
CD.

Nuclear Instruments and Methods in Physics Research 220 (1984) 37-44 
North-Holland, Amsterdam

THE BUENOS AIRES TANDEM ACCELERATOR FACILITY

E. PEREZ FERREIRA, E. ACHTERBERG, D.'CAMIN, ArCEBALLQS, N. FAZZINI, A. FILEVICH, 
H. GONZALEZ, A. JECH *, M.A.J. MARISCOTTI, J; MILBERG, J.'NlCOLAI, R. REQUEJO,
R. RIBARICH, J.J. ROSSI, S. TAU, A. TERSIGNI, J. TESTONI and E. VENTURA
Departamento de Física, CNEA, Av. del Libertador 8250, 1429 Buenos Aires, Argentina

37

G- B i b l i o t e c a
ARCHIVO PUBLICACIONES

M5'

--4  ‘

Construction of the buildings and services for the 20 MV tándem accelerator in Buenos Aires has been completed. The SF6 gas 
handling system has been successfully tested up to a pressure of 9.8 kg /cm 2 absolute (125 psig). The accelerator column and injector 
systems have already been installed. High voltage tests have been conducted. A máximum voltage of (24.7 ±  8)% MV has been reached 
on the terminal, well above the specifications of the system.

1. Introduction

Three years ago at the 5th Tándem Conference in 
Catania (1980) the project for the construction of a 20 
MV heavy ion tándem accelerator facility in Buenos 
Aires, Argentina, was first reported [1],

Today all civil works and electromechanical installa- 
tions have been completed. The ion source, the injector 
and accelerator column have been assembled, together 
with several electromagnetic focusing elements includ- 
ing the 90° E M /Z 2 =  500 analyzing magnet. In addi- 
tion, the SF6 gas handling system has been successfully 
tested and has begun routine operation. During April 
1983 high voltage tests were conducted yielding a máxi­
mum terminal voltage of (24.7 +  8)% MV.

The purpose of this paper is to give a status report 
on the project. In §2 we briefly describe the building 
and services. In §3 we concéntrate on the accelerator 
and related equipment while in §4 we deal with the high 
voltage tests. The SF6 gas handling system has been 
omitted from this paper since it is described in detail in 
a separate paper at this conference.

2. Description of building and services

The accelerator building with its 73 m high main 
tower that houses the accelerator is shown in fig. 1. It 
has been designed with the appropriate shielding to 
allow work with intense high energy light ion beams, the 
limit being 20 ¡xA of 40 MeV protons for 16% of the 
total operational time per year.

Adjacent to the main tower another smaller service 
tower with one freight and one fast elevator provides 
access for personnel and equipment to the different
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levels of the accelerator tower. The control and data 
handling facilities are located at ground level with direct 
access to experimental areas. The upper floor accom- 
modates the support laboratories (ion source develop- 
ment, electronics, target preparation, detectors) needed 
in connection with the accelerator and related experi­
mental work.

Fig. 2 shows a rear view of the building. Clearly 
shown are the storage vessels for the SF6 gas. Each 
sphere has a diameter of 10 m with a capacity of over 
500 m3. They are rated for a máximum working pressure 
of 23 kg/cm 3 absolute. These spheres are made of 31 
mm steel and work in a temperature range of — 28 °C to 
80°C.

On the right, an earth embankment serves as shield­
ing for the two main experimental areas. Both of these 
have extemal access doors closed with removable con­
crete blocks to provide entry for future heavy equip­
ment. In addition there are three other experimental 
areas including a special laboratory for radiochemistry.

3. Accelerator and related equipment

3.1. Ion sources and injector

The negative ion source system is located at level 
56.40 m of the principal tower. The 300 kV high voltage 
cylinder and the insulating support column have already 
been positioned. The system consists of an electrostati- 
cally smooth cylinder, 3.35 m in diameter, supported 
from above and below by eight metal bonded alumina- 
ceramic posts, stainless steel hoops and aluminum cast- 
ings. An electrostatic x - y  steerer, an einzel lens, a 90°, 
M E / Z 2 = 12 double focusing magnet and two variable 
aperture Faraday cups assemblies, one each at the mag­
net object and image positions, are aligned inside the
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high voltage cylinder. Fig. 3 shows the injector together 
with an ion-source.

The system is evacuated by a turbomolecular pump- 
ing station. A straight-through valve isolates the vacuum 
in the cylinder from the ion source module.

