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High energy proton beams have been regarded as one of the more attractive particles for use in
radiotherapy. In the National Institute of Radiological Sciences (NIRS), clinical trials of proton beams started
in 1979, using a spot scanning system. Superficial treatment of less than 4 cm depth in tissue is possible because
the maximum energy of the proton beams from our isochronous cyclotron is 70 MeV.

Absolute dose determinations were made with three types of ionization chamber and a Faraday cup.
Methane based tissue equivalent (TE) gas, nitrogen, carbon dioxide, air were used as an ionizing gas with flow
rate of 10 ml per minute, except for air which was used as open to atmosphere. Measurements were made at the
entrance position of unmodulated beams and for a beam of a spread out Bragg peak at a depth of 17.3 mm in
water. For both positions, the mean value of dose determined by the ionization chambers was 0,993+0.014 cGy
for which the value of TE gas was taken as unity. The agreement between the doses estimated by the ionization
chambers and the Faraday cup was within 5%. Total uncertainty estimated in the ionization chamber and the
Faraday cup determinations is 6 and 4%, respectively.

Common sources of error in calculating the dose from ionization chamber measurements are depend on
the factors of ion recombination, W value, and mass stopping power ratio. These factors were studied by both
experimentally and theoretically. The observed values for the factors show a good agreement to the predicted
one.

Proton beam dosimetry intercomparison between Japan and the United States was held at NIRS in April,
1980. Two institutions in the US and two in Japan participated in the intercomparisons. All participants used
ionization chambers as one detector, and one institution used a TE calorimeter. Good agreement was obtained
with standerd deviation of 1.6%. The value of the TE calorimeter is close to the mean value of all.

In the proton spot scanning system, lateral dose distributions at any depth for one spot beam can be
simulated by the Gaussian distribution. From the Gaussian distributions and the central axis depth doses for
one spot beam, it is easy to calculate isodose distributions in the desired field by superposition of dose
distribution for one spot beam. Calculated and observed isodose curves were agreed within 1 mm at any dose
levels.
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Fig. 1 Three types of ionization chamber and a
Faraday cup which were used for absolute dose
determinations.
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Table 1 Mass of the gas, volume, response per tissue dose for various charmber systern.

Ohsmber systens ‘ Massk;f gas ‘ Volill.zlme dR:ssg:)?Jst ;Jer tissue
PP-I-AIR 7.218%X107 0.6032 1.878 %10

~ PP-I-TEG 6.303% 107 0.5964 2.173x10™®
PP-1-N, 6.933 %1077 0.5993 1.766 %107
PP-1-CO, 1.102x 10" 0.6122 2.948x 107
150-TG-AIR 1.143% 107 0.9552 2.927 x107
FARMER-AIR 7.331x107 0.6127 1.891x10°®
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Table 2 Physical parameters used for dose estimation of *Co
gamma rays and also 70 MeV proton beams.
! *Co Gamma rays I Proton beams
Material . S i S
stopping power W-value mass energy abs. stopping cower |  W-value
MeV cm’g™! J/C coeffi-, cm®*g™ MeVem'g™ J/C
AIR | 2.885 33.73 0.02661 8.439 .2
TEG ' 3.275 29.2 0.02936 9.703 31.0
N, 2.867 34.6 0.02664 8.491 36.5
CO, 2.864 32.9 0.02665 8.423 35.0
TEP 3.274 0.02932 9.756
LUCITE 3.191 0.02878 9.471
MUSCLE 3.251 0.02934 9.611
148
Peak Position 37. 810. 13mm
1281 Pack Width 3. 3128, B
s« 1+ PP Dose Ratio 5. 83414, 851
:% 1a]  Mean Range 38. 50«0, 11mm
S Estimated Energy 68. 2:0. Z2MeV
o
i— o8/
n
|
a
L
o sa)]
=
=
i
2 wl
1
L o
.-—'/
——
8 {
[ 5 18 15 20 25 39 35 4 45 sa

DEPTH IN WATER/mm

Fig. 2 Depth dose distribution in water which was measured on eight separate days.
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Table 3 Evaluated absorbed dose at two points
for different detectors. Tne reference value is
marked by an asterisk.

