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Summary Status report on the CNRS Orleans' cyclotron. 

1. Introduction 

This status report summarily describes the cy
clotron, the beam lines and the irradiation system used, 
and shows the results obtained in 1984 and 1985. 

Previous to this period In 1982, we installed 
beam plugs on the beam lines. This improvement enabled 
us to incrEease the beam production from 1500 h (1981 -
1982) up to 1700 h a year approximatively (1'i83 - 1984). 

In 1985. we had to increase the beam production 
up to 1828 hand 62,5 % of the total time. 

We could obtain these results by drastically 
limiting the developing time which is now only 3,5 % 
of the tot al time, and by reducing as much as possible 
the preparing time of the beams. I uckily we had very 
few break downs during this period of inU,nsive use of 
the machine: 5 % of the total tinw as opposed to the 
usual 7 %. 1 'i85 will certainly be a reference year, as 
it will be difficult to produce Emy more beams in the 
2 shift-system in use in the laboratory (6 h-14 h, 14h-22h). 

Effectively, we will 
veloping time in the future, 
and fiability of the machine 

have to irlcrease the de
if not, the performances 
will dangerously decrease. 

In compensation we may be able to reduce thr' 
average preparing time, by developing an automatic control 
system for the cyclotron parameters. 

2. The cyclotron (CGR-MeV 680 type) 

Performances and characteristics of the machine 
can be summarized as follows in table 1 and table 2. 

Table 1 Performances 

ENERGY 

Proton energy range 
Deuteron energy range 
a p~rticle energy range 
'He energy rangc 

INTENSITY BEAM : 

5 36 ::: I 5 25 
10 50 MeV 
10 60 MeV 

Maximum extracted beam intensity for j 
protons and deuterons: 55 !-LA 

Maximum extracted beam inLensity for 
particles and helium 3 : 10 !-LA 

--~---

Table 2 : Characteristics 

Electromagnet characteristics 

Weight (metric ton) 
Pole diameter (m) 
Number of spiralled sectors 
Gap maximum (cm) 
GdP minimum (cm) 

110 
1.60 
4 

27 
13 

Maximum average induction at the extraction 
radius 67,5 cm (kG) 

Number of ampere turns in the main coils 
Number of trim coils (pair) 
Number of harmonic coils (pair) 

Radiofreguency : Range from 20 to 40 MHz 

Number of dees 
Numbcr of cavities 
Dec angle 
Maximum dee voltage (kV) 
RF power available (kW) 
Frequency stability 
Dee voltage stability 
Phase stability 

Extraction : 

Electrostatic deflector 
Maximum field (kV/cm 
Angular span 
Magnetic channel 
Gradient corrcctor 

Ion source : Type Livingstone 

15 
250.000 

8 
4 

2 
2 

60 0 

40 
2 x 50_

6 
10_

3 
5 x 10 

! 0.2° 

110 
6,>° 

passive 

Location: internal, vertically introduced I' 

Maximum arc power (W) 800 

The center region is designed for 2, 3, 4 
harmonic operations with a single orbit for all I 
energies particles. ~ 

3. The beams lines 
and the irradiation systems (Fig1) 

From the switching magnet Mo, the beam can be bent 
in four directions: 

3.1. Line 1 (27°30 right) : This line built and installed 
in 1982, is used for short-lived radioisotopes production. 
A horizontal 27°30 bending magnet located in shielded 
room 1 allows us to have two different gaseous targets 
at our disposal. They are connected to the NUCLEAR 
ME [)ICINE uni t where short-Ii ved radioisotopes are used. 
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3.2. Line 2 (0°) : This beam line is mainly used for acti
vation experiments. The end of the line located in shielded 
room 2, can be equipped with different irradiation devices: 

An irradiation system within vacuum. The target 
is cooled by thermal contact with a water-cooled copper 
target holder. The maximum irradiated area is 7 cm'. 

Two beryllium targets: for fast neutron produc
tion. The first one, thickness 1 [) mm to be used with 
a 34 MeV proton beam - Be(p,n) nuclear reaction -. The 
second one, thickness 3 rwn to be used with a 25 MeV 
deuton beam - l:3e(d,n) nuclear reaction -. 

An irradiation system for archaeometry purpose 
allowing the automatic irradiation of a batch of old coins. 
The beam-line is closed by a 25 ~un titanium foil, the 
irradiation is carried out at atmospheric pressure. 

An irradiation system for we~eriments 
with accurate control of the beam position on the target. 

3.3. Line 3 (27° 30 left). This line is used for radioisot ope 
production, mainly for iodine 125 production l

. Its end 
is located in shieldpd room 3. 

