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The 6-<.M:t Cydo:tll.on adap:ted 6M Neu:tll.ontheJr.apy 
weJr.e uf.>-<-ng :the Veu:teJr.on/BeJr.YUWm Ileac.tion. 

Now, :the Cydo:tll.on Ilec.erztiy -<-Vlf.>:ta.iled M p.fanned 
:theJr.apy, aile uf.>-<-ng :the Pllo:ton/BeJr.yUWm Ileac.tion 601l 
ec.onom-<-c.M lleMOVlf.>. I:t ~ :the c.Me at :the NEUTRONTHE­
RAPY UNIT -<-n Oll.l'.eaVlf.> Hof.>p~ -<-n Fllanc.e, weJr.e :the 6M:t 
Neu:tllOVlf.> pIloduc.ed by :the ~OC.hIlOVlOUf.> Cyc..fo:tll.on 06 CNRS 
(CGR Mev 680 Type) aile obta-ined with 34 Mev PIlO:tOVlf.> on 
a BeJr.y.l'.Uum :taIlg e:t with an adMtio nM po.fy:thene 6U:te/l.. 

S-<-nc.e :the 18:th 06 f.>ep:tembeJr. 1980, we ~pof.>e 06 a 
VeJr.tiC.M dOWVlWaIld neu:tll.on beam, pIloduc.e by -<-nteJr.ac.tion 
06 a 34 Mev pIlo:ton beam, and a :th-ic.k taIlge:t wdh 40 rA 
c.uflIl ent . 

Room 
f't7.Ner Supply Room 

Fig.1, Fa cil ity layout 

We have 4 Unef.> 06 beam at OUll ~pOf.>M : L-<-ne 1 
~ uf.>ed :to plloduc.e f.>hollt ~ved Ilad-<-o~o:topef.>, Lwe 2 
~ ma-<-rt.I'.y uf.>ed 601l ac.tivation exp~erta, Une 3 ~ 
uf.> ed :to pIloduc.e I lJ ... l., at .fM:t, L-<-ne 4 ~ -<-ntended nOll 
N eu:tll.o ntheJr.apy. The :til. ea:tm ent 1l0000000GR Mev) (Mg 2) 
bMW -<-n :the undeJr.gllouYid, undeJr. :the beam c.~ng Iloom 
hM an appllOx-imate f.>-<-ze 06 4 x 4 m and 2. 5 m hught. 
It ~ ~o.fated nllom ouu-<-de by 2 m 06 v-<-bllated c.onMe.te 
and :the -<-VlWay .foc.k-c.hambeJr. a.l'..e.oW6 06 a c.h-ic.ane :to avo-<-d 
f.,ta66 'f.> ~ad-<-ation. 

The ma-<-n C.O~atoll (F 3) ~ Mxed , and made 06 3 
MIlU 06 mateJu.aE : 61l0m up f.>-<-de :to down f.>-<-de, we Mvd: 
S:teu, pUIle han, BaIly.tP:and bOllan c.onMe:te 6M :the ~­
W pall:t, wh-ic.h ~ f.> haped ~ke a hexagonM wa.U.f., pylla­
m-<-d. The f.>ec.ondallY C.O~atoll , all I Vlf.>eJr.u, aile movab.fe 
and de6-<-ne :the ~ad-<-ation n-<-e.i'.d. They aile made, 601l 
:the uppeM-<-de pall:t aS an epoxy Ilef.>-<-n c.hallged wdh glla­
nu.fall f.>:teu and 601l :the dowVlf.>-<-de pall:t, 06 :the f.>ame Ile­
f.>-<-n c.hallged wdh bOllax . The Uf.>e 06 :thef.> e :two :typef.> 06 
mateJr.-<-aa hM been Ilec.omme.nded by J . P. MEU LVERS. 

The IVlf.>eJr.:t ~ ac.:tua.l'..e.y made 06 2 nef.>ting pallU 
:the ma-<-n -<-Vlf.>eJr.:t Uf.>ed 6M a.I'..e. f.>ma.l'..e. Mudf.>. The f.>ec.o nda­
Ily IVlf.>e!l:t f.>peuMc. 06 :the w~hed Mud. The who.fe Uc.on 
dally -<-Vlf.>e!l:t ~ movab.fe Mong ill veJr.tiC.M ax~. 

F-<-g. 2 : Tllea:tment Iloom 

DWYTCOIrnCTt 

CJ ... 