| Entrance plateaun SOBP

| etector | 68.2 MeV | 38.5 Me
PP-I-AIR | 0.993£0.003 | 0.970

| PP-I-TEG | 1.000* 1.000* |

|_PP-L-N; | 1.00520.003 0.990
PP-1-CO, 0.993£0.020 0.972

150-TG-AIR 1.014
FARME-AIR 0.997
FC-2 0.94640.015
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Table 4 Estimated uncertaintys in ionization chamber and faraday cup dosimetry.
Tonization chamber Percentage Faraday cup Percentage
Mass of gas i 3 Efficiency of faraday cup 1
W-value 4 Range of calibration bearn 0.5
Stopping power ratio 1.5 Stopping power 3
Temp. and pressure 0.5 Low energy proton 1
Saturation 0.5 Effective area 0.3
Beam Inhomogenity 1 Nuclear interaction 1
Measurement _ 2 Measurement 2
Total uncertainty 5.7 4.0

5.7% &£4.0% &7t h, Vethey ¥k 5 HEED
LIZIER CFHECH 5.
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Fig.3 Observed and calculated ion collection efficiencies for four different gases

used.
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Table 5 Calculated mass stopping power of aluminum, water, and the muscle for
different energies. The values are compared to other published data.
I Present Cal.| Andersen Janni Bichsel | Williamson | Barkas Mean
Aluminum | | B ,
1 MeV 171.5 173.2 174.0 173.9 174.5 171.0 173.0
10 MeV 33.79 34.08 33.97 33.89 33.84 33.80 33.90
100 MeV 5.690 5.734 5.695 5.689 5.715 5.697 5.703
Water
1 MeV 271.1 265.5 268.0 271.4 269.4 273.5 269.8
10 MeV 46.36 46.43 46.17 46.77 45.93 46.31 46.41
100 MeV 7.357 7.389 7.346 7.411 7.397 7.425 7.385
Muscle (ICRU) [
i 1 MeV 267.7 262.9 264.3 269.6 266.1
§ 10 MeV 45.88 | 45.99 |  45.70 46.25 45.96
| 100MeV | 7.284 i 7.320 | 7.273 - | 7.342 7.305 |
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FoRpi-fHIT, £EOFEEELFIF—FH LT\
5.

RO 3 TERER B HERL T B BERE Sz 27
A, 77 v 2 BEOBERILIEELXEHIIL, %
P OB TR ERIE ~ o EIEHe oW TR L
=. Fig. 513 TEP wif+ 571 =, HRER, 22

Wwmd., 7oy AR O=3 0§ —
FETRIE EH =R A - VAR VERT.

TOMeV [BFHE D75 » 71— 7 TOFEE=F 0
F—i1 6.3MeV L R0, FolrbT
FUEEE FEEMIERERE B LR A LT E
4. ¥ TEG oigs 1~500MeV 2 47T0.2%



BAs74: 1 A250

.68

51—(51)

T
o ‘H“H
.58} """"--..,.
e ‘\"“‘-_ -

L48 4 “""--—--_3.'?_"_@‘_"3“'
E .38 L
- .
< i,
O o T =T
= ‘ .
';,4 TEP/AIR : =
8 1.18 | TEP/NITROGEN
w TEP/TEG
E 1.82
o |
o
O o.08] L
5 ] TEP/METHANE

8.88 | e

a.7e ]

e.58

18 ° 10! w2 1w ?

Fig.5 Mass stopping

PROTON ENERGY/MeV

power ratio of the Itissueequivalent plastic to some cavity

gases.
.28
— WSILEALCTTE
e~ MUSCLE/FOLYSTYRENE
I ——————— MUSCLE/WATER

o 184 R e

= MUSCLE/TEP

: — = —= MUSCLE/FOLYETHYLENE

&

=

E 1.9@ |

E === i ]

= T ——

—_

a

S

» 1 .—-—-—-—'-—"-—"--H——»—-___,_____

w 2. 50 . — e —

fo
2.60
L]
18 18 1 o 2 . ]

PROTON ENERGY/MsV

Fig. 6 Mass stopping power ratio of the muscle to some materials used in dosimetry

LIHT—%ETH 5. Fig. 6 134544

b, BVAFVY, K FArV
V=5 vvoBmElikEEY 7.

DA W 3B = o F - R 1 B TN
<, MEMERMEE LTHESTHD. KEHH
TUL L %50 Y, b6 ORI % 54 %

(6), TEP, %
ZhboE



52—(52)

CroTl BOENET LN, @il F—»uv
<R {ALBRTHS.