An insulating rotating shaft driving an alternator, 
provides power for components at high voltage. Waste 
heat is removed by a closed freon heat exchange system.

The direct extraction duoplasmatron ion source 
module is already operational. It consists of an ion 
source, a 50 kV acceleration tube extractor einzel lens 
assembly, a turbomolecular pumping station, isolating 
valve and power supply. The system has been aligned in 
the high voltage cylinder.

The sputter cone and the negative-helium (Al- 
phatross) ion source modules are in a bench test status.

Present efforts are devoted to optimize the duo­
plasmatron ion beams through the injector bending 
magnet.

3.2. Accelerator vessel and column structure

The cylindrically shaped pressure vessel, 7.6 m in 
diameter and 36.3 m in height is installed, supported by 
a skirt at level 13.49 m. Fabricated on site, it has been 
hydraulically tested up to a pressure of 18 atm. Three 
side manholes plus two ports on the top and the bottom 
of the vessel provide access for the accelerator Service 
and ventilation. A number of small ports allow installa- 
tion of light links, cable entries, viewing windows, etc.

Pressurization of the vessel with SFé up to 9.8 kg /cm 2 
(125 psig) has been successfully accomplished, and the 
SF6 transfer system is ready for routine operation.

The column structure of the accelerator is shown in 
fig. 4. It was assembled through a large port located at 
the top of the vessel. The column, 2.13 m in diameter 
and 32.31 m in height including the terminal, consists of 
forty 1 MV insulating modules, twenty units on each 
side of the high potential terminal. Each 1 MV module 
is made up of six laminated alumina ceramic posts, 
stainless Steel hoops and aluminum castings. The termi-



E. Perez Ferreira et al. /  The Buenos Aires tándem accelerator facility 39

Fig. 2. Rear view of the building. The SF6 storage vessels are shown: on the nghx a section of the earth embankment which serves as 
shielding for the two main experimental areas.

nal is a three piece stainless Steel cylinder, 2.44 m in 
diameter and 4.88 m in height. A major and a minor 
dead section are positioned in the low energy side of the 
column, while there are two minor dead sections in the 
high energy side.

The Pelletron charging system has also been in- 
stalled. It is built of two independent groups each one 
with two Pelletron chains, running from the top of the 
column structure. The corresponding charging power 
supplies are already operational.

In order to run the column voltage tests, an open 
corona point system is installed in the high and low 
energy sides of the structure.

3.3. Analyzing magnet

The 90°, M E /Z 2 =  500, double focusing analyzing 
magnet is supported on its rotatable platform at ground 
level. By angular displacement of the platform the beam 
can be directed to the experimental areas through any 
of the 30 ports existing at the same level in the tower 
wall. In addition to the 90° bending angle, a 15° exit 
port allows transport of the beam to a target room 
under the magnet at level — 7.0 m.

The rotatable platform has been horizontally ad- 
justed within a precisión of 0.3 mm. Alignment of the 
magnet with respect to the accelerating tube axis is 
currently taking place.

I. STATUS REPORTS
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Fig. 3. A view of the injector; a duoplasmatron ion source module is aligned inside the high voltage cylinder.

3.4. Accelerator control and data acquisition systems

The accelerator control system developed by NEC, is 
of a mixed design. It is based on a digital communica- 
tion link providing a reliable system to monitor a large 
number of parameters. In addition, some basic compo- 
nents, such as foil strippers and the terminal matching 
quadrupole, may also be operated via conventional con­
trol rods. This is intended as a back-up to allow limited 
operation of the accelerator in the event of a system 
failure.

Digital communication is achieved through a 
CAMAC system interfaced to a PDP 11/23 Computer.

Within the accelerator column a CAMAC crate in 
the terminal communicates radially with the outside via 
optical light links. The optical transmitter and receiver 
outside the vessel are connected to the control consolé 
by fiber optics. The individual dead sections do not 
contain any CAMAC crate; dedicated fiber optic links 
are used for their communication with the terminal 
crate.

Wiring of the control consolé to the accelerator and
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Fig. 4. The column structure of the accelerator being installed inside the vessel.

installation of the control room at ground level are 
currently being implemented.

The data acquisition system is based on a PDP 
11/34 plus VAX-11/780 combination. The front-end 
handling of electronic signáis from the experimental 
areas will be CAMAC based. An auxiliary controller 
and a local buffer memory is used at the CAMAC level 
to speed up the recognition of significant events and the 
handling of the corresponding signáis. The connection 
of the CAMAC branch to the PDP 11 I /O  bus is 
provided by a BiRa branch driver; it will handle the

transfer of collected data to the PDP 11 memory or 
other peripheral device.

