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BRATISLAVA MULTIPURPOSE NEUTRON 

SOURCE 

3. PivarE, S. Hlav6E 
Institute of Ph elcs, Electro-Physical Re- 
aeerch Centre o ‘; the Slovak Academy of 
Sclencee, 042 28 Bretislava, Czechoslovakia 

A 14 MeV neutron aourca baaed on the 
T(d,n)a reection la under development in our 
laboratory. The source io designed for a va- 
riety of experiments in low energy nuclear 
physica involving the in-beam p -ray, naut ron 
and charged particle apactrometry, neutron 
actlvstion meaauramenta as well as neutron 
irradiation atudlaa. So far, we have comple- 
ted a low Intensity dc beam line with a nau- 
tron yield of up to 1010 n/s. 

In recant years, a multipurpose 14 MeV 
neutron source has bean designed In our labo- 
ratory. It will be used in low energy nuclear 
physics involving the in-beam p-ray, neutron 
and charged particle apect romet ry , neutron 
activation measurements aa well as neutron 
irradiation studies. For tke production of 
neutrons the reaction T(d,n)d is used. A TIT 
target is bombarded with deuterons accelera- 
ted up to 300 keV in en electrostatic air in- 
sulated accelerator. 

The neutron source has two beam lines: 
a dc/palsed beam line and an intense beam 
line. 

The low intensity dc beam line has been 
completed. It is capable of producing a 0.4 
mA dauteron beam on a target spot. The beam 
la generated In a high frequency ion source. 
It is accelerated by an accelerating tube and 
further trenaportad to a target chamber. With 
such a beam and a fresh target a neutron 
yield of 1010 n/a for s beam spot of 1 cm2 ia 
obtained. 

The fast pulsed beam line will be capab- 
le to generate a compressible D+ ion beam of 
up to 1 na on a target spot. 

The intense beam line should be capable 
of producing 10 mA of a separated D* lonbaam. 
With such a ron 
yield of lo1 % 

earn and a fresh target a neu 
n/s for a beam spot of 1 cm a 

can be expected. 

The paper gives a short survey of the 
present atetus in the development of the ac- 
celerator. We also briefly outline the new 
design concept. 