In this room irradiation is carried out at at
mospheric pressure and the beam linp lS closed by a 
25 ~HTI titanium foil. Ahead of this foil, an automatic 
irradiat ion system allows the irradiation of solid targets 
with high intensity beams. 

A pneumatic transfer system connects this irra
diation system with a hot cell located in a high activity 
laboratory. A control unit in the hot laboratory enables 
all the irradiations snd handl ing operations. When the 
rabbit in which the target is, has reached its irradiation 
posit ion, two jacks automatically connect it with a water 
circuit: 8 b, 4 l/min, clfld the back surface of the target 
is water-cooled while the front surface of the target 
and the titanium foil are cooled by air or helium gas: 
the irradiated aff~a on the target is about ') cm 2. 

3.4. Line 4 (45 0 left). This line was added in March and 
April 1980 and is used for NEUTRUNTHERAPY 2. 

After a horizontsl 4:'° (M
1

) bending and a vertical 
9[)o (M 2) bendm~, the beam impinges a 5 mm thick be
ryllium target 4. It IS composed of a 11e disc '; mm 
thick and of a carbon stopper disc 2,) mm thick WIth 
water under pressure (Bb) in-between the two so as to 
ensure an efficient cooling. 

(Ourinq the running period, the target is hit 
by a 54 MeV proton beam with 40 ~lA intensity). This 
cooling waU,r comes from a circuit different from the 
others (water activation). The tarq"t is continued by 
s movable mechanics I system which allows to interpose 
polyethylene filters in the neutrons bearn (Jow energies 
filtrat ion) or a lead she,d (, crn thick ( protection during 
patient positioning). Afte'r the latter system come thE' 
ionisat ion chambers for rnonilorlng the treatment, and 
the vertical neutrons collimating system located in the 
treal ment room in the basement of the N~UTRONTH[
F"APY unit. It is composed of 3 fixed part built in heavy 
concrete, in which are introcJur'ed the inserts whicil deter
mine irradiation fields. The p3tient is treated 1.5'0 m 
from the tarqet. 

4. Results achieved so far 

The lotal tim[~, 2.fJ(]4 h 1:' for 1984 and 2.9Hl h 
for 1985 was divid"d as follows (table 3). 

TClbie 3 shows: 

- the reqular rLJrmincJ of the cyclolron Jrl 19fJ!I, 
as opposed t (J 19f1 S. 

Table 3 : 

1984 
Tote,l time: 2804 h 15 

IRRADIATION TIME 
(Time when the 
beam is on the ex
perimenter's tar
gets) 

1711 H 45 
61 % 

BEAM PREPARATION 
3 beams each day 

457 H 30 
16 5 

MAINTENANCE 
397 H 30 

14 

BREAK 

SCHEDULED BREAK DOWNS h 5 [) 

1985 
Total time: 291 II h 00 

1828 hOO 
62,5 % 

466 hOO 

16 % 

h30-S 

37(, hllU 

1 3 ," 

14" h30-

4.1. Irradiation time: This lime can ll8 cJivided as follows 
according to the type of experiments (table 4). 

Table 4 : 

1984 
Irradiation time 

1711 h 45 

"-UTRONTI-:~r{AP 

(1 ~6 patients 

treated) 

699 h 15 

41 % 

Uc!. tAR MUJIC 

ATFRIALS 
HARACTLRIZA TI 

( Activ. Analysis 
Archaeometry 

Wear mcasurcm .. ) 

B 5 7 h on 

50 ::: 

opr PROD C 

198') 
Irradiat ion t illle 

1828 h 00 

(142 patients 

t",atcd) 

621 h 15 

54 % 

68h30 - 4 % 

1091h15 

59,5 % 
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The distribution of the irradiation time according 
to the type of ions can be divided as follows 

Table 5 : 

1984 1985 

Irradiation 
% 

Irradiation % Particles time time 

Protons 1.378 h 30 80,5 1.407 h 15 77 

Deuterons 275 h 00 16 399 h 45 22 

++H 
3 e 50 h 15 3 6 h 00 < 1 

Ci 8 h 00 0,5 15 h 00 < 1 

4.2. Beam preparation 

Table 6 : 

1982 1983 1984 1985 

Nbr of beams 
186 199 181 182 

days 

Total prepara-
578 h 45 514 h 15 457 h 30 466 h 00 

ting time 

Nbr of beams 
559 582 615 662 

prepared in 
the year 

Nbr of beams 
prepared 3,01 2,92 3,4 3,64 
during a day 

Average 
preparating 1 h 04 o h 88 o h 74 Oh 70 
time 

Table 6 shows the average preparating time evolution 
during the last four years. 

