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Only a Protocol based on standards
of absorbed dose to water is being
recommended by ICRU/IAEA Reports
for protons and heavier ions
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At the standards laboratory ionization chamber is provided with a calibration
factor in terms of the radiation quantity S in a beam of quality Q. : Ng o,

- No national and
Qo (Co-60) :>_'> O— S international dosimetry
standards
for protons and heavier
ions
o = S
0 (Co-60) —_ —_ l
—p N S’QO M ND,W,QO
Qo
M Qo|l \/ reference conditions: P, T,h S, etc
D, . (cal)
Qo (prpton beam) _ N — W, P
calorimeter D,w, p M| €O

Instrumentation for verification of dose: S. Vatnitsky =~ San Diego PTCOG 54 Educational workshop 5



Med e

The ionization chamber is then subsequently placed at a reference depth in
water in the user’s beam, of quality Q.

- D.S
D,,=M foo

w,Q N

Q " 75.Q

V] is the instrument reading in the user’s beam, suitably corrected to
Q the reference conditions for which Ng o is valid

is any overall factor necessary to convert both from the calibration
Q,Q, quantity S to dose D and from the calibration quality Q_ to the user’s

quality Q
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D, (z,.) @t any user quality Q
(photons, electrons, protons, heavier ions)

corrected calibration ~ beam
Instrument coefficient quality correction
reading atQ gt Q, factor

Qo (proton beam)

calorimeter ey DwQ = MQ ND W ka 0
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Prescribing, Recording, and Reporting
Proton-Beam Therapy
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Proton beams
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powers from ICRU 49

« Calculation using MC code

PETRA following Spencer-
Attix cavity theory

« Transportincluded

secondary electrons
and nuclear inelastic process
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Heavier ion beams
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D,(Q,cal)=cx®xAV x(1+D;)
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NPL protons at CCO (2004)

Sensing thermistors NIRS - carbon ions
Expanded
¥V | polystyrene
. ]
Aluminized PET fil lBeam Shield
Grephite uminize "M Jacket Core Vacuum gaps

Incident beam body
lI-Ieater

' T eclements

Vacuum
Calorimeter connection
Graphite medium |
' 115 mm

Graphite holder

WVacuum vessel | - O ring seal
graphite mantle

Aluminum case

Sakama et al 2008

Palmans et al 2012

Instrumentation for verification of dose: S. Vatnitsky San Diego PTCOG 54 Educational workshop 11



(W aile )o /(J CT)

36 ; : ‘ B
i ‘ B Delacroix et al., 1997 r
|  Palmans et al., 2004 i Carbon beam
1 Proton beam A Palmans et al., 1996 i
i | A Hashemian et al., 2003
! O Siebers et al., 1995 37 ]
T T O Schulz et al., 1992 ]
B+ R S XBredeetal, 2006 |- ------ . .
] i 0Medmetal.,2?06 G 36 i 357 J C_]__-
- |9 | S - L ]
- | l [
ERRE RS N \lli G e s L R L R Ilf__f-'l:h'l'll P LI Y ?'.E 35 | a
4| Z[L 77777777777777777777 : 34.5J C}
- ! - ! L Markus, Nx calibrati i
- 34.2JCH : | S PTW0011, R alibrtion TRS 3981
I | ¢ 34 H X PTW30011, Nd,g,Co calibration i
L \ \ &y PTW30001, Mx calibration
J : 1 O PTW30001, Nd,g,Co calibration
! ! [| & PRoos, Nxcalibration
33 r 1+ 1t t [ 1 Tt t T 17T © 1 1T 1T 71T T 1T 71T 7171 33..................I....I....
0 50 100 150 200 0 100 200 300 400 500 600
Energy (MeV/n)
Proton energy / MeV
ICRU 78 Sakama et al 2008
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on W