Fig. ;) 

The :taIlge:t (F 4) c.oVlf.>~ts61l0m uppeM-<-de :to dowVlf.>-<-de 
06 : A Ile:tll.ac.:tab.e.e a.i'.um-<-na a.l'..e.ow-<-ng :the adjUf.>:tement 06 
:the pIlo:ton beam on :the :taIlge:t be60lle ~ad-<-ation. 4 
f.>~ c.oveJr.ed with tan:ta.e.um and Mf.>-<-gnW :to :the c.ontllo.f 
O[7I1e beam f.>:tab~y d~ng :the :tIl.e.a tJrl ent. To eVlf.>ulle :the 
Ma-<-Mng 066 06 :the poweJr. by :the beam (1.5 Kw), :the :taIl­
ge:t whof.>e d-<-ame:teJr. ~ 50 mm C.OVlf.>~ts 6!tom uppeM-<-de :to 
dowVlf.>-<-de -<-n : 3 mm BeJr.y.l'.Uum, a 0, 5 mm :th-ic.k f.>~p 06 
deionized wateJr., 6mm BeJr.YUWm , a 2nd f.>~p 06 wateJr., 

a. 3mm :th-ic.k f.>~P 06 c.oppell wh-ic.h eVlf.>UIle :the vac.uum­
tightnef.>f.> -<-n :the c.onduc.ting tube. The Ilemo:te c.ort:tll.oUed 
0hellatw 9i~ndell a.l'..e.owf.> :the -<-ntellpof.>-<-tion 06 V~OUf.> 
a. Mllbarta. 
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Fig. 4 

-<'1'1 the?- be?-~. The?- .ewn-<'nou~ fJ-<mu~ation fJafJtem C-OnfJ~U -<'1'1 
an heV:oge?-n famp and a 6He?-d mvUWIl ma e?- 06 cV'.um-<.n-<-ze?-d 
pfe?-x-zgfaM. The?- ~ad-Zation mon-Ztollage?- ~ e?-nfJulle?-d by a 
-zon-Zzation c-hamb"-ll 
The?- c-oli-Unation fJyfJtem -znh"-lle?-nt 6~ation th"-lle?-601le?­
C-OnfJ~U -zn: The?- pfe?-x-zgfaflfJ m~oll,the?- taIlgu C-Opp"-ll 
fJWp" and the?- mon-Ztoting c-hambCZ-M. 
F OIleuw.l to be?-, M a Ilouune?-, UfJ e?-d by a man-<-pufatOll the?­
me?-d-zc-eV: c-ommand d"-flQ ~ Ilan by a m-ZC-IlOpIlOC-"-flfJOIl and 
~ c-onc-ept ~ M dOfJe?- MPOM-Zbfe?- 06 the?- linae c-om­
mand d"-flQ. 

The ma-<-n phYfJ-zc-eV: c-hallau~uC-fJ 06 the?- be?-am Me?­
fJummw>iz.ed in table I 

INTERACTION 34 Mev P / Be 

BER:YILIUM 'rARGET TIlICK 9 mm 

PROTON BEAM CURRENT 40 ~ A 

ADDI'rIONAL FILTER : POLYTHENE -50 mm­

COLLIMATION FOR FIELD SHAPING: 
Fe + Polyester + Borax 60 em 

S.S.D 135 em 

wl1H A 10 x 10 em FIELD AT S.S.D 135 em: 

TISSUE KERMA IN AIR: 0.17 Gy.min-1 

GAMMA COMPONEWr IN AIR; 6.5 % 
2 DEP1H OF 50 % DOSE: 11.8 g em 

PHmroM shonka 

The?- -zn6fue?-nc-e?- 06 the?- v~ation cb the?- d-Z66elle?-nt 
pallamuCZ-M ac-c-olld-Zng to the?- 6~atiQn th-Zc-Qn"-flfJ hM 
be?-e?-n fJwd-ze?-d: wdhout any ri~ation,the?- dOfJe?- Ilate?-
~_,_Q~~_~y~~J~:~:----- - -----------------------

Be?-601le?- the?- tIle?-atme?-nt 06 the?- patie?-nU,we?- have?­
c-ompalle?-d the?- b-zofog-zc-eV: e?-66e?-~ 06 OUll be?-am wdh thOfJe?-
06 the?- Ve?-ut"-llon 6-z6ty Me?-v ne?-utIlon be?-am 06 Louva-<-n La 
Ne(we?-(PIl WAMBERSIE, BELGIUM). 

We?- have?- c-ompalle?-d the?- E.uative?- Ji-zofog-zc-eV: E66e?-c-uveness 
vaiu"-fl 06 the?- two be?-am" !lOll e?-aJcfy tof"-llance?- -zn m-zc-e?­
a6t"-ll tota-t body and abdom-zneV: ~ad-zation -zn one?- and 
many 6Ila~onfJ.The?- b-zofog-zc-eV: ~~on ~ the?- L.V 
6-z6ty(VL 50) at the?- 6-zve?--fJ-zxth day a6t"-ll ~ad-Zation, 
the?- 1le?-6"-1le?-nc-e?- be?-am aile?- the?- fJ-zxty Cobalt Gamma RaYfJ. 