In 1985 we prepared 3,6 beams a day as opposed 
to 3 beams a day in 1982 and the average preparating 
time was 0,7 h as compared to approximately 1 h in 1982. 

This important decrease of the beam preparing time 
(30 %) is hal fly due to the use of beam plugs on the beam 
lines since 1983 and to a higher technical skill of the ope
rating staff. 

4.3. Machine developments: 

- 4.3.1. with the cyclotron running 

The developing time has decreased in 1984 and 1985. 
It now lies around 3,5 % of the total time, and approxi
mati vely 100 hours a year. It is the consequence of an 
important request of irradiation time by experimenters. 
The developing time was used mainly for: 

. Adjusting the accelerating parameters of the various 
beams routinely used after the replacing of the electrostatic 
channel (February 1985) . 

. Formating deflector electrodes and R.F. cavities 
after the various interventions required by the tuning up 
of the electrostatic channel (1985). 

Improving the characteristics of the ions sources 
mainly for the production of alpha and helion particules. 

4.3.2. Without the cyclotron running. 

New electrostatic channel 

The angular span of the new device has been increased 
from 58 0 to 65 0 • ThUS, for a given energy, the electric 

field is now much lower. 

This change is an improvement for the 34 MeV 
proton beam required for NEUTRON THERAPY , and which 
is extracted from the cyclotron with a deflector voltage 
of 46 kV instead of 56 kV previously needed. 

The average leakage current is less important, 
and particularly the sparking rate is not so high as with 
the former device : there are fewer interruptions during 
the treatments. Thus after an intervention in the accele
rating chamber the formating period is much shorter. 
When the intervention takes place on the maintenance 
day : Monday, the 34 MeV proton beam can be used on 
Tuesday evening as opposed to Wednesday evening with 
the former device. 

4.4. Break downs : They were mainly due to the failures 
in : 

- high voltage power supply (10 kV - 20 A) : In 
February 1984, a water leak in the tank which contains 
high vol tage transformers caused many electrical insulation 
troubles. 

The repair couldn't have been possible but for 
the kindness of our collegues of Louvain-Ia Neuve in 
Belgium, who lent us a spare tank at short notice. 

- Power supplies of the : 
trimming coils: C l , C

2
, C3' C 6, H 2H4· 

SWItching magnet M 
bending magnet M 41~ 

- Radio frequency system 

Replacing in the resonant 
sheet allowing the evacuation of 
earth (Dec. 1984 - May 1985). 

cavities, the copper 
RF currents to the 

Replacing the power tubes 800 Wand 50 kW 
on preamplifiers and amplifiers. 

- Beam pipe : Vacuum leakage on the beam pipe 
located at the exit of accelerating chamber. 

- Ion sources. 

- Water cooling circuits, etc ... 

5. Future developments 

5.1. Cyclotron 

Improvement of the cyclotron fiability 
Replacing: 

- the power supply of the main coils (1000 A -
100 v) 

- the power supplies of the correcting coils (250 A 
25 v). 

Construction of an electronic 
automatic setting of the magnetic 
cyclotron and the beam lines. 

rack allowing 
parameters of 

Improvement of the cyclotron performances 

the 
the 

- Replacing the low level stages (phase discrimi
nators modulators •.. ) on the RF system with new devices 
reacting less to frequency and to amplitude . 

- Replacing the center slit by a new one with 
a remote control of the slit width; 

5.2.Beam lines 
Construction of a second beam line for NEUTRON

THERAPY. A new beam line for Neutrontherapy has 
been studied. This beam line would allow the use of 
horizontal neutron beams for treatments. The vertical 
90 0 bending magnet would be mechanically rotating and 
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drive the Be target in its motion . 
Thus a horizontal neutron beam 

for use in a 2nd treatment room. A 
al low the patient's positionning in a 
while a 2nd patient would be under 
2nd room. 

would be free 
beam plug could 
treatment room, 

treatment in the 

Construction of a new irradiation system asso
ciated to a pneumatic transfer for isotope production 
installed in a shielded room nO 1. 

5.3 . Applications 

Radioactivation analysis 

The current trend is to obtain improved sensitivi ties 
in order to study the metallurgy of ultra pure semiconduc
tors (GaAs, InP, ... ) and to establish correlations betwen 
impurities and physical properties. Improved sensitivities 
are obtained on the one hand by using higher energies 
and higher intensities, and on the other hand by developing 
fast and reliable radiochemical separations. 

5 Neutrontherapy 

The New horizontal neutron beam foreseen wou ld . 
a l low a better use of the beam time, with an improvement 
on the treatment quality. 
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Figure 1 : shows the general layout of the machin e , 
the experimental area and beam transport lines . 
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