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Summary 

A K ~ 800 superconducting cyclotron is under con­
struction at the University of Milan. The machine will 
be tested with axially injected beams delivered by an 
ECR source before the installation at the Laboratorio 
Nazionale del Sud in Catania and the coupling to the 15 
MV Tandem. 

The status of the project, with a review of all 
the major machine components and a discussion of the 
difficulties encountered in their realization, is pre­
sented. 

Introduction 

A heavy ion facility, funded by Istituto Nazionale 
di Fisica Nucleare (INFN), is planned at the Laborato­
rio Nazionale del Sud (LNS) in Catania. The facility is 
based on an MP Tandem injecting radially into a booster 
K800 superconducting cyclotron. Two Laboratories colla­
borate for its realization: the Milan group takes care 
mainly of the design, construction and test of the com 
pact superconducting cyclotron and the Catania group 
will provide for the coupling with the 15 MV Tandem, in 
stalled at LNS, and for the construction of the beam 
transfer lines to the experimental hall. 

This accelerator complex will deliver ion beams of 
100 MeV/n for light elements and 20 MeV/n for uranium 
(see Fig. 1). The beam intensities are expected to ran-

ge from 0.5 - 1 10
12 

pps for light ions to 0.5 - 1 1011 
pps for the heaviest ions. The extracted beams will ha­
ve an energy spread of 0.1 - 0.2% with emittances of 
6 - 10 mm mrad and a duty cycle of 2 - 3%. 

The main characteristics of the Tandem and its im­
provements for the coupling with the cyclotron are re-

ported elsewhere (1-3). The general features of the pr~ 
ject and a detailed review of the superconducting cycl~ 
tron characteristics have been presented in several pa-

pers(4-17). Here, for the sake of completeness, we just 

recall the main parameters. 
The three sector cyclotron (1.8 m pole diameter, 

8.6 cm hill gap, 2.2 rad/m average spiral constant, 4.8 
Tesla maximum average magnetic field) has a bending fa~ 
tor K ~ 800 and a focusing factor K

f 
~ 200. Three RF re 

sonators, working in the frequency range 15 - 48 MHz, 
can accelerate the beams with the fundamental harmonic 
(h ~ 1) or secondary harmonics (h ~ 2,3). The dee volta 
ge is on average 100 kV and the installed power for 
each resonator is 90 kW. 

Because detailed discussions on the various machi-

ne components are given elsewhere(18-28) at this Confe­
rence, this paper will present an overview of the pro­
ject and the progress made so far in the construction 
of both the machine and the new laboratory. 

General design 

At the end of 85 it was decided to modify the ini­
tial program for the test of the machine, that foresaw 
the exploitation of an internal PIG source, and to re-

sort to an axial injection of the beam from an ECR sou£ 
ceo 

An axial injection system has been under study from 
the beginning of the project although planned for reali­
zation after the installation of the machine in Catania. 
The ECR source, similar to the LIS source now under con 

struction at KFA Julich (29), will operate at voltages 
up to 20 kV with expected emittances in the range 150 -
300 mm mrad. 

This compact and low cost source, delivering beams 
up to argon, will be used initially for the test of the 
machine and later for the acceleration of very light 

+ 
ions (H

2 
' deuterons and alpha) not injectable from the 

Tandem lnto the cyclotron. A source with up to date pe£ 
formances and delivering also metallic ions can be ad­
ded later in Catania in view of the promising develop­
ment of the ECR source as indicated in Fig. 1. 

The axial injection system has been designed to al 
low the installation of the ECR source in the cyclotron 

pit(18). In the Fig. 2 is shown a view of the ECR so­
urce and of the axial injection line placed at the bot-
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Fig. 1 Energy performances for the Tandem-cyclotron 
complex (full line) and for the cyclotron equip­
ped with an ECR source (dashed line) . 
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Fig. 2 Perspective view of the ECR source and axial 
injec tion system for the cyclotron . 

tom of the cyc lotron pit. A solenoid 8
0 

refocuses the 
ext rac t ed beam at the entrance of the charge state ana 
lysing system . Four q uadrupoles provide the indipendent 
match ing in the two transversal p l anes . A 90° bending 
unit brings the beam on the cyclotron axis where a tel~ 
scopic system (so l enoids 8

1 
- 8

4
) transpo rts the beam 

up to 3 m from the median plane . The two so l enoids 8
5 

-

8
6 

keep the beam confined during the motion in the 

axial magnetic field of the cyclotron. An e l ectrostatic 
mirror inf l ects the beam into the median plane: the mir 
ror has an outer shell diameter ~ ~ 25 mm and operate~ 
up to 17.5 kV . 

