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Heavy lon Beams

The simulation of the fragmentation of the ions of the beam, actually not
considered in the code, gives an important contribution for the dose deposition
for heavy ion treatments.
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Ganil Experiment

Development of the model using data taken during experiments to study the

fragmentation of 12C beams on thin targets at GANIL (laboratory of CAEN,
France, 2011-2017).

Data consist on: energy and angular cross-section distributions on H, C, O, Al,

and Ti with beams of 12C with energies of 50 and 95 MeV /n with a detection
angle [-43°,+43°]

)
1 p
) g

Si(Li) detector

Telescopes

J. Dudouet, et al, C, PHYSICAL REVIEW American Physical Society, 2013

K C. Divay et al, PHYSICAL REVIEW C 95, 044602 (2017)
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Ganil Experiment
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Step 1: Coefficient of Mass Attenuation

Calculation of the total cross section: FLUKA (12C in WATER) | 1 = 0-04602
0.14F a9 = 0.081358
- az = 0.020644
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Scaling considering the type of projectile
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and the target using the Sihver formula:
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. . . . ro = 1.36 fm
or 4+1/3 1/3 ~1/3 —1/3112 To : . .
oAy’ "+ A —bo[Ap T+ A, ] bo = 1.581 — 0.876(A, 1/* + A7)

Tscaling = 72112173 {14.32551/3 —b, [12-1/3414.3255— 1/3]]2 b, = 1.581 — 0.876(121/3 + 14.32551/3)

Where the A of the target is calculated as the sum of the A; of each element of the
target for the weight of the element

— . . If the projectile is a neutron or a proton the
Otot — O * Oscaling = -

total cross section is zero

So the mass attenuation is:

_ Otot
H P
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Step 1: Coefficient of Mass Attenuation
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Step 2. 1: Choose the Fragments emitted by the Projectile

HIT OR MISS with cumulative obtained with data from the Ganil Experiment

adding the constraint:
LAi<Aprojectile AND  XZi=Zprojectile
If XAi=A projectile
Fred chooses Aprojectie-ZAi neutrons

(FRED)Number of Fragments per event
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Step 2. 1: Choose the Fragments emitted by the Projectile

HIT OR MISS with cumulative obtained with data from the Ganil Experiment
adding the constraint:
ZIAiSIAprojectile AND Z:Zi=Zpr0jectile

If ZAi;éAprojectile
Fred chooses Aprojectie-ZAi neutrons
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Step 2. 1: Choose the Fragments emitted by the Projectile

HIT OR MISS with cumulative obtained with data from the Ganil Experiment
adding the constraint:
LAi<Aprojectiie AND  XLZi=7Zrojectile
If XAi=A projectile
Fred chooses Aprojectie-ZAi neutrons
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Step 2.2: Choose the Fragments emitted by the Target

Calculation of the Probability for a specific projectile with an energy E, to have

fragments with Z: more that its charge Z, using Poisson

AzFluka
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After have chosen how much
will be the Z to add from the
target fragmentation, new
fragments will be choose
considering the cumulative
described in the previously
slide  (considering  only
fragments: 1H 2H 3H 3He
4He 6He)
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Step 3: Choose Energy and angle of Fragments emitted

To obtain an Angle and Energy Cross Section, have been fitted with Ganil data

(E—<E>)? n (9—<9>)2)

f(E,H) :Ale—(aEE—l—aQO) —|—A26_( 20 20

— Proton angle and
Target fragmentation | _; energy distribution
consider only the 12C [95MeV/u]

exponential function | Oxygen Target

| — —

<E>=90.671684
og = 36.5310883
<0> = 0.000000

0p = 9.805276
T T R ag = 0.013709
Kfram [MeV/u] ap = 0.029889

Exp/Gauss = 0.316909
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Step 3: Choose Energy and angle of Fragments emitted

To obtain an Angle and Energy Cross Section, have been fitted with Ganil data

(E—<E>)? n (9—<9>)2)

f(E, 0) _ Ale—(aEE—l—agO) 4 A26—( 20 20

iHe angle and energy
distribution
12C [95MeV/u]
Oxygen Target

S

<E>=79.755656
o= 15.347413
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| m Op = 5.331252
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Exp/Gauss = 0.079492
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Step 3: Choose Energy and angle of Fragments emitted

To obtain an Angle and Energy Cross Section, have been fitted with Ganil data

(E—<E>)?2 n (9—<9>)2)
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6Li angle and energy

distribution
12C [95MeV/u]
Oxygen Target

e — E—

<E> = 80.775685
or = 14.808873
<0> = 0.000010

| oo=4.563475

cl ag = 0.030777

350

Kfram [MeV/u] o = 0.100689
Exp/Gauss = 0.074359

M-

29/11/19 Rome Micol De Simoni 9



Step 4: Energy and angle Scaling

Scaling of fragments kinetic energy:

_ 17Ganal

Scaling of fragments angle emission:

_ nGanal 1
g = pGanil L

Kinetic Energy of fragments

K f — produced by a beam with kinetic

energy Kj
KGan’il — Kinetic Energy of fragments
f produced by the beam used
in the GANIL experiment

K p — Kinetic Energy of the beam

N Kinetic Energy of the beam
K bc; anuil — used in the GANIL
experiment

0

Angle of fragmentation with a
beam of kinetic energy Kp

Transverse momentum of the
fragment

Pf

p b — Transverse momentum of the beam
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Step 5: Local deposition of Energy

The energy which is not used for projectile and target fragmentation is
deposited locally
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12C 95 MeV /n in water
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Results

12C 95 MeV /n in water
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Results

12C 200 MeV /n in water
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12C 200 MeV /n in water
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12C 300 MeV /n in water
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12C 300 MeV /n in water
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12C 95 MeV /n in water

Results
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As energy increases, in FRED the
plateaux increases and the tail
decreases with respect to FLUKA

Why? What is not working when
the energy increases?
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Energy of fragments emitted @95MeV /u
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Energy of fragments emitted @95MeV /u

7 & ; - ZEfn 1H
ZEfn_n
2000 — z
Entries 93396 " ;Eﬁmrles 1 5;1:95761
ean !
Mean 86.21 1800 D 46.73
Std Dev 41.14 Std Dev X
1600
1H
1200
1000
800
600
400
200 E [MeV/u]
TRV EEFUATIRrII ) = PR I B B | PO B
300 3 0 50 100 150 200 250 300 350
ETMeV/u]
- T T T TTrTgy T T TTTgTTTTTTpR T TTErE et N T ZE'n 6L|
ZEfn_4He — _
1400 — Entries 51467 — Entries 72555
— 80— Mean 6.86
o Mean 76.06 - Sd D 18.48
- StdDev  19.37 - ev .
1200— 70—
1000__ 60;—
- — .
e 4He S 6L1
= 40—
600 — -
~ 30—
400 — =
- 20—
200:— 10:
Py 1 SR I P PRI BRI EEREPE S R | o LM [T B * S B R SR R |
0 50 100 150 200 250 300 3 0 50 100 150 200 250 300
E [MeV/u] Eﬁ/feV/u
T TTTTTTIRETT O TTTETEETTT AT T T
SEin 786 _ _ZEfn 10C
i — Entries 164
Entries 1755 12 Mean 83.55
Maan 7 - Std D 10.82
Std Dev 16.6 B eV X
10—
7B 13 10C
G_
4 b—
o—
PRI ISR SR S S SR SR AU S S S o_nlull.......l....l....l....l....l.
150 200 250 300 0 50 100 150 200 250 300

EMeViy 0 C T EMev/]
Fﬁo A“ 29/11/19 Rome Micol De Simoni