4.2.2. B X B PED

BB IR RE % SRR IR o5 B P ik Bakker
H¥ D, B 5YE ORI RS & RIS
DOHAG &0 lin bR bs HikErs s, coli
Bk PR R B o 26 © JERSE DT,
Thompson*® (3[LILEED 7 F » 7 IR OAHZEhY:
OWHFIEH LI, co Tzl kT
T3, 1bEY, BAYOEREIEEY NE L.
K77 v b ARG OEDRR A L 1
Fedh, ZHUIEKOE IR EE A TEL L
L, TOEENRA 7 w2 —ZC kb EFERET
BERLRDLIBZ L2 X 5. TNk H — &
v (5774 ), TAI=UA, 8H, HF3
=% A, AX, #, ¥4 b, BVAFVLY, #
Yy =L, Mix-RY™ ¢ £ 2~3g .+ em™ pE
T THh5H. pilEcy PP-1-TEG Bk = M
Wiz, Fige 7 @IRUefh Hiig o BEo ke T OB
oA &, TCHYE ORI AR O 52 R
T. A—-FvoOor—7{HEIEFEVD, 2Rt

l48

AAEFRERESMERE Foe% 815

75754 PCTHRASTWBERDT, LD
FWHM k% <ifcoTwb., $ofEIHoES
e ) ARG B ol 10mm 23 LT
ey b L7 OV — ZHL S EVD, T h
VER T L OMEERA K E e LB B,
FIAF y ZHIZOWTIRRERT Wi, £
TOWET— 7l 11421F100% ¢, FWHM 1,
RIEKER CHTH - 7.

Table 6 . g&fAOf5 R R4, 827
HRLTHEDN, HA—FEY, ARLTSAF 7
FLMEE T, Mol OEbEZEOEABIH L
to. 3TN T, ZoELTINE DR
X, WE b EEEIERE S ROBh B, H—
AEVICOWTIRTORMER Ir & T, TRk
N D0 DR E £ 5 LD BHRD
fo. Koffi% 1 & Ui & & OR%E R AENE
RO LRI B 4TSRS, — it 7
N3 = AEIEECS Z LS D TEREE
SFNCR Ui, FIoFRER S 6 PR LSERE
L ORERE T IR U, REETE 1 ZBUH
THEDTR-—FEB#Hohi, chbOfRRLD

Cerbon 19, 0Bmn
Copper 5. Bdmn
Aluminum 13, 15mm
Tin 5. 8lem

Lead 5. 82sm

—
e
— o —

. ———
e —‘-‘—'_‘. -

—_—

-

8
o
S

PERCENTAGE DEPTH DOSE/%

28

LY

25 28 a5 48 A5 58

DEPTH IN WATER/mm
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absorber. The value of the Bragg peak for no absorber is taken as 100%.
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Table € Physical density, peak position, and mass stopping power for various materials to be
investigated. In each column the reference value is marked by an asterisk.

" Element ] i Dg?::s;! Pﬁk;pc;fition‘ _H_zga: stOP]p.itTg. i(i\;erl | Calculation ]Dévi%t;ion T
Carbon 1.790 | 6.61 | 0.898 1.149 1.151 - 0.2
Aluminum 2.60 | 10.20 0.781 1.000% | 1.000* 0
Copper 8.93 8.00 0.662 0.848 0.846 +02
Cadmium 8.64 12.10 |  0.578 0.740 0.739 + 0.1
Tin 7.354 16.80 0.570 0.731 0.724 + 1.0
Lead 11.34 10.40 0.481 0.617 0.618 - 0.2
Lucite 1.185 10.20 1.000 1.280 1.267 +1.0
Polystyrene 1.06 13.30 0.985 1.263 1.272 - 0.7
Polyethylene 0.926 | 6.30 1.080 1.383 1.377 +04 |
Mix-R 1.033 | 9.20 1.010 1.294 | 1.301 - 0.5 |
Water 100 | 3781 1.000* | 1.287 | 1.207 - 0.8 |

=3 F =BT 5 RIS S NN SN NN SN
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Table 7 Physical properties of lead absorbed and no absorbed beams for different gases.

| No absorber | Lead absorber
Ji’-PE__raEu " peak width | mean range |- 1 | peak width | mean range
I i — mm | mm [T T mim mm
AIR 5.70 3.48 38.45 3.07 4.48 11.30
TEG 5.75 3.30 38.40 3:12 4.35 11.32
CO, 5.70 3.50 38.45 3.07 4.44 11.32
‘ N, [ 5.70 3.45 38.42 3.08 4.46 11.35

Table 8 Mean energy required to produce an ion pair in the gases for different energies.

Gas | MV | oMev | aMev | soMev | 70 Mev Mean
AR | 37 35.9 5.7 36.0 3.9 | 35.8+0.1
TEG 30.2 3.5 30.5 30.3 30.4 20.40.1
co, 35.0 34.9 3.4 3.7 34.6 U.TH0.2
N | 3.5 36.5 36.5 3.5 3.5 3.5 '
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