order to
compare their e↵ectiveness. We have two di↵erent ways to normalise the Bragg peak and
plot it. We can either normalise all of them to the entry dose in the source of normalise
with respect to the height of the Bragg peak. We are going to consider the first case so we
can compare the dose received in the di↵erent Bragg peaks. In the other case we would
have observe a sort of equivalent dose to be injected in the patient in order to have the
same e↵ects. We compared::

• The Bragg peaks for di↵erent ions (in the introduction we could talk about the choice
of those ions, why so many carbons? why not above?...).

• In a second time we’ve also been able to compare the Bragg peaks using two di↵er-
ent physic lists (BIC et INCL). We came to the conclusion that the two are quite
equivalent, plus, this also showed us that the peak at 981keV of the 8He decay is well
simulated by the 2 physic libraries.

• Finally we’ve also compared the Bragg peak in the case where we consider it over
a larger width. However to be precise we shouldn’t consider the entire width of the
peak where it stops but only a fraction of it. Indeed, irl, we have di↵usion processes
and therefore it is more useful in our case to use only a fraction of the width of the
final beam.

3.3 Gamma peaks

4 Conclusion

Silicium pas nécessaire
He8 mieux que Li8

5 New run

Plot the dE-dE for (5°) and the dE-E (for 0° and 5°).
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Finally we’ve also changed the material of one of the �E detector from Plastic to
Silicon, which changes the resolution of the detector. What we’ve seen is that using Silicon
doesn’t change much to the signal we get in the end.

3.2 Bragg peak

We’re going to find the and compare the Bragg peaks for di↵erent ions in order to
compare their e↵ectiveness. We have two di↵erent ways to normalise the Bragg peak and
plot it. We can either normalise all of them to the entry dose in the source of normalise
with respect to the height of the Bragg peak. We are going to consider the first case so we
can compare the dose received in the di↵erent Bragg peaks. In the other case we would
have observe a sort of equivalent dose to be injected in the patient in order to have the
same e↵ects. We compared::

• The Bragg peaks for di↵erent ions (in the introduction we could talk about the choice
of those ions, why so many carbons? why not above?...).

• In a second time we’ve also been able to compare the Bragg peaks using two di↵er-
ent physic lists (BIC et INCL). We came to the conclusion that the two are quite
equivalent, plus, this also showed us that the peak at 981keV of the 8He decay is well
simulated by the 2 physic libraries.

• Finally we’ve also compared the Bragg peak in the case where we consider it over
a larger width. However to be precise we shouldn’t consider the entire width of the
peak where it stops but only a fraction of it. Indeed, irl, we have di↵usion processes
and therefore it is more useful in our case to use only a fraction of the width of the
final beam.

3.3 Gamma peaks

4 Conclusion

Silicium pas nécessaire
He8 mieux que Li8

5 New run

Plot the dE-dE for (5°) and the dE-E (for 0° and 5°).
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Finally we’ve also changed the material of one of the �E detector from Plastic to
Silicon, which changes the resolution of the detector. What we’ve seen is that using Silicon
doesn’t change much to the signal we get in the end.

3.2 Bragg peak

We’re going to find the and compare the Bragg peaks for di↵erent ions in order to
compare their e↵ectiveness. We have two di↵erent ways to normalise the Bragg peak and
plot it. We can either normalise all of them to the entry dose in the source of normalise
with respect to the height of the Bragg peak. We are going to consider the first case so we
can compare the dose received in the di↵erent Bragg peaks. In the other case we would
have observe a sort of equivalent dose to be injected in the patient in order to have the
same e↵ects. We compared::

• The Bragg peaks for di↵erent ions (in the introduction we could talk about the choice
of those ions, why so many carbons? why not above?...).

• In a second time we’ve also been able to compare the Bragg peaks using two di↵er-
ent physic lists (BIC et INCL). We came to the conclusion that the two are quite
equivalent, plus, this also showed us that the peak at 981keV of the 8He decay is well
simulated by the 2 physic libraries.

• Finally we’ve also compared the Bragg peak in the case where we consider it over
a larger width. However to be precise we shouldn’t consider the entire width of the
peak where it stops but only a fraction of it. Indeed, irl, we have di↵usion processes
and therefore it is more useful in our case to use only a fraction of the width of the
final beam.