DEE 3 

INJECTION VOLTAGE 20 kV 
DEE VOLTAGE 100 kV 
2'd HARMONIC 

Fig. 3 perspective view of the central region for ope­
ration in the h ~ 2 harmonic mode . 

A buncher will be installed close to the yoke hole 
entrance to improve the transmission. (19) 

The central region geometry has been opt imized 
for the h ~ 2 harmonic mode because it allo ws to accele 
rate beams over the fully energy range of the machine 
(8 - 100 MeV/n ) . The possibility to oper ate in the 
h ~ 1 harmonic mode has hovewer been preserved.Accepta~ 
ce of the central region , of the order of 500 mm mrad 
in both planes, matches well the emittance of the inj e~ 

ted beam . 
The configuration of the e lectrodes and the b eam 

envelope are shown in the perspective view of Fig. 3 . 
A general study has been made to evaluate the ef­

fects of the dee-dee capacitive coupling in order to d~ 
sign a control system to assure stable operation of the 
cavities. A neutral ising system has been devised , based 
on the recycling of the disturbing reactive power in a 
closed loop , which does not affect the operat ing charac 

teristics of the RF cavities (20). The study has also 
i ndicated that no neutral i sing system is needed if the 

coupling capacitances are lower than 10-
2 

pF . Efforts 
have been made, successfully , in the design of the cen­
tral region to limit the coupling capacitances below 
this value . Test with the three dee operation will be 
made to confirm the validity of the choice . 

The design of the coupling line betwee n the Tandem 

and the cyclotron has been completed (28). The beam 
transport line , about 40 m long , has been designed in 
modular way to simplify the set- up and the tuning and 
to provide a decoupling between the two machines . 

A two stage bunching sY9':em will produce at the cy­
clotron stripper a pulsed beam with a length of 3 RF d e 
grees . 

Project status 

In the following a general descript i.on of the ma­
chine components , with the emphasis on test procedure s , 
measuring apparatus and plants, is presented . 

As a general remark on the status we recall that 
the project has met technical difficulties concernin g 
the weldings of the LHe vessel and the performances of 
the ceramic insulator for the RF resonator. The buil­
ding construction has undergone a large delay preven­
ting the installation of the genera l and cryogenic 
plants up to beginning of this year. These delays have 
heavily affected the time schedule of the pro ject. 

Magnet. 

The magnet yoke has been completed and installed 
in the new laborat o ry as shown in Fig. 4. The magnet p£ 
le cap is visibl e in foreground and the structure for 
the assembly of the cryostat in background. 

Fig. 4 View of the cyclotron hall 
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The trim coils , epoxy impregnated, have been asse~ 
bled on the hill sectors (Fig. 5) and completed with 
the electric and water connections (Fig. 6). 

Also the trim coil power supplies (500 A - 36 V 
and 400 A - 48 V) have been tested and installed in the 
new laboratory. 

The power supplies of the main coils (I = 2000 A , 
V = 20 V, stability and reproducibility + 20 mAl have 
been tested on a resistor load (R = O. Ol Jt ) at f ull 
power and on a magnet ( L = 0.2 H) at low current. 

The protection circuit for the superconducting 
coils has been tested using an AC supply (I

eff 
= 2000 A) 

and discharging in the dump resistors 52 MJ in 25 s 
(the stored energy of the magnet is about 40 MJ). The 
maximum temperature measured in the resistors was 220 C 
(their limiting temperature is 400 C) and the cooling 
down to room temperature by forced air convection re­
quired half an hour. 

Fig . 5 Trim coils assembled on the hill sectors . 

