
1661 

wet A- Il-era-r far F”rvlr- -IlI=heraEry 

A.E.Bolshakov, K.K.Cnosovsky 
Institute of Theoretical and Experimental Physics 

B.Cheremushkinskaya 25 USSR 117259 Moskou 

Theoonceptualdesignofthecomp~tH- 
sylxzhrotm for Pmh therapy .* 
pro&os&. Main features of thz 
accelerator are small size, simplicity in 
contm1 and maintenance and possibility to 
be vertical placing on the wallofa m. 
The stlucture and main parametels are 
described in this project 

1. IwRoDIxXIoN 

Main features of the accelerator for 
piotontherapyhavebeendeGcribedin[l]. 
It is to be very simple in design and 
operation. Ek?lou we consider protan 
i5yncbmtIwrl St- which has several 
important advan-es as ccmpamd with the 
accelerator described in [l]: lesser 
aion .of the accelerator on the whole. 
the r3Fsdbg lLs3gnet.R and qua&upoles, 
simple betatmn tune13 co-ion. This 
t3ynchmtron is3 aclapted to vertical 
mamting and vertical disposed beam 
transfer lirres and tmianent roo1I16. 
However, a few ccutplicatians are take 
pliDe in this echeaoe: the ccpmplicated 
process of E&U extraction because of the 
lesserbeamsize,greaterinte.r&tyoftbe 
injected beam, preMnce of the qm1es 
in aoceleratir structure. 

2. ACCELERATCR~ 

The parLicles are -1erated * 
following way. H- ions of -12 l%V eneg 
are injected into +Alf3 wt=m, 
accelerated up to the erbergy required, 
guided to one of the inner ae 
targets by usomentum-field disadjurrtment 
and/or lazal horizontal orbit distortion 
(a~)andejectedf~tbesync&otron 
by the main fields of the bznding magnets. 

The -two triplets of the quadNpoles and 
edge fields of bending magnets are used 
for beam focusing (edge faing). Such 
focuf3ingsdremeprovidessmalld%z&nf3 
oftLaoceleratorandlesseraper-tazesof 
Q=bendingaaagrmets=ld qlXhupolef3. The 
f3ynchmtIul-l has fair lang straight arKI 

eight short straight &ions what is 

y?&h p1ace the injection-ejection 
accelerating station and beam 

correction elements. Main parameters of 
the accelerator are given in the Table 1. 
TIansW%rSe motion function for one 
superpericd may be seen at the Fig.1. 

Table 1 
Main synchrotlon ~acxramkr;l 

Intensity.........................lOll.p/ s 
Particle TV ......................... ..R 
Injection energy....................1 2 Mev 
Ejection ener~ly.................7~25 0 MEV 
Repetition rate .................... ...5 Hz 
Flat top duration....................3 0 ms 
Orbit cira;rrmferenoe.................35.2 m 
t4umlxx of superperiods ................ ...2 
supe1-pericxl st;rucm: 
OrPOzm2mrB10l* Bl,B - the edge 
vertical fwusing magnets, F and D - 
focwiirlg and defocusing cluadrupol=, 
==ad.bglY, 0, 01 and 02 - straight 
sections 
01 leng~l.........................-..l- 5 m 
02 length............................O- 2 m 
0 length.............................O.4 m 
Total number bending magnets............1 0 
Field 1-h of B....................3 .O m 
Field length of Bl.................. 1.5 m 
Wge angles of B XKI B1 (on entrance and 
exit)............................O.2 8fj rad 
s ~2 field grwiient ......... ..O 

Injection field::::::::::::::::::::03i~; . t%xnwm field..................~...O: 636 T 
Field gradient lengths of F and D-.-.0.2 m 
Normalised gradient for P-lens.....2.5 m-2 
NormaLised gradient for D-lens.....4.6 m-2 
&&HUJJI field gradient in len.ses..ll.2 T/m 
Horiixmtal tune, Qr..................O.717 
Vertical tune, Qz...................-l-23 5 . tfaxmm value of 6r in magnets.......8 .l m . t4axmum valu13 of Bz in magnets.......5 .O q 

. Mamma of dispersion in magnets....ll.5 q 

Transition ~rgy...................absen t 
chmoaticity dQ/(dp/p)r,t....-0.16; 3.2736 
Aperture inmsgnets R*Z.........12m 5 I& 
Half-ape- in lenses...............5 ooml 
V~........................5-lo-10 Torr 
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Figure 1. Transvem u&ion function for 
one E$ugwperid. 

coRREjcTIoNSY~ANDB&AMToTAw;ET 
GUIDItG 

The follcwing arrectiun syd m-z 
provided in the accelerator: 

1.. Pi.rf3t WCS of torizontal orbit 
distortion coe[RJ, sinlR1. 

2. First hanwnics of vertical orbit 
distortim ms[ZJ, sin[ZJ. 

3. CEhmmQrtQz = 2 
4. Tunes. 
For correction of horizontal distxx-tions 

and tunes, ccmpl-tary winding at 
bending magnetxi and s-J= are 
pmvided. Also, theannpl-tary windings 
in magnets wrve lx pmduce the tx;lprp for 
guiding of beam to the hr mcharge 
Z.Z?~ The *targets are placing in 

sectJ.ons "u" _ For vertical 
distorticx~ correction horizmtal field 
cxx-mctors are pmvided. To correct the 
sum-f3keuquadnlpolel3areEcerved. 

A-TIONSYm 

The EQTKX-D~~~~ acceleratss ions to 250 
Mev aexgy in 100 VEX. 1.4 kV ~1%e is 
mquimd for 30" equilih+m w, and 
mrmentalm spd dp/p is to.3.x. The 
-torsareplaceintzForke~balring 
straight ~ticcx3 01. The rest two 
sections 01 are intended for injection 
syatan. nain parameters of tbe 
acceleration syxtap am pxwben ted in the 
Table 2. 

Table 2 
Acceleration sy-stemparamet.er-13 

Harmonic n~r..........................2 
Frequency d-range of RF......2.71+10.46 HHz 
Aooeleration time....................0.1 8 
Acceleration voltage................1.4 kV 
Equilibrium phase.....-................30" 
Numberof resonator (on in r-e8erve)......2 
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