3.3 Gamma peaks

4 Conclusion

Silicium pas nécessaire
He8 mieux que Li8

5 New run

Plot the dE-dE for (5°) and the dE-E (for 0° and 5°).
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Relevance of using higher resolution silicon telescopes:

• dE-E Si

We can then modify the geometry using a rotation matrix that we’ll add in G4 detect.C
in order to have less noise in the background and not have the shape of the beam in the
�E-E graph. The rotation matrix will place the detector at a certain angle (here 5°) from
the axis of the beam.

6 Questions

• Why do we have the disintegration of radioactive beams in the bragg peak ?

• what is the Ganil experiment ?

• Theranostic

• Y a-t-il une dose importante déposée dans les tissus au niveau du plateau (avant le
bragg peak) ?

7 Other

Marie’s personal phone number :: 0632153902

Decay of Lithium 8:

8
3Li5 ! 8

4Be4 + e� + ⌫̄e ! 4
2He2 + 4

2He2 + e� + ⌫̄e

Decay of Helium 8:

8
2He6 ! 8

3Li5 + e� + ⌫̄e

Link for materials in geant4 :

http://hurel.hanyang.ac.kr/Geant4/Doxygen/10.03/html/d3/d04/_g4_nist_material_builder_8cc_source.html

8 To do list

To check before doing the simulation :

• Make sure that the target/world has the right size

• Check the material, the number and the position of the detector.s (in DetectorCon-
struction.cc)

• In G4 detect.C, make sure that you are going to create the right graphs and that you
are collecting all the information you need

• Make sure that you have the same information in rib.mac and vis.mac

• For the Si, we need to make the simulation for 0 and 5°

• Check the visualisation

9

• dE-E Si

We can then modify the geometry using a rotation matrix that we’ll add in G4 detect.C
in order to have less noise in the background and not have the shape of the beam in the
�E-E graph. The rotation matrix will place the detector at a certain angle (here 5°) from
the axis of the beam.

6 Questions

• Why do we have the disintegration of radioactive beams in the Bragg peak ?

• what is the Ganil experiment ?

• Theranostic

• Y a-t-il une dose importante déposée dans les tissus au niveau du plateau (avant le
bragg peak) ?

7 Other

Marie’s personal phone number :: 0632153902

Decay of Lithium 8:

8
3Li5 ! 8

4Be4 + e� + ⌫̄e ! ↵ + ↵ + e� + ⌫̄e

Decay of Helium 8:

8
2He6 ! 8

3Li5 + e� + ⌫̄e

Link for materials in geant4 :

http://hurel.hanyang.ac.kr/Geant4/Doxygen/10.03/html/d3/d04/_g4_nist_material_builder_8cc_source.html

8 To do list

To check before doing the simulation :

• Make sure that the target/world has the right size

• Check the material, the number and the position of the detector.s (in DetectorCon-
struction.cc)

• In G4 detect.C, make sure that you are going to create the right graphs and that you
are collecting all the information you need

• Make sure that you have the same information in rib.mac and vis.mac

• For the Si, we need to make the simulation for 0 and 5°

• Check the visualisation

9
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Results – Configuration 20

Finally we’ve also changed the material of one of the �E detector from Plastic to
Silicon, which changes the resolution of the detector. What we’ve seen is that using Silicon
doesn’t change much to the signal we get in the end.

3.2 Bragg peak

We’re going to find the and compare the Bragg peaks for di↵erent ions in order to
compare their e↵ectiveness. We have two di↵erent ways to normalise the Bragg peak and
plot it. We can either normalise all of them to the entry dose in the source of normalise
with respect to the height of the Bragg peak. We are going to consider the first case so we
can compare the dose received in the di↵erent Bragg peaks. In the other case we would
have observe a sort of equivalent dose to be injected in the patient in order to have the
same e↵ects. We compared::

• The Bragg peaks for di↵erent ions (in the introduction we could talk about the choice
of those ions, why so many carbons? why not above?...).

• In a second time we’ve also been able to compare the Bragg peaks using two di↵er-
ent physic lists (BIC et INCL). We came to the conclusion that the two are quite
equivalent, plus, this also showed us that the peak at 981keV of the 8He decay is well
simulated by the 2 physic libraries.