Cryostat. 

The helium vessel has undergone the repair of four 
circumferential weldings which were not in conformity 
with the design s~ecifications . The Charpy impact test 
values of the weldings at LHe temperature were lower 
than the required ones and the ferr ite content was too 
high. 

Several analysis on the welding samples (magnetic 
permeability measurements, chemical analysis, meta l lo­
graphic test, surface analysis with e l ectron scanning 

and Auger microscopes ) indicate that the defect was 
produced by the bare electrodes used in the last wel ­
ding passes. These electrodes were from a different 
heat respect to the ones used in the qualification test 
and in the first two passes. 

Therefore the cryostat has been repaired by remo­
ving the welding for about 8 mm (the thickness of the 
vessel is 10 mm) to keep hermetically sealed the vessel 
and to avoid damages to the superconducting coils . The 
repaired vessel has been pneumatical ly tested to 8 bar 
and will be assembled in the cryostat and tested at the 
end of this year . 

Cryogenic plant. 

The Fig. 7 shows a scheme of the cryogen i c plant 
which consists of three sections: 

- He liquifier and refrigerator 
- He gas recovery and stockage 
- LN stockage and distribution. 

The refrigerator and liquifier system (TCF 100 -
Sulzer) , supplied by a two stage compressor delivers 
80 w refrigeration power or 30 l/h of LHe (without LN 
precooling) and 120 W or 45 l/h (with LN precooling) . 
It is equipped with two ejectors , respectively at room 
temperature and at He return vapour temperature, which 

Fig. 6 Electrical and water connections of the trim 
coil s . 

make the operating pressure in the cryostat indipendent 
by the suction pressure of the compressor. 

The recovery system consists of a balloon (volume 

10 m
3

, maximum overpressure 60 mbar) , a four stage com­
pressor with a two speed motor , a purifier (AR 14/200 -
Linde) suitable to treat, without filter regeneration, 

about 800 m
3 

of helium with an impurity content of 0.5% 
and four vessels (capacity 7200 1 ) for the He gas stoc -
kage at 220 bar. 4 

The LN is stored in a 10 1 tank and is distribu­
ted at l ow pressure to the cryostat (about 10 l/h for 
the thermal shield) , to the liquefier (25 - 30 l/h on­
ly if the precooling is exploited) , to the purif i er and 
to the TL1 - TL 2 transfer lines (2 _ 3 l/h) . 

During the normal operation t he liquifier suppl i es 
a 1000 1 dewar ( l ine TL3) which compensates the fluctua 
tions in the LHe production and consumption and assures 
during a liquifier failure , at least, 36 hours of oper~ 
tion . 

From the dewar the LHe passes trough a regulation 
va l ve in the cryost at ; the cold vapours produced by 
expansion and thermal l osses return to t he refr i gerator 
a l ong TL1 and TL3 sucked by the col d ejector. The gas 
used to cool the current leads returns to the compressor 
through the warm ejector . 

Th e pressure in the cryostat in normal operation is 
1.05 - 1.1 0 bar and it Can be controlled by a back pres 
sure regulator installed on the return secti on of the -
TL1 line. The cryost at ha s been designed for a maximum 
pressure of 6 . 3 bar . If the pressure in the LHe vessel 
increases (quench or vacuum failure) a safety valve is 
opened. at 4 .4 bar . In any case a 4" burst i ng disk cali­
brated to 5 .7 bar assures the vessel safety. The ratio­
nal e of the high pressures in the safety valve and disk 
is that during the cool down work i ng pressures of about 
4 bar are required . 

The expelled gases, when the safety valve is opened , 
are not recovered and are removed outside the l aboratory. 
During the cool down the cryostat i s suppl i ed directly 
by the co l d box through the TL1 line . 

In the case of liquifier failure the evaporated 
gas Can befully recovered in the high pressure cylinders . 
At the beg i nning t he recovery compressor works disconti­
nously removi ng the gas from the balloon and fi lling 
the fir st cyl ~nder without purification . Later on , when 
also the purifier is running, the recovery compressor 
works conti nously because it is supplied by the evapora­
ted gas and by the stored gas of the first cyl i nder . 

