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ACCEL ERATOR FOR PROTON  THERAPY
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G.I.Razkikh, G.I.Klenov, R.A.Meshcherov, V.S.Rybalko (MRTI)

Abstract

Froton radiation  therapy nowadays has aguired
considerable experimental  experience. Thet e are
several medicire centers o the world, and the total
amount of the cancer and endoocrinological  patients
preeds 1AM, With protons, radiation lesions can be
confimed 1n a well defined wvolume with sharp
toendaries what can be achileved because protons  have
defined range n tissuwes (depending on their energy)
nall  zide scattering. S, the
poesibility arises  to work: near the vitally
sigrificant organs, that 15, to treat intraoccular,
b ll and some other targetes which can not be
1ated by vs=ual methods.

[ W e transition beqins from proton
treatments at the accelerators tuilt (and., mostly,
vised) for physics to the treatments at specially
designed medical accelarators. The  first of  such
celerators has been constrnucted 1n Loma Linda (US).
3 oproasct  of  such & accelerators am LGS 15
; dered by [TEF and PMRTI (Moscow) . The accelerator

andd haee only =

= s E =t sicws . after apryoval. is to be  followed
tr several sunilar nes.

Medical acoelerators have to meet some specific
resprirerments. They must be cheap., vervy relyable and
woeptionelly saeple 10 control and maintenance.

Wer describe here some features of the accelerator
wER ar e OO der g,

Geoeral festures

The energy of the proton beans produced Gy
medical accelerator s to e regulated  between 70
g T Mev. As

goxd  to start with high energy protons and  to

experience has showrn, 1t 15 not

drsgrade them after erection to the ensrgy  reduiired.
= 2ty rathec big o background  due
ton
a2nd to bad protoo ereegy seoectra, ho. the pe
tor be erected from the scoelerator with energy
for each patient. 78 Mev  eneroy
ficial tumors wheress D00 Mey  ds
ghe the Fuman body. Suach an energy
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1 renuar et for wery nacroe beaass. bhad
ser whet bean broadeaing 1s more  dangerous then
e badi by beindg the target. Tt e imposcible.
aly, o excluwde 2eracdiation of tiseuss  in the
fromt of the target. But  one has  to notice that
1o ratvon rise to the end of the ramge (Bragg e

wexh i

lezdds for proton 1eradiation: to smaller front tissoe
damnage than that for ganms- or electron treatments.

Accelsrator Antensity as to be enough to treat
102 patients a day what, as it seems, 1s reeded for a
tag city. The construction of  the accelecator  mast
facilitate beam transportestion to  several trestment
patients. Clinical
facility 1 moch more effective if 1t includes
sevieral treatment rooms working simul taneously.

Several problems of beam ejection and
transportation are simpler if H —ions  are used  for
acceleration {1}. These 1ons are ejected from the
accelerator after recharging in a target. With H
acceleration, the magretic field induction im dipoles
15 to be significantly deminished as compared
to paeretor syrichrotrons, and the accelerator
clrcumference subsequently, rises, what taums out
to be rather an advantage than a drowback for a
facility of a rowd lay out (see Fig.i1).

~ooms adapted for different
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Fig. 1 Froton therapy facility
Imter. cr.— intracraniel wunit
- pelvise it
£ - eye unit
G -~ gantry unit
f‘ﬁK - experimeEntal (wovestigation) room

It oie significant also to design the accelerator
o sueh a wav,  that patient  treatment an every
procedure room does not depend on what 1= being  done
in ather roces. The 5 Hr freqguency allows to send the
bezam irn each room every secand even if  all 5 rooms
are  working simultaneously. Such a regLmeE 1s
prwevitable of the bean e scanned over  the target
cring trestment.

We are goling to scan the bean throught the area
aa owerll as by range. The scanning is done at  field
flat tops which are of 7@ ms duration. To make
complicated dose fields one needs a chopper  which
Ficks the bean out when the intensity is big enough
o whernn the beam with the given enetgy is rnot
recuired 1n the target part scanned.

focelerator structure

Farticles are accelerated in the following way.
H —1ons of ~12Mev energy are injected into  the
synchrotron, accelerated up to energy reeded, guided
to one of the inner targets by means of & local orbit
distortion (a bump), then recharged and  led out of
the accrelerator by the leading magrnetic field.

Edge fields of bending magnets are used for  beam
focusing (edge focusing). Suach a structure has  a
runbet of advantages compared to stromg  foousing:
spaceCcharge forces are smaller, the dispetrsion
function (y—function) increases, and the whole design
is simpler {there are no quadrupoles). The
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synchrotron nas six long straight sections what  1s
enough to place wjection-erection devices,
acceleration stations and beam correction systems.

Basic accelerator parameters are gilven 1n the
Table 1. The transverse orbit functions for structuwre
per-iod are presented in Fig 2.

Table 1. Maan synchrotron parameters
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Intensity.. oo oo 12 p/s
Farticle typPe.cc e eroee e rrarannanan H
INJECtion enerOY. e ve cusve e enesan 120 Mev
Ejection energy..coee e eiennrennnaa. T-250 Mew
FRepetition rate..c.eeereenonnnen..

Flat top duration...........ooou.

Orbit ci-cumference..

Nunber of superpericds.. ... ... ... &

Superperiod structure
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B are sector bending magnets,

81* edge focusing bending magrets,

D1 2 straight sections:
D2 = T T P Ui P 11
Cl1 lergth.cewrneeanaas e eraacran 3.4 m
Horizontal e, B ceerirninnaninas @.7a%

T
Vertical tune, O ..oooiianianaa. 1205
Transition energy...coevesenenacaaean c«b-::,f?rvt
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fFig. 2 Main orbit functions

The succeeding magnetic blocks BiE'H.E{E(B1 are

mowtted on the same frame (their total nuember is  18)
and are energized by a common main wirnding.
Acceleration is described in detail in [2].
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