• Finally we’ve also compared the Bragg peak in the case where we consider it over
a larger width. However to be precise we shouldn’t consider the entire width of the
peak where it stops but only a fraction of it. Indeed, irl, we have di↵usion processes
and therefore it is more useful in our case to use only a fraction of the width of the
final beam.

3.3 Gamma peaks

4 Conclusion

Silicium pas nécessaire
He8 mieux que Li8

5 New run

Plot the dE-dE for (5°) and the dE-E (for 0° and 5°).
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between plastic and CeBr
using a 7Li beam

Finally we’ve also changed the material of one of the �E detector from Plastic to
Silicon, which changes the resolution of the detector. What we’ve seen is that using Silicon
doesn’t change much to the signal we get in the end.

3.2 Bragg peak

We’re going to find the and compare the Bragg peaks for di↵erent ions in order to
compare their e↵ectiveness. We have two di↵erent ways to normalise the Bragg peak and
plot it. We can either normalise all of them to the entry dose in the source of normalise
with respect to the height of the Bragg peak. We are going to consider the first case so we
can compare the dose received in the di↵erent Bragg peaks. In the other case we would
have observe a sort of equivalent dose to be injected in the patient in order to have the
same e↵ects. We compared::

• The Bragg peaks for di↵erent ions (in the introduction we could talk about the choice
of those ions, why so many carbons? why not above?...).

• In a second time we’ve also been able to compare the Bragg peaks using two di↵er-
ent physic lists (BIC et INCL). We came to the conclusion that the two are quite
equivalent, plus, this also showed us that the peak at 981keV of the 8He decay is well
simulated by the 2 physic libraries.

• Finally we’ve also compared the Bragg peak in the case where we consider it over
a larger width. However to be precise we shouldn’t consider the entire width of the
peak where it stops but only a fraction of it. Indeed, irl, we have di↵usion processes
and therefore it is more useful in our case to use only a fraction of the width of the
final beam.

3.3 Gamma peaks

4 Conclusion

Silicium pas nécessaire
He8 mieux que Li8

5 New run

Plot the dE-dE for (5°) and the dE-E (for 0° and 5°).
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• Population only 
for 7Li not for 8He

lithium reaction

5) Conservation of flavour (not for weak force). The only special flavour is that of the
strange quark, called strangeness. Historically we have

S = �1 for a s quark and S = +1 for a s̄ antiquark

6) Conservation of isospin (not for weak nor EM)

7Li + p ! 2↵

8

Tests with other beams:
2 2
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Gamma emitted for four different incident ions, left in decimal scale and right in log scale

Gamma distribution

• Decay of 8He       981keV 

• dE-E Si

We can then modify the geometry using a rotation matrix that we’ll add in G4 detect.C
in order to have less noise in the background and not have the shape of the beam in the
�E-E graph. The rotation matrix will place the detector at a certain angle (here 5°) from
the axis of the beam.

6 Questions

• Why do we have the disintegration of radioactive beams in the bragg peak ?

• what is the Ganil experiment ?

• Theranostic

• Y a-t-il une dose importante déposée dans les tissus au niveau du plateau (avant le
bragg peak) ?

7 Other

Marie’s personal phone number :: 0632153902

Decay of Lithium 8:

8
3Li5 ! 8

4Be4 + e� + ⌫̄e ! 4
2He2 + 4

2He2 + e� + ⌫̄e

Decay of Helium 8:

8
2He6 ! 8

3Li5 + e� + ⌫̄e

Link for materials in geant4 :

http://hurel.hanyang.ac.kr/Geant4/Doxygen/10.03/html/d3/d04/_g4_nist_material_builder_8cc_source.html

8 To do list

To check before doing the simulation :

• Make sure that the target/world has the right size

• Check the material, the number and the position of the detector.s (in DetectorCon-
struction.cc)

• In G4 detect.C, make sure that you are going to create the right graphs and that you
are collecting all the information you need

• Make sure that you have the same information in rib.mac and vis.mac

• For the Si, we need to make the simulation for 0 and 5°

• Check the visualisation

9

• 511keV peak for every ion

• dE-E Si

We can then modify the geometry using a rotation matrix that we’ll add in G4 detect.C
in order to have less noise in the background and not have the shape of the beam in the
�E-E graph. The rotation matrix will place the detector at a certain angle (here 5°) from
the axis of the beam.