The?- de?-ath fJC-OIle?-d at a g-zve?-n t-<me?- att"-ll ~ad-za­
uon C-OM"-flp~'ndfJ to a g-zvcn fJUIlV-ZVeV: fe?-vu 06 -znt"-flU­
neV: fJtem c-uu. 

On figure 5 ,the?- C-MVe?- on the?- tight ~ the?- b"-flt the?-cre­
t-zc-eV: c-e?-ffufM fJUIlV-ZVeV: C-UIlVe?- 601l the?- -znt"-fluneV: Mcm 
c-e?-~ ~ad-Zate?-d by Gamma,,_'bta-Zned 61lOm a fJ~G'306 cx­
PCfUe?-,:C-"-fl ~n 4Ila~onate?-d ~ad-Zd.{on up to twcnty 
6Ilac-UOnfJ. It ~ dC?-fUvcd 61l0m me?-MM"-fl 06 -ZnC-lle?-M-zng 
06 the?- LV 50 whcn Qe?-e?-p-zng the?- OVe?-llall t-<me?- C-OnfJtant­
~ac-h 04 the?- 6llac-uon 06 oull ~ad-Zation -zn N 6lla~onfJ 
-0.\ f>pid ~n two f>ub6Ila~onfJ Mpallatcd by thlle?-e?- and 
heV:6 houlls. 
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The?- dOfJcd wd"-fl on t~ Gamma C-MVe?-, c-oM"-flpond to 
the?- Gamma dOf>"-fl p"-ll 6Jca~on obta-<-ne?-d wdh the?- RBE 
cxp~cnU 06 Utty Me?-v neutllOnfJ, 6 Oil ~/Ulad-Zation -zn 
one?-,two and te?-n ollaC-UOnfJ. 
Lctt 06 cac-h 06 them,onc hM rut the .. c-Qr"l'" 05 po nd-Zng 
neutllon po-znt, w-zc-h allOWf> to tIlaC-Q .. the?- b"-flt ne?-utllon 
C-W f>UIlV-ZVeV: C-uIlVe?-. The?- down C-MVC ,5howf> the?- v~atiG1 
06 the?- RBE e?-xpe?-c-tcd 61l0m the?- c-omp~on bctwe?-cn the 
two C-W f>UIlV-ZVeV: C-MV"-fl obtciUne?-d -zn t~ way.Af> one?­
c-an Me?-,the?- f>tall UQe?- po-znU 601l cXP~e?-nU w-zth PIlO­
ton t~y SOUIl Me?-v ne?-utIlOnfJ 06 OUe?-anfJ c-an be?- e?-ve?-n..tuae .. 
fy m-zxe?-d wdh thOM 06 Louva-<-n La Ncuve ... 

FOIl toteV: body ~ad-Zatiovi -zn a f>-Zvlgie?- 6Ila~on,-z6 
onc,c-onfJ-zdCZ-M thc dOf>e?- f>UIlV-ZVeV: C-UIlv"-fl at 30 daYf>, 
tak-Zng afl h..undlle?-d PCIlC-e?-nt thc f>MV-ZVeV: at the?- 7 th 
Oil the?- 8 th day, one?- obf>"-Ilv"-fl an hematopo-zcuc- Ruative?­
b~ofog'~c-eV: E66e?-u{.vn"-flfJ 06 one?- po-znt 60M, one?- po-znt 
6~vc,Ile?-a1Iy-zn6~01l to thc {.nt"-flUneV: R.B.E. 

! Figures 6 and 7 havc be?-e?-n lle?-aUzcd -zn the?- p1l06e)' 
Mil WAMBERSIE'f> fabOllatOlly - Lcuva-<-n La Neuve?--). 
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Rad-ULti.on6 Mound -the. Ne.u;tAon-the!tap~ uvU...t 

Me.MWLe/.> 06 ILadia:tion6 Me. e.66e.C-lliat;ed by means of 
a ILe.m-c-oun-te!t mode.l 2202d Sllidwic-Q and an ~oniz~on 
c-hambe!t nOlL ne.u-t/Lon and gamma. The. c-o.ti'..-i.ma-tOIL ,u, e.quAp­
ped wah ill ~n6eJt-t 06 15 ",15 C-m. Figurei58 - 9 ~how 
-the. ILe/.>uffi 6 OIL -the. gILoundMoolL and -the. bM e.me.n-t ILe/.>­
pewve.ly . Con-ttLolie.d Me.a C-On6,u,ts 06 bMe.me.n-t and C-atL 

ry lng be.am ILoom. 