11

' proton McGill PTB
copper tubing gantry
with cooling |
liquid ~__ E E _-brass foil
thermistor cables [/ :\"ixi"“"g R R L' 1] ]
(to AC bridge) T “ | i |
heat ] - ~PT100 probes
exchanger = _ Lucite
Styrofoam
glass vessel
and probes
; ~ T water
copper_ L+ c
plate —__ magnetic | 200 mm |
stirrer I |
Calorimetry Ionometry Difference Calorimetry Ionometry Difference
Gy/MU Gy/MU % Gy/MU Gy/MU %
Protons Protons
Scattering 9.087*10-3 9.118%10-3 0.34 182Mev 2:95+0.04  2.97+0.09 wly
Scanning 1.198%10-3 1.203%*10-3 0.42 C12 430 2.77+0.05 2.69+0.08 - 3.0
MeV/u
Sarfehnia et al., 2010 Brede et al., 2006
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Prescribing, Recording, and Reporting
Proton-Beam Therapy
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1 for protons
and ions

s # 1 for6Co
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Data from Palmans et al 2001,
and Palmans and Verhaegen, Montreal workshop 2001
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lyater = 78 E2eV

400 ———————————— '
90 r——t—r1T—-r—+—"—" b
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70 | -
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55 a — 1 —— L 2 —l 0 . , . . | . . . . | . . , . | , . . ,
0 S 10 15 20
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Depth (cm)
P. Andreo et. al., 2013
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Decrease of 0.6% in S,, ,;, for Co-60 B el I ]
% 250 Meti zﬂ'ﬁmm
- ; -
Decrease of 0.4% in S, ,;, for protons 2 s ]
and heavier ions S
§. LIE a7sev |
Net change in W, , - increase of 0.6% g Ay A
1.13 _""‘___J—-—-——"‘”J _,:'----
i.e. Wy, , = 34.44 eV (current - 34.23 eV) b -'--::::::::::;E;.;:?-E--;v
112 ] -; Eli 1I2 1IE EIﬂ EId 28
depth / cm

CONCLUSION: the net effect of all the changes

leaves current calculated kQ values unaltered

(P. Andreo et al., 2013)
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k. =a,+a|— [+a,| —
M 2 M 2
Protons and heavier R
lon beams: | Not all beams are pulsed
e for determination of
* Pulsed (passive) or e recombination
pulsed scanned (active) (G-
beams, @@ ® s ,
* no continuous beams ! | ., M1 M1
kS:a0+a1 M_ +a2 M_
2 2
Two-voltage

method UM=1/M, +b/V

General recombination
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Synchrotrons (Repetition < 0.5 Hz,
Acceleration 0.5 — 1s)

-

Variable Spill Length( >0.5 sec.)

eceleration.

E

Acceleration

Injection Time

Effective pulse duration is long
compared to ion collection time

MedAustron®

Cyclotrons (small pulses, high
repetition, high dose per pulse)

dose per pulse (0.2 Gy)
pulse length 400pus

maximum transit time for the ionization
chamber 152 ps (300 V) and 76 us
(600 V) Lorin et al, 2008

lon collection time of ion chamber
shorter compared to pulse duration

of ion chamber l@ _ (VN /VL)Z -1
(

VN M /M)

continuous beam

Scanned continuous beam

The user should verify recombination corrections against independent method
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Calibration

at SOBP

renc
tons Calibration
anni at plateau/SOBP

on ions
spot scanning

Calibration
at plateau

au versus SOBP:
perposition of beams with

fferent intensities

ot continuous and reproducible
ix of particles with high and low LET
luence corrections are small

(PedronietaL,ZOOl)
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PSI

(Pedroni et al, 2005)