6 Questions

• Why do we have the disintegration of radioactive beams in the bragg peak ?

• what is the Ganil experiment ?

• Theranostic

• Y a-t-il une dose importante déposée dans les tissus au niveau du plateau (avant le
bragg peak) ?

7 Other

Marie’s personal phone number :: 0632153902

Decay of Lithium 8:

8
3Li5 ! 8

4Be4 + e� + ⌫̄e ! 4
2He2 + 4

2He2 + e� + ⌫̄e

Decay of Helium 8:

8
2He6 ! 8

3Li5 + e� + ⌫̄e

Link for materials in geant4 :

http://hurel.hanyang.ac.kr/Geant4/Doxygen/10.03/html/d3/d04/_g4_nist_material_builder_8cc_source.html

8 To do list

To check before doing the simulation :

• Make sure that the target/world has the right size

• Check the material, the number and the position of the detector.s (in DetectorCon-
struction.cc)

• In G4 detect.C, make sure that you are going to create the right graphs and that you
are collecting all the information you need

• Make sure that you have the same information in rib.mac and vis.mac

• For the Si, we need to make the simulation for 0 and 5°

• Check the visualisation

9

Can we detect these gammas?



Results – Gamma distribution 25

Gamma peaks detected in 
the CeBr (5°) detector:
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• Distinct peak at 981keV

“Prompt – “ detection possible 
advantage for 8He

Histogram of the number of gammas 
detected as a function of their energy

5) Conservation of flavour (not for weak force). The only special flavour is that of the
strange quark, called strangeness. Historically we have

S = �1 for a s quark and S = +1 for a s̄ antiquark

6) Conservation of isospin (not for weak nor EM)
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• dE-E Si

We can then modify the geometry using a rotation matrix that we’ll add in G4 detect.C
in order to have less noise in the background and not have the shape of the beam in the
�E-E graph. The rotation matrix will place the detector at a certain angle (here 5°) from
the axis of the beam.

6 Questions

• Why do we have the disintegration of radioactive beams in the bragg peak ?

• what is the Ganil experiment ?

• Theranostic

• Y a-t-il une dose importante déposée dans les tissus au niveau du plateau (avant le
bragg peak) ?

7 Other

Marie’s personal phone number :: 0632153902

Decay of Lithium 8:

8
3Li5 ! 8

4Be4 + e� + ⌫̄e ! 4
2He2 + 4

2He2 + e� + ⌫̄e

Decay of Helium 8:
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2He6 ! 8

3Li5 + e� + ⌫̄e

Link for materials in geant4 :

http://hurel.hanyang.ac.kr/Geant4/Doxygen/10.03/html/d3/d04/_g4_nist_material_builder_8cc_source.html

8 To do list

To check before doing the simulation :

• Make sure that the target/world has the right size

• Check the material, the number and the position of the detector.s (in DetectorCon-
struction.cc)

• In G4 detect.C, make sure that you are going to create the right graphs and that you
are collecting all the information you need

• Make sure that you have the same information in rib.mac and vis.mac

• For the Si, we need to make the simulation for 0 and 5°

• Check the visualisation

9
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Relative Biological Effectiveness (RBE)

RBE = 
DX-rays

DIon

where DX-rays and Dion are doses computed to kill the same amount of cells
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Comparison of the BP for different ions:
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We can plot the Bragg peak using different widths each times giving very different
results. Here we have 3 graphs plotting the dose deposition only for a section of the
beam or for the whole width of the beam. The results are different and the approach we
used here was the last one where only a small width is taken into account.
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Finally we’ve also changed the material of one of the �E detector from Plastic to
Silicon, which changes the resolution of the detector. What we’ve seen is that using Silicon
doesn’t change much to the signal we get in the end.

3.2 Bragg peak

We’re going to find the and compare the Bragg peaks for di↵erent ions in order to
compare their e↵ectiveness. We have two di↵erent ways to normalise the Bragg peak and
plot it. We can either normalise all of them to the entry dose in the source of normalise
with respect to the height of the Bragg peak. We are going to consider the first case so we
can compare the dose received in the di↵erent Bragg peaks. In the other case we would
have observe a sort of equivalent dose to be injected in the patient in order to have the
same e↵ects. We compared::

• The Bragg peaks for di↵erent ions (in the introduction we could talk about the choice
of those ions, why so many carbons? why not above?...).