Description of the neutron aourcg 

The layout of the aourcs is shown in 
1. It is based on two beam linear the 

~~~~ulaed beam line and the intense beam line. 

The main parts of the source are a high 
voltage power supply, a high voltage terminal 
with an ion source, a vacuum system, a homo- 
geneous field accelerating tube, a target 
chamber as well as a beam profile monitor. It 
is constructed in order to obtain a neutron 
yield of 1010 n/a. 

A klystron bunching system is incorpora- 
tad in the dc beam line. It includes moreover 
a switching magnet, bending magnets, quadru- 
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Fig. 1. Layout of the neutron source. 

pole lenses, diagnostic elements of the beam 
auxiliary vacuum systems, a chopper as well 
as diaphregms and water cooled slits. The 
beam line will be capable to generate a beam 
pulse of up to 1 na wide on a target spot. 
Ah ap roximately 103 n/ ulae for a 1 mA pri- 
mary 1 earn currant will ii e generetad. 

The intense beam line should be capable 
of producing a 10 q IA separated D+ ion beam. 
The high voltage terminal, In this case, will 
involve a duoplaametron ion source. The 
scheme of this configuration la shown in Fig. 
2. The besm should pass through a deuble fo- 
cueing dipole magnet. It is accelerated up to 
an energy of 300 keV by the seso accelerating 
tube and further transported to a rotating 
target chamber. With such s &am and a fresh 
target a neutron xleld of 10 n/e, for a 
beam spot of 1 CQ and a useful target life- 
time of about 10 h can be expected. 

Recent develocmenta and statue 

Recent developmenta have been centrad 
on the assembly and teats of the dc beam line. 

Hiah v-e Dower euoaly 

The hi h voltage power supply la mounted 
In e 6 q x 8 II cell (Fig. 3). Next to it, 
another cell is used for the aouroe. They are 
interconnected through a water resistor by s 
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Fig. 2. Scheme of the high volta e terminal 
of the intense section o 8 the acce- 
lerator. 

high voltage cable. 

The major components of the supply (the 
regulating transformer, the high voltage 
transformer, the Se-rectifiers, the multi- 
plier capacitors, the protective resistor and 
the electro-hydraulic discharger) were sup- 
plied by TUR Dresden. The supply Is construc- 
ted with respect to a long operation at 40 
q A/20 % or 30 mA/35 OC. The ripple factor of 
the supply is 3 % at the operation current of 
10 mA. 

In order to decrease the ripple factor 
of the supply to about 0.5 % we added a ca- 
pacitor battery with a capacity of 0.125 PF. 
A safety system which can quickly discharge 
the battery through a 100 m water resistor 
by a pneumatic discharger is also developed. 
It shorts the battery to the ground potential 
either at switching off the supply or at the 

Fig. 3. General view of the high voltage po- 
wer supply. 

Fig. 4. General view of the high voltage 
terminal and the low intensity dc 
section. 

Fig. 5. General view of the high frequency 
Ion source, column resistor and Pd 
va&ve. 

breakdown in the high voltage terminal of the 
accelerator. 

Hiah voltaae terminal and ion source 

The general view of the high voltage 
terminal and the dc beam line are shown in 
Fig. 4. This part of the accelerator is also 
mounted in a 6 m x 6 m cell. The high volt- 
age terminal of a 3.4 m2 surface and 0.9 81 
height contains the bigb frequency ion source and 
the other associated equipment. The power for 
the terminal is supplied by the isolation 
transformer IT 300 l-3. 

The general view of the ion source is 
shown in Fig. 5. The high frequency ion 
source was used for the operation in the dc 
beam line. It was shown that one can achieve 
the 0.4 mA deuteron beam on the target at an 
approximately 6 kV extraction voltage. The 
high frequency power of 150 W at 42 MHz is 
coupled to a D2 gas with a pressure of 1 Pa 
contained in a quartz cylinder. To increase 
the plasma density in the ion source a sole- 
noid is mounted on the upper source plate. 
The 02 gas container and the Pd valve were 
also built into and fitted to the ion source. 

Vacuum svsteq 

A detailed description of the vacuum sys 
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tern is given elsewhere 4. The general view 
of the vacuum system of the dc beam line is 
also shown in Fig. 4. It is constructed 
mainlv of stainless steel with ConFlat fla- 
nges bnd copper gasket seals. The pumping 
unit was completed and successfully tested 
together with the dc beam line. It consists 
of a 2000 l/s diffusion pump, a baffle, a 
liquid nltrogsn trap, two sorption zeolits 
pump0, a foreline trap as well as a rotation 
Pum The dif fision pump usually pumps either 
wit R’ the sorption pump depending on the pum- 
ping efficiency of the molecular sieves used 
at liquid nitrogen temperature. As soon as a 
vacuum of 10 Pa is reaobed, the sorption pump 
is automatically connected to the diffusion 
pump while the rotary pump is connected to it 
when the fore-vacuum increases up to 20 Pa. 
Two sorption pumps are provided. The pumpdown 
time of this vacuum system (nain vacuum sys- 
tem) opera ing with a 100 1 volume from 0.1 
MPa to 1W 4 Pa is about 1.5 h. 

The pressure inside the vecuum system is 
measured by a thermocouple and a Bayard- 
Alpert Ionization gauge. Also, a quadrupole 
type gas analyser Is installed in order to 
permit a quick diagnosis and a residual gas 
analysis even with the beam on. 

Acceleratina tube 

The ion beams are accelerated to the fi- 
nal energy of 300 keV in the homogeneous field 
of the accelerating tube. It consists of 11 
Al electrodes with a 86 diameter beam aper- 
ture. The electrodes are separated by ceramic 
insulating rings which have a 148 am inside 
diamster and 63 mm length. The whole system 
is glued together with polyvinyl acetate. A 
lead seal is fitted between the glue layer 
and the inner part of the tube to prevent any 

9 
lue outgassing. The insulators are shielded 
ram the beam by conically shaped metal elec- 

trodes. 

The potential is equally distributed 
along the accelerating tube by means of mul- 
tiple series of resistor blocks 30 Ma/30 kV 
built into an oil-filled insulating box. 

The electrostatic beam steerer for the 
oorrection of the ion beam position is loca- 
ted inside the beam line behind the accele- 
rating tube. 

Teraet chamber 

The dc target chamber fixes the TIT tar- 
get. Water is used as a coolant and is driven 
to a channel placed near the target periphery. 
We use a 45 mm diameter target manufactured 
in the USSR 5. 

It was shown that the beam generated in 
the high frequency Ion source can be accele- 
rated to an ener y of 200 keV by the accele- 
rating tube and B urther transported to the 
target chamber. With a beam of 0.21pgA and a 
fresh target a neutron yield of 10 
a beam spot of tl cm2 is produced. 

n/s, for 

Beam profile monitor 

The KBr luminiscent beam profile monitor 
was used for the dc beam line. The lumlnis; 
cent screen is scanned by a CC0 TV camera . 

Concludlna remarks 

The de/pulsed beam line of the source 
will be the next step in the construction of 
t be accelerator. In the next few years the 
beam line will be the main tool for the p -p 
and the n-p coincident in-beam experiments 
as well as for the exclusive neutron spectre 
measurements. For this reason nine quadrupo- 
le lenses, three dipole magnets and dynamic 
beam monitors have been designed. The swit- 
ching magnet and all quadrupole lenses have 
been completed. 
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