+1/2-(4S0 )oaNI

INDC(CSR)-2/L+ Special

International Atomic Energy Agency

INTERNATIONAL NUCLEAR DATA COMMITTEE

MULTIPURPOSE INTENSE 14 MeV NEUTRON SOURCE AT BRATISLAVA:

DESIGN STUDY

J. Pivart, S. Hlavi¢, J. Kral, P. Oblosinsky, I. Ribansky
and I. Turzo

Institute of Physics, Slovak Academy of Sciences
899 30 Bratislava, Czechoslovakia

and

H. Helfer

Technical University, 8027 Dresden, GDR

Contributed Paper to the IAEA Consultants®! Meeting on
Neutron Source Properties, Debrecen, 17-21 March 1980

FYZIKALNY USTAV Slovenskej akadémie vied
OU3NUECKNN UHCTUTYT Crosamnxoi akamemun HayK
INSTITUTE OF PHYSICS Slovak