Magnetic field mappi ng system. 

The magnetic field will be measured by fl i p coi l s , 
each connected to it s own integrator. The flip coil has 
approximately 680 turns of copper wire (0 . 09 rom in dia­
meter) wound on a MACOR bobbin. It s dimensions ( I.D. 
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Fig. 7 Operationa l scheme of the cryogenic plant consisting of the LHe liquifier , He purifier and LN distribution . 

4 . 3 mm,O . D. 7 . 6 mm and height 5 . 0 mm minimize the mea­
sur i ng errors arising by the cyclotron field gradient. 
The main components of the integrator circuit are: the 
AD 235K chopper stabilized amplifier (open loop gain 

7 -
7 5 10 V/V, input voltage drift + 0.25 V/C) , t he 0.5 
f F polystyrene capacitor (temperature coefficient - 120 

ppm/C , insulation resistance 10
12 ..n. and low dielectr i c 

absorption) and the 40 K JL wirewound resistor (tempera 
ture coefficient + 2 ppm/C). All integration circuits -
are thermostabilized a t 37 C (temperature stability 0.1 
C) .: i n these conditions the maximum measured drift is 
typically 100 )AV/s. 

The drift and the temperature are measured each ti­
me before to f lip the coil and the measured voltages 
are correc ted by the dr ift and normali zed to a referen­
ce temperature of 25 C. The average sensitivity of the 
flip coils is 1. 8 VITo 

The magnetic field measuring system consists of 
four position ing e l ement s: the calibration , the polar 
field, the axial field and the fr ing ing field apparatus . 
Since the f lip coil calibra tion and magnetic field mea­
surement in the pol ar region .require high accuracy (re-

spectively ~ 0 . 5 10 -
4 

and + 1 10-
4

) a particular care 
has been posed in the corresponding devices. 

The calibrati on apparatus (Fig. 8) consists of a 
magnet (6 cm gap - 4 2 cm pole diameter) wi t h an high 

stabil ity power supply ( 1 10-
5

) where the f lip coils are 
calibrated in magnet i c f i elds up to 1.45 T against a NMR 
probe. First the magnetic f i e l d i s measured in several 
points a long the H magnet centerline by the NMR pro-
be , then the NMR probe is positioned near the pole ed­
ge (suitably shimmed) to control the field stabil ity d~ 
ring t he f lip coi l cal i bration . The homogeneity o f t he 
f i eld along the magnet centerline a llows the s i multa­
neous calibration of 6 fl ip coil s . 

In the polar f ield apparatus (see scheme in Fig.9) 
92 flip coils, mounted on a perspex rod and radially 
spaced of 10 mm, can be rotated through 180° by a pneu­
matic valve and conic gear. The rod support in fiber ­
glass Gil can be positioned azimuthally each 2° with an 
accuracy of 0.01°. This accuracy is obtained by means 
of a toothed-wheel (1.8 m in diameter) already used in 
1963 for the magnetic field measurements of the Milan 
AVF cyclotron. 

The flip coils rod can be centered mechanically to 
0.05 mm with respect to the poles and the rotat ing arm 
(see Fig. 9) can be assembled in two opposite pos i tions 
to check by means of magnetic measurements the construe 
tion or posit i oning errors in the toothed-wheel which 

Fig. 8 Apparatus for the flip coi l calibration. 
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Fig. 9 Scheme of the apparatus for the polar f ield 
mapping . 

could introduce spurious first harmonic components in 
the measured field . 

RF system. 

Full power tests. The full power tests on the first up­
per half cavity were successfully completed in spring 
1986 , after the change of the previous type of ceramic 
insulator , which was of very poor quality (Q factor 50 
time lower than the guaranteed one) . 

The results (21,22) have shown that all the major 
components (cerami,' insulator, sliding short, coupling 
capacitor) and design criteria are adequate and can be 
used for the final accelerating system. Nevertheless 
some minor modifications have been decided before to 
start the cavities fabrication , mainly to simplify the 
assembling procedure . We expect to receive the three fi 
nal cavities by the end of this year. 

