SAMPLE HISTORIES FROM
CARBON THERAPY OF A
HUMAN BRAIN

Mary Chin'
Francesco Cerutti’
Alfredo Ferrari’
Andrea M3irani?
P3ola Sala!

Vasilis Vlachoudis!

TCERN, CH-1211 Geneva, Switzerland
2CNAO, 27100 Pavia, Italy

ANS Winter Meeting 2 Nov 2011 Washington DC




1 source ion started

506 collisions .\.‘.\.‘x_ = ?% % w

454 secondary particles + 2 heavy ions
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Particle count Channel of creation

373 electrons

40 protons

16 neutrons

9 gammas

7 alphas

2 deuterons

1 helium-3
1 positive pion

1 positive muon
1 muon neutrino

1 positron _
1 electron neutrino
1 muon antineutrino

129 deltas from 2 alphas
128 deltas from 12C source
75 deltas from 4 protons
10 deltas from 1 deuteron
7 Mgller, 11 Bhabhas, 7 Comptons
6 deltas from 1 positive pion

29 from (n,np)
5 from inelastic collision of deuteron
3 from inelastic collision of alpha
1 from inelastic collision of 12C source

1 each from (n,nnpy) and inelastic (p,p’)

6 from inelastic collision of deuteron
3 from inelastic collision of 2C source
2 from inelastic collision of alpha

2 each from (n,2n) and (n,nnpy)

1 from inelastic (n,n’)

2 from positron annihilation

2 bremsstrahlungs

1 from inelastic collision of 12C source
1 from inelastic collision of alpha

1 each from (n,y), (n,ny), (n,nnpy)

3 from inelastic collision of 12C source
1 from inelastic collision of deuteron
1 each from (n,2Ha), (n,na), (p,pa)

1 from inelastic collision of 12C source
1 from (n,?Ha)

from inelastic collision of deuteron
from inelastic collision of 12C source

decay products of positive pion

decay products of positive muon

all step till stopped

37 step till stopped
2 escape _
1 collides inelastically

10 escape
4 collide inelastically
1 enters gamma capture
1 enters ?n,n’)

all escape

5 step till stopped
1 collides inelastically
1 escapes

1 steps till stopped
1 collides inelastically

steps till stopped
decays

decays
escapes

annihilates in-flight
escapes
escapes
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DELTA-RAY PRODUCTION
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CARBON STEPS HEADING TOWARDS ABSORPT ON

3650

3600 k& * "% + bone
35501 ]

= air
o adipose

_____________ ;2
tlme(ns)
218.1 keV 1.093 GeV 2.691 MeV i 434.8 MeV
stops delta trail, escapes delta trail,
28.35 MeV P escapes 70.52 MeV collides @
delta trail, @855 MeV C}Tlta ’cralld 410.8 MeV
decays till stoppe
! 1108 Gev 7169 Mev 150.9, 91.46 MeV
delta trail, steps till both escape 84.03 MeV
collides @1.040 Gev  stopped 4 collides
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P n P P n Y
115.5 MeV 215.9 MeV 102.4 MeV 234.2 keV
delta trail delta trail collides stops
till stopped till stopped
347.3 MeV 213.5 MeV 1.286 MeV
escapes delta trail escapes
till stopped
9.941 cm 33.35cm 1.323 cm
31.35cm 31.42 cm 38.29 cm
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18 knocks which took 4.052 MeV — m
3 orders of magnitude 150 0 eV

1N J(imG, 4 Ol’d@l’s O{ 1.800 ~ 10e- -10-

magnitude in enerqy 1834 ns .
\
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3.44.2 ns
5.

M+ VH

3916.00 NS| e

Cam o
3916.06 ns ﬂ RIS

3916.08 ~ 3916.22 ns —SE* I- 3916.36 ns !

3916.25 ns—Ki}-»~; | P !

ﬁ w Com.p;r.)s_vvi:ch_el.ec:rc.m_b;)u nd to:
.................. - H in caudate nucleus

.I 3916.40 ~ —H—. 1 12C in muscle & adipose

: 160 in corpus callosum, caudate
| 3916.44 ns : hucleus & lateral ventricles
I l N in corpus callosum
: ” :




ANNIHILATION
IN-FLIGHT

5.55 MeV
(not at rest!)

5.66 MeV (hot 180) 0.907 MeV
(not 0.511) e (nhot 0.511)

v’ energy conserved
P v momentum conserved
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CARBON STOPPED IN THE SKULL.
2.72 cm UNDER THE SKIN.
RATHER PREMATURE.

1S 300MeV/A TOO LOW THENY?
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CU WOULD HAVE !
BEEN HERE !}
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depth (cm)

Fig. 2. Position where *C track ended: the 3741th history
(cross-hair) in the context of 5000 histories, of which 10
escaped.



lateral displacement (cm)
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|A RARE SAMPLE INDEED
NONETHELESS

 PERIPHERAL BUT
NOT NECESSARILY NEGLIGIBLE

« A GOOD MONTE CARLO CODE
WOULD NEED TO

&

GET THE TAIL RIGHT

e GOOD TRAINING SHOULD
TELL THE FULL STORY




ANALOG NON-ANALOG

E, p, A, Z conserved at each Kinship is lost
point of interaction

Each particle has a uniquely- Doesn’t matter if we want
defined parent; each sibling ~ averaged estimations eg. dose
(if any) is uniquely identified or fluence - same results



ANALOG

A, Z conserved at each
point of interaction

12 40 34 2 2., 0 .
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DISPLAYING PARTICLE TRACKS

HOMOGENEOUS PHANTOM SOMEBODY’S HEAD
ala-cloud chamber hot so easy to plot
2D: no problem

No three points
can be drawn
on the sgme

2D background
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ANYWAY X)Y,Z ARE NOT THE MOST
IMPORTANT PHASE-SPACE PARAMETERS
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