3.5. Experimental areas

The beam can be deflected into any one of five 
different target areas. The two main ones, one of which 
is shown in fig. 5, are 20 m X 22 m each. Two other 
experimental rooms are located at each side of the 
tower. One of them, unshielded, is designed for heavy 
ion experiments, the other has a special cave for produc-

I. STATUS REPORTS
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Fig. 5. One of the main experimental areas. One scattering chamber and the beam line extensión are being assembled. The base for the 
magnetic spectrometer is shown.

tion of neutrons in connection with the mass separator 
facility. The fifth area is at 7.0 m below ground level, 
under the analyzing magnet. Heavy molecular beams 
can be deflected into this area through the magnet 15° 
port.

All services are channeled under the floor by means 
of trenches. They also provide connection of the experi­
mental apparatus with the data handling rooms. Present 
activities are devoted to implementation of two scatter­
ing chambers, one for heavy ions and the other for light 
ion experiments, a general purpose gamma-ray facility, 
a special chamber designed to measure on-line conver­
sión electrons and an isotope separator facility. They 
are all being assembled together with their respective 
beam line extensions. The base for the magnetic spec­
trometer is already built, although the characteristics of 
this piece of equipment have not yet been completely 
finalized.

4. Column voltage tests

The column voltage tests on the accelerator have 
recently been performed (April/83). The experiment 
was designed to demónstrate the voltage holding capa- 
bilities of the column structure at or near the máximum 
SF6 pressure consistent with the vessel design and be- 
fore installation of the acceleration tubes.

Prior to the experiment the generating voltmeter 
(GVM) was calibrated using a capacitive divider method 
[2]. The calibration point was set at 2 MV with the 
vessel open to air. The error in the method was esti- 
mated to be +5%, —8%.

The vessel was pumped down to 0.5 mb and 
pressurized in ten steps with puré SF6 from 1.3 kg /cm 2 
absolute (4.2 psig) up to 9.8 kg /cm 2 absolute (125 psig). 
The terminal potential was then slowly raised up to the 
point of breakdown. This procedure was repeated for 
each SF6 pressure until a reasonable number of sparks 
was produced and no higher terminal potential could be 
attained.
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The corona current readings of the 20 UD column 
grading system were compared with the data taken by 
NEC for a single gap of three needles and with extrapo­
la ro n  of the data obtained in the 25 UR (ORNL) and 
20 UR (JAERI) accelerators. The 20 UD terminal 
potentials established form the plots “ corona current 
versus gradient percentage” , were within +1%, —15% 
of the GVM readings. In these conditions the GVM was 
considered to be representative of the actual terminal 
potential.

The máximum voltage achieved was 24.7 MV at 80 
psig SF6 pressure Fig. 6 shows a plot of the terminal 
potential at breakdown (MV) as a function of the SF6 
accelerator vessel pressure (psig). The máximum and 
minimum breakdown potentials are indicated for each 
pressure; for the sake of clarity individual points for 
each spark are not shown; vertical lines indicate the 
potential range spread. The average has been calculated 
taking into account all breakdown potentials. Column 
conditioning considerations may change the shape of 
the average line.

Fig. 7 shows a terminal spark at 24.7 MV.

Fig. 6. Plot of “ terminal potential at breakdown versus Accel­
erator vessel pressure”, obtained during the column voltage 
tests (April ’83). Details are given in the text.

Fig. 7. Terminal spark against the accelerator vessel at a voltage of approximately 23 MV, 80 psig SF6 pressure.
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5. Summary

The Tándem Project whose construction started three 
years ago is now approaching completion. It has not 
been completed according to the 1979 schedule which 
was somewhat optimistic. However, the delay is consid- 
ered by many to be only a small inconvenience for such 
an enterprise.

The column high voltage tests have been carried out. 
It was planned to exceed the operating gas working 
pressure specified by NEC in order to determine if the 
addition of SF6 resulted in a higher voltage since the 
tank has been designed to withstand a higher pressure.

After the high voltage tests the mounting of the 
accelerator tubes will begin. It is hoped to finish this 
task in two or three months and be ready to pass a 
beam through the machine by the end of 1983. This may 
again be somewhat optimistic, but then we scientists 
always are.
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