During these tests , a prototype of the control 
electronics, for a s imple and safe cavity operation, 
was used together with amplitude and phase feedback 
loops. Since they behaved according to the project goals 
we are now redesigning the RF control system, based on 
these circuits , but computer controll ed . 

Computing. A complete analys i s of the cavity behaviour, 
mainly in the ceramic insulator region , has been perfor -

med(23) using an imp l emented version of the computer 
code SUPERFISH. AS a result, a small modification of 
this region was decided to increase the maximum opera­
ting frequency from the measured 47 MHz to 4 9.5 MHz. 
This change , which mainly consists in few volume d ispl<:,: 
cements leaving the insulator in the same position, 
slightly reduces the electric field in some critical 
points, like for example the inner coaxial corona ring. 

Power amplifiers. The three BBC RF power amplifiers ha­
ve been installed into the new cyclotron building and 
they are now under test on dummy l oad , to optimize 
their already good performances . The 6 1/8 " feeders for 
connection to the cavity resonators will be installed 
in the near future. 

Liner. A conceptual design of the l iner has been done 
and the main decisions on the technology that will be 
used have been taken . Also a complete set of measure­
ments of the effect ive geometry of the magnet hills , 

with all the impregnated trim coils assembled, was car­
ried out to verify the needed tol erances. We will ma i n ­
ly use mil ling machined copper sheets , 15 mm in thick­
ness, for hills and valleys covers, TIG welded to late­
ral 3 mm sheets. 

Also if we are anticipating the welding tests and 
the fabrication of some lin~Y part or model, we have to 
wait at least the eventual correction of the valley 
deep , dictated by the magnetic measurements , to start 
the fabrication according to the final design . 

Computer control . 

A distributed architecture of powerful mic r oproces 
sor based units , connected by an optical network with 

. (25) 
a star topology , has been deslgned to perform the 
control of the machine . 

The main elements of the network are a passive op­
tical star coupler with a typical insertion loss of 0.5 
dB, able to connect up to sixteen nodes together , and 
the communication devices providi ng optical transmit/re 
ceive capabilities (Codenoll Technology Corp.) . Connec~ 
tion among the units is pnrformed by means of two cords 
assembly, graded index optical fibers (100 m core , 
140 m cladding). 

In house tests have demonstrated a good re l iabil ity 
of the hardware; a bit error rate, between any two no~ 

des , better than 1 10-
9 

has been measured. 
Each node of the network has been designed using a 

standard card-cage equipped with a microcomputer for 
communication control and at least one CPU board both 
based on sixteen bits microprocessors with 0.5 Megaby­
tes of memory. 

Following the needs of each application the stan­
dard cont rol station has been customized using speciali 
zed I/O modul es for digital control, analogue data ac -­
quisition and close - loop control . 

The software structure has been organized i n such 
a way that first level processing of signals is perfor­
med by the I/O modules themselves. The CPU boards in 
which a nucleus of an operating system has been imple­
mented ( i RMX86), perform the real-time control of the 
equipment connected to the I/O modules , execute tasks 
activated by commands issued by the console or the host 
computer, and convert data to physics units. 

The console (24) ,a prototype is shown in Fig. 10, 
uses dedicated boards for driving color and B/W gra-

F ig. 10 Prototype of the contro l consol e. 
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phic monitors, touch panels and other interactive devi­
ces. 

The host computer (DEC microVAX II) up to now has 
the function to maintain a centralized database , to 
check the network and the peripheral control stations 
and to perform the s tart-up of the control system. In 
future it will determine the right operational configu­
ration of the cyc l otron parameters for each ion selec­
ted for acceleration and for each experimenta l set- up. 

Axial i nject i on . 

The components of the ECR source have been ordered, 
and their assemb ly wil l start at the end of this year. 

All elements of the beam line are under construc­
tion with the exception of the solenoids S5 and S6 who-

se parameters will be defined after the mapping of the 
ax i a l f ie ld of the cyclotron. 

A prototype of the electrostati c mirror is under 
development . 

It is planned to test part of the beam line with 
the beam del i vered by the ECR source before its final 
installation into the cyclotron p it. 

Extraction. 

