KAERI/CM-1052/2007

SHATIEI] olEAtzzOdY Jje & 2 Y

Development and management of
proton accelerator user program

Zgztop g ol

&= O 23t X282 UMK} Hlo| MEFE 5ol
Zteh oA+t

Study on dose distribution of therapeutic proton beams with

prompt gamma measurement

ERSPE

-

T A

IR L
P A7 4 F 7] SN EA Y B



if

|

2008 4. 21

A5 7] 73

o

b=
H

~H



o
(22 Hwﬂ NP Njo %ﬂ Dl =
I J o B
1 = A e ‘W 9 H%L "
T or LO W Oﬁ = ~ ﬂ
fels o8 8 & I o X B
& T == e Moo 8T ®
= SN LSS W Rl Ss g
J_ﬁ.l._ HT_ ‘uAI/:_I Wrw o#aﬂlmﬂ7o,ﬂ&o,%_u1ﬂ =
% i - 5 o pp PeITiLc o
X ot s i X _
o~ : ™ olo TA./HETWFWM_EZT#_ TH
T 3 N= T g o T A
i 2 i~ <] N = oo OF | =
5o | T = o A g a, N
oY T S = . < S ™ 00 X
- o | ) BT o B mo oy BK
o T | e I BoL R8O R R
=K o ‘Wouumﬂ - MOM Nr &8 X dﬂﬂu&wil ;]i
e - =y %mﬂ&@Aﬂ <
o Q =S | —
o0 = |0 BO O HO ey % 5 - ! 2 H) s K
= ] ° X £ SR TN
= R ~ To .o <= = X ~
N| zm ~ Ho ™ = S8 E M o
Vo= ﬂ ) zz | ~ © g 8L = W - M
on — O —n it o oy
< g% ~ wﬂ = Mo R .mm of ™ o g MM
N = ; : 5N i
SN 3 ofo B = | o] = N O 5 B o Ho
S| Ap — o 2 T iy K oy 3 750
S| |do|o o T X =0 | B W = i m 5 D _W
N Y =W HMEEge T 0N
_mo ﬂ% n\L_w o~ utﬂ.mHoN_nWwﬂ_ B
— - vl . =) . — ,Z = 10! X
RN = 4 = ) <MKy ES_w o
auiiey — —_ o T ~ = ® -
= =" 5T X R gemw op O2 -
PO o | |Re o B AR - - 2 g T N —
= KR |Ee 2 T e E SN o =
? T |T|® HE 3 ‘ B NEwme D =
%o |goNr B ¢ I ol gy T o=, 0% &
e = O
- Nd o T W Am ey
oR & —_ —
0 0 2 5} ~ il = 3 m# ! i Te) ,A]L o oy
BB o Ny oy RNNARF R W
— —_— SR o ﬁi K |J = _
| Mﬁ X —_— lo —_ - W ma 0 | I — Ot ‘M ﬂmE
© = |w X el s || o oF N I W o o ol ™ 20 BT
B - - o i |~ =n - PRI ey ol
VQ \ XH LC —_ Lt E g =
_— _— Njo = Jl zv.o —_ ~ _ZT — ( DS E#E o
SIS il 2o | Hu o = BN ree QNG B I o
N <9 |6 i o Jo % (- M= e a_H/%
, ™ T NP 5 1 ~ 7
Mow_ ° 5 —_ ‘B Jmom_m el e N «mmﬂﬂaMm N 55 =
"B B B ~ ) |3 R = T £ o 7o ™ ! L
wo| 3 = N ORI RN
X 2 Eo I NRi'S ) P s oMK G H K WN o T
= | In T om T L.M e TWE e o TN e e Flo e
™ B- B! B- H|oF| ©

3l

2

ale]

o

=

o

=

pixellated gamma

Aol el o] &AHHA

=
T

Compton scattering,

A7

-

o

i

)

aff oF

5

3y

PN
T

proton therapy,

detector, gaseous detector

U

5

=

o

=
=

prompt gamma,

o]

%

9

HEEZE A8 Foltt, 3 34




il

ol

w7

or
o
e
iz

P

3} Wi

=N
[}

471+ PET

=
1

o}

o|J

—_
fi%e)

T
a

A e e AA

EL

J7HA A

AY2
JO

ki3

AAF ol

1
o

1] A

el
;OO

\.m.o

JJo

3
il
K

o)
)
°

<]

—_—

iy

o) 5k5]l MC-50 Abo] 22

==
=]

) HiES 9%

=
=

71 A4

e
A
paal

mK

;On#

rzel
Nr

B
%

skl CsI(TD v =

1/%]

37
S

tel

)

o A4k wtel] 27

‘ZTI
—_

e
)
—_
o

=0

=

e PCB+=

fite)

bl
e

el

ol !
° 3
A ~
i a8
ol m
" o
Tl
L
< =
el —
il =
= k)
o
o =
~ i)
A e
ol
A\ H._ |
—_ —
1m_ 0
ﬂ”u el
i
A o
! —
N
Nluﬂ _z_.E
el ot
% T
= 1l
w0
N gl
o o E
=
5
=
3o ®
IS =
T T oo
[ ] [ ]

o)

Aol 2 REE

F A¥ oA

L E T

et

s 2

N
Ny

T

EEE)

el
of

o)
e

Pq
o« B A

1 7}vi 2}

SEL]

1|

]

B
olo



SUMMARY

The proton beam has the advantage of distal dose falloff over conventional radiation
therapy modalities using photons and elections. However, it can be disadvantageous
unless the falloff location matches accurately with the distal end of tumor volume. In the
early stage of this research project we chose to measure prompt gamma emitted in the
orthogonal direction to the beam using a collimator to locate dose falloff location. The
collimator system could be used to demonstrate correlation between distal dose falloff
and prompt gamma distribution, but it is difficult to be used in practice considering that
the system has to be moved when the therapy beam is scanned. The system in fact
has to measure both the direction and location of incident prompt gamma to be
stationary. We chose to use a newly developed Compton gamma detector system
consisting of a time projection chamber (TPC) and a position sensitive gamma camera.
TPC is a gas detector with a printed circuit board to track scattered elections. We have
performed extensive Monte Carlo simulations using GEANT3 to evaluate the use of the
Compton camera to detect distal dose falloff and also to optimize the geometry. The
result predicts that the number of gamma detected at a beam current of 5 nA is
around 2000 per sec. Also, effects of dimensions and energy resolution of each electron
and gamma detector on the efficiency of the whole detector system were evaluated.
Based upon simulation results, a pixellated Csl(Tl) detector with position sensitive PMT
and electronics to manipulate the signals are fabricated for testing. It is beyond the
scope of user program to fully develope the system, and thus we studied key
components of the system.
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