Aluminum Foil

Vacuum Housing

The Cup

Window

MedAustron®

D,, = (N/A) (S/p),, * 1.602 x 10 -10

Qs T T R Number of
Protons protons/MU
o o=
P i
o R
BNC
Secondary NSNS
Electrons s /
Electrostatic Guard
Ring Magnet Wine'i=~-
N Dmﬁﬂ’i
K(E)= = — AxA
| E)= MU~ 5,0Mu 22
MD ACC Dose/MU
90 1.15
(Gillin et al, 2010) 1 -
= -.‘., - .1‘125‘)
g_ 80 - ‘\ §
£ % =4
[ : E 751 * “\ g« DAPW
I : ol -:\_\#' = (S/p)w
s w0 w0 w2 DAPA. = M.N K
E (MeV) w,Q Q''DAP,w,Q0™Q,Q0
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(TRS 398, ICRU 78)

u(Np ,,>°PH) = 0.6 ko calc

Co0-60 gamma-rays 0
High-energy photons 15

%
High-energy electrons 1.4-2.1

Proton beams 2.0-2.3 12
Heavier ions 3.0-3.4
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Relative dose _
measurements Dosimetry tasks
require Nno detector * Routine daily clinical physics

) ] activit
calibration other than Y L
e ]  Beam line commissioning
verification of

« Collecting data for TPS

linearity of response . Periodic QA

within assumed Beam characteristics
dynamic range of v Depth dose
measurement v' Lateral profiles
conditions v" Output factors
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Active detectors:

_ Direct display of the
lon chambers, diodes, — current dose rate
diamond detector, or the accumulating dose

scintillators

(single and multiple)

Passive detectors:
Probe accumulates the

Destructive — TLD dose during irradiation.
Non-destructive — Films, = The value of dose is
alanine obtained after irradiation

with read-out device
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126 MeV protons, collimator 30 mm, no modulation
11 T T T T T
1.0 - ® Markus chamber 7
v Diode DEB 50
09 - = Diamond detector § _
¢ PinPoint chamber ¥
0.8 - ¢ 3 1
S v
0.7 s © ]
gl
© 06 (] i
0 3
= [ ]
© 051 1
O
2
04 = Y |
& o °
03 &
e & ¢ ¢
02+
01+
OO 1 1 1 1
0 20 40 60 80

Depth in water, mm

The user should carefully select detectors depending on beam size
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Characterization of scanned
proton pencil beams MedAustron®

courtesy by PTW

Depth dose distribution | Dose profiles
:}.: : | . f. 'ﬁ ﬁ 0.9 @) 0ar )
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pemm e Gillin et al., 2010 Kimstrand et al., 2007
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ST 2D-ARRAY ?

courtesy by PTW

100 r{(‘.ﬁowd-w
e atad “

ES
o 680
I3
=]
Q 60 a
g \
£ 40 4
© & Water Phantom '
e 20 |
+ MLIC detector ‘
&
0 v ; y_——
0 2 4 6 8 10 12 14 16 18 20
courtesy by IBA (b) Water-Equivalent Depth, cm

courtesy by IBA

Nichiporov et al. 2007
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gantry head

air gap
200 mm

phantom
material

Boon et al 2000

Instrumentation for verification of dose:

N scintillator screen
rang

-
5*\5 S-axis

Courtesy CMS

Lin et al., 2013
E. Pedroni et al., 2005

S. Vatnitsky

LTS

Bedntive dows ! %

-5 [] H ] 15 -
" Bie bu cewtral heam exia { man

Rosenthal et al., 2004
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—e— MD- 55 film
—v— Kodak XV-2 film

0.8

| A. Entrance § B. SOBP region |

0.6 -

relative dose

04 -

0.2

®
Ve a

0.0 teeatar®

off-axis data, mm

(courtesy of P. Olko).
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relative dose

155 MeV, modulation 3 cm, normalized at 11 ¢
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Proton and Carbon
lon Therapy

PROTON THERAPY
PHYSICS

e By
Maraid Paganetti
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harmonize clinical dosimetry
at proton and heavier

ion beam facilities

- Traceability audits:
Implementatlon Dose /MU review of proton

of ICRU Report /8 ‘ facilities: Moyers et al 2014
IAEA TRS 398 Np. (ICRU 78): 0.997+0.016

provide a level of accuracy
comparable to that

in_calibration of photon
and electron beams
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Members of ICRU/IAEA Committee Report 78
O. Jakel and colleagues at HIT
T. Lomax and colleagues at PSI

M. Moyers and H. Palmans
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