The extraction design has been compl etely defined 
and no change have been made. 

Work on the high voltage deflector is in p r o _ 

gress(26). A new test stand with a stainless s t ee l va­
cuum chamber and a 10 kGauss magnet has been installed 
in order to investiga~e the behaviour of the electrical 
d i scharge in the presence of the magnetic field which 
has a strong influence on the voltage hold off capabil~ 
ty. A new 150 kV - 3 rnA power supply has been delive­
red by the firm Heinzinger, with a current limit and an 
automatic recovery after a discharge which has proved 
to be useful in reducing the time for conditionig 
and testing . 

Extensive tests have been carried out on a f ull 
scal e prototype of the deflector with the length re ­
duced to 1/3 of the nominal value , in order t o se lect 
the best combination of electrode and liner materials . 
AISI 304 sta i nless stee l and titanium have been checked 
as high voltage e l ectrode and molybdenum, tungsten and 
tantalum for the liners . The optimal combination seems 
to be titanium wi th tungsten . 

Preliminary results in the 10 kGauss magnet l ook 
promising : electric field in the gap of the order of 
120 kV/cm have been sustained for long time with a few 
discharges per hour. 

Moreover a new electrode geometry has been investi­
gated with POISSON ca lcul ations: the aim being to redu­
ce the e l ectrical field s tength mainly in the region 
where it i s parallel to the magnetic field lines. Best 
results have been obta i ned with an electrode configurat­
ion with different radii of curvature . The highest cal­
culated electric field is of the order of 157 kV/cm for 
100 kV voltage, a value which is a 15% lower than the 
edges rounded with a constant radius of 5 mm. 

Vacuum . 

The cyclotron has three separated vacuum systems 
respectively for the accelerati on chamber (res i dua l 

pressure 1- 2 10-
7 

torr), the liner-pole region (coarse 
vacuum <1 torr) and the cryostat (res i dual pressure 

0 . 5-1 10 -
5 

torr). The liner pole region is pumped thr­
ough 6 tubes (30 mm i n diameter, 1.5 m long) by two 

rotary pumps (each 30 m
3
/h). The cryostat chamber is 

pumped from the bottom flange by two diffus i on pumps 
(effective pump ing speed 400 l/s). 

To obtain i n the acceleration region the required 

pressure some special techniques have been adopted (27). 
The use of splitted refrigerat or coo led cryopump instal-

led in the dees and the nickel plating of the iro n wal ­
ls of the vacuum chamber (Fig . 11) shoul d assure the re ­
quired vacuum. The cryopump prototype , made by Leybold 
Heraeus has been successfully tested in our laborato­
ry. The pump worked continuously for about 1000 hours 
without any trouble and the pumping characteristics are 
acceptable. Te sts have been carried out in the magnetic 
f i eld of the Milan AVF cyclotron to control the mechan­
i cal and thermal behaviour of the pump. These tests 
showed that the pump is able to work in worst conditi ­
ons then those met in the K800 magnet. So it was deci­
ded to use 3 splitted pumps, with some improvements 
(easier assembling operations and larger cooling pow~r) 
respect to the prototype, for the high vacuum pumping 
system of the cyclotron. 

Fig . 11 Internal vacuum chamber wall during the nickel 
plating operations. 

Diagnostic. 

The main diagnostic devices for the internal beam 
will be: 
- a current probe suitable fo r integral and differential 

measurements with three or five fingers (water cooled) 
and moving along an hill centerline from 15 Cm radius 
up to extraction radius; 

- two extraction probes (differential probes with a sh­
ort range ~ 1 cm) to control the position and t .he size 
of the beam in front of the electrostatic deflectors. 

The possibility to place curr ent probes , in the 
two other hills, at two given radii for beam centering 
is under investigation. 

Ten phase probes, equally spaced radially, and lo­
cated on the hill centerline, are planned for the con­
trol of the isochroni s m. The characteristics of these 
phase probes are under study in order to optimize their 
performances for all the accelerated beams. 

The probe location and the region occupied by the 
stripping foil are shown in Fig. 12. 