• In a second time we’ve also been able to compare the Bragg peaks using two di↵er-
ent physic lists (BIC et INCL). We came to the conclusion that the two are quite
equivalent, plus, this also showed us that the peak at 981keV of the 8He decay is well
simulated by the 2 physic libraries.

• Finally we’ve also compared the Bragg peak in the case where we consider it over
a larger width. However to be precise we shouldn’t consider the entire width of the
peak where it stops but only a fraction of it. Indeed, irl, we have di↵usion processes
and therefore it is more useful in our case to use only a fraction of the width of the
final beam.

3.3 Gamma peaks

4 Conclusion

Silicium pas nécessaire
He8 mieux que Li8

5 New run

Plot the dE-dE for (5°) and the dE-E (for 0° and 5°).
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Finally we’ve also changed the material of one of the �E detector from Plastic to
Silicon, which changes the resolution of the detector. What we’ve seen is that using Silicon
doesn’t change much to the signal we get in the end.

3.2 Bragg peak

We’re going to find the and compare the Bragg peaks for di↵erent ions in order to
compare their e↵ectiveness. We have two di↵erent ways to normalise the Bragg peak and
plot it. We can either normalise all of them to the entry dose in the source of normalise
with respect to the height of the Bragg peak. We are going to consider the first case so we
can compare the dose received in the di↵erent Bragg peaks. In the other case we would
have observe a sort of equivalent dose to be injected in the patient in order to have the
same e↵ects. We compared::

• The Bragg peaks for di↵erent ions (in the introduction we could talk about the choice
of those ions, why so many carbons? why not above?...).

• In a second time we’ve also been able to compare the Bragg peaks using two di↵er-
ent physic lists (BIC et INCL). We came to the conclusion that the two are quite
equivalent, plus, this also showed us that the peak at 981keV of the 8He decay is well
simulated by the 2 physic libraries.

• Finally we’ve also compared the Bragg peak in the case where we consider it over
a larger width. However to be precise we shouldn’t consider the entire width of the
peak where it stops but only a fraction of it. Indeed, irl, we have di↵usion processes
and therefore it is more useful in our case to use only a fraction of the width of the
final beam.

3.3 Gamma peaks

4 Conclusion

Silicium pas nécessaire
He8 mieux que Li8

5 New run

Plot the dE-dE for (5°) and the dE-E (for 0° and 5°).
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Try another physics list to check 
the consistence of our results:

Finally we’ve also changed the material of one of the �E detector from Plastic to
Silicon, which changes the resolution of the detector. What we’ve seen is that using Silicon
doesn’t change much to the signal we get in the end.

3.2 Bragg peak

We’re going to find the and compare the Bragg peaks for di↵erent ions in order to
compare their e↵ectiveness. We have two di↵erent ways to normalise the Bragg peak and
plot it. We can either normalise all of them to the entry dose in the source of normalise
with respect to the height of the Bragg peak. We are going to consider the first case so we
can compare the dose received in the di↵erent Bragg peaks. In the other case we would
have observe a sort of equivalent dose to be injected in the patient in order to have the
same e↵ects. We compared::

• The Bragg peaks for di↵erent ions (in the introduction we could talk about the choice
of those ions, why so many carbons? why not above?...).

• In a second time we’ve also been able to compare the Bragg peaks using two di↵er-
ent physic lists (BIC et INCL). We came to the conclusion that the two are quite
equivalent, plus, this also showed us that the peak at 981keV of the 8He decay is well
simulated by the 2 physic libraries.

• Finally we’ve also compared the Bragg peak in the case where we consider it over
a larger width. However to be precise we shouldn’t consider the entire width of the
peak where it stops but only a fraction of it. Indeed, irl, we have di↵usion processes
and therefore it is more useful in our case to use only a fraction of the width of the
final beam.

3.3 Gamma peaks

4 Conclusion

Silicium pas nécessaire
He8 mieux que Li8

5 New run

Plot the dE-dE for (5°) and the dE-E (for 0° and 5°).
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