Fig . 8 

SUI I 1140 l c~r!C1 10li 

Fig . 9 Fig . 10 

Re.~~dual ac-~va:tion 06 -t/Le.a-tme.n-t ILoom . 

Figure 1 0 ~how~ -the. awvay 06 c-o.ti'..-i.ma-tOIL a6-t;e!t 
an ~adia:tion. Th-U, awvay ,u, c-aMe.d by ILadionuru­
de/.> ~uc-h M 150,11 C, 56Mn . The/.>e/.> ILadionurude/.> Me. -the. 
ILe/.>UU 06 awva:tion 06 oxyge.n, c-atLbon,irm ~nc-olLpolLa­
-te.d ~n -the. c-o.ti'..-i.ma-tolL.Be.c-au~e 06 good pILo-te.c-~on ac-­
c-OILde.d by -th-U, one. ,w~ 06 -t/Le.a-tme.n-t ILoom Me. ptLac-­
~c-aliy no-t awva-te.d. 

Awva:tion 06 ~ ~n -t/Lea-tme.n-t ILoom. 

TabLe II 

-t/Le.a-tme.n-t ILoom . Radio nurud e/.> Me. -i.de.~Me.d and me.MLt 
ILe.d by Ge.U gamma ~pe.~omWc- analy~,u, 06 ~mali ap­
ptLO pfL-i.a-te. -taJtg w . 

ChatLau~~~ 06 -t/Le.a-tme.n-t ILoom: 
-To-tal votume. : 53 m3 
- IMadia-te.d ~ votume. unde!t c-o.ti'..-i.ma-tOIL [wah ill -i.n-

~eJt-t06 15-><15 C-m) : 0.080m3 
-A-i.fL -tWLnove!t : 7 [-i.n ILoom votume. by hOWL) 

41AIL ,u, -the. only ILadionurude. -to e.xQe.e.d -the. M.P . C. -
40h a-t ~a-tu!La:tion. 16 -i.nc.fuding ~ -tWLnove!t,~ dilu­
~on and -t-i.me. ~adia:tion,c-onc-e.n-ttLa:tion 06 -the/.>e. ILa­
dionurude/.> Me. we.li be.ne.a-th -the. Max-i.mum PeJtm,u,~-i.b-fe. 
Conc-e.n-ttLa:tion. 

Ali me.MWLe/.> Me g-i.ven 601L a 34 Me.V pILo-ton be.am a-t 
-tMge.-t -i.n-te.n6ay 40 r A. 

AIR PRODUCT HALF- NUCLEAR SPECIFIC ACTII'['!'Y * * \':"C .J!' ;; 

CONST [TUA/ITS RADIONUCLIDE LIFE REACTION AT SATURATION (f:q/"'/') (R! II';" J 

Nitrogen 13/1 9. 97rrrn 14ll(n , 2n) 2 . ,1 10' ·1. 8 1(/ 

Oxygel1 16
N 7.148 160 (n , p) 7. ' l Oti *. R.l 1(/ 

"0 2. 05mn 160 (n.2n) 1. 7 1(/ /. 1' , 10;' 

r:n.1'lxm "e 2_ 12C (n. 211) .3.8 10
2 

:~ . /; W,; 

Al'gol1 41Al' 1. 8Jh 40Al'fn.y) 3.4 10' ,1.1 }()' / 

39
Cl 56. 2mn 40Al'(n..p) .3.4 10' 1.1 1f/' 

"S 5 . 06mn 40Ar {n . (J) ,', 0 10" · 

. Estimated . . . AII£'l>ag.:? concentration in the irradiated tJO~ume (under collimator ) . 

Tab~e II 
Fig . 11 shows the dose measured outside the fie~d in a 
po~ythene phantom. 

100\ 
Fig. 11 

PATIENT'S RAOIOPROTE CTiON 
OOSE OUTS IDE THE flEW 

II; ~ POLYTHENE PtIAWTOM 

2c..tdf.p.t}t -
IOtlOem flEW SIZE JOcm • _____ _ 

2CJ11dt.pth-.-

'01 
ISt/SCJII fl EW SIZE JOcm • __ _ • __ _ 

'I 

The. runical ~llidy hM be.gu..n ~-i.nce. -the. 20-th 06 JanuaJuj 
we. have. -t/Le.a-te.d pILe/.> enilL{ 30 pa:tie.n.-t6 -i.n phM e. I ~llidy. 

We. u~e. -the. ~ame. ptLo-toc-o-f M Louva-i.n La Ne.uve. : 
9 OIL 10 Gy e.qu-i.va-fe.n-t Gamma -i.n 5 6ILac~0n6 a wee.Q , 

3 Ne.u-ttLon , 2 Pho-ton6. 
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