A preliminary design of the stripper apparatus ha s 
been carried out (Fig. 13). At the top of the cyclotron 
there is a vacuum sealed reservoir of stripping foils 
from which a tape takes away new foil by unloading the 
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Fig . 12 Current and phase probes location i n the cy­
clotron . 

worn out one. The stripping foil transported by the t a ­
pe up to the median plane is installed in a trol l ey 
wh i ch aSSures its radial position i ng. The azimuthal po 
sitioning is obta i ned by rotating the arm which sup­
ports the trolley . Al l movements wi l l be carried out by 
stepping or hydraulic motors. The strippi ng foi l posi­
tion will be measured with optoelectronic system and 
absolut e encoders . 

trolle y mo vement M 

new stripper 

foil lo ader 

yoke 

med ian plane 

worn out stripper foil un lo ader 

= @- Q-

--_.-// 

trolley to pos ition stripper 

fo il in the median plane 

Fig. 13 Scheme of the strippi ng foil apparatus. 

ilea l th physics . 

For the beam tests a complete radioprotective appa­
ratus (shi elds, interlocks, monitors etc.) must be rea­
lised. An evaluation of the intensity of the radiation 
levels has been carried out and the main characteristics 
of the radioprotection system defined . Since the beam 
test s wil l go on in Mi lan on l y for a limited time, a tern 
porary concrete shield will be employed in order to re ­
duce the neutron f l uence. 

Due to the large stripping cross section , the deu­
terons are, among the ions which will be accelerated, the 
worst possible case for the neutron y i eld, the neutron 
energy and angular d i stribution. Therefore in order to 
evaluate the charac t eristi cs of the radioprotection sy­
stem and the shielding thickness, the spectra and angular 
distri~ution of neutrons produced by deuterons impinging 
on a thick carbon target have been examinated. Neutron 
spectra have been calculated fol l owing the models of 

Serber and Nakamura (30 , 31) for the relative contribu­
t i ons of the stripping, preequil ibrium , equilibrium and 
slowi ng down processes . The calculations give a total 
yield of 0 . 7 neutron for incident deuteron. The spectra 
computed at different emission angles are presented in 
Fig. 14. 

The planned beam tests wi ll cover no more than 2000 
hours over one year . Limits for the total equivalent 
dose of 15 mSv for the occupationally exposed workers 
and of 1 mSv for the members of the public have been as­
sumed. Since the accel erator is partially self- shielding 
and g i ven an average intensity of the deuteron beam of 

1011 pps, a 2 m thick ordinary concrete shield around 
the accelerator is required. I f the lateral shield wa l ls 
are high enuogh (typical ly about 6m), no shielding of 
the roof is required . 

Airborne radioactivity induced by neutrons has also 
been eva l uated giving a concentration of radionuclides 
produced in the air not as high as to require a forced 
ventilation of the cyclotron vault. 
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Building status 

The new bui ldi ng for the cyclotron (hangar , power sup­
ply rooms , technical plant room, workshop, control 

room etc) for about 3500 m
2 

of area and about 20000 m
3 
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of volume began to be available for the installation 
of general plants (electric power, heating and air con­
ditioning system etc.) and special plants (power and 
RF supply, cryogenic system, water cooling system etc) 
in September 1985 . 

These systems are now completed (except the cryo­
genic plant) and in operation. 

Offices and laboratories for about 2500 m
2 

of area 
are planned to be completed for the end of the year. 

The delay was caused mainly by discontinuity in 
the funding. Therefore the whole complex will be ope­
rational in spring 87 . 

The building , as in September 1986, is shown in 
Fig. 15. 

Fig. 15 View of the new laboratory buildings 

Conclusions 

As discussed before the time required to carry out 
the tests on the welding samples and the LHe vesse l re­
pair and the i mpossib i l ity to dispose of the building 
before the end of 1985 are the major causes of the de­
lay undergone by the project. 

The construction of the cyc lotron will proceed vi­
gorously from the beginning of the next year, with the 
tests of the magnet (cool down, coils exc itation, ma­
gnetic field measurements) . 

The first extracted beam is expected for the end 
of 1988 and the installation at LNS i n Catania during 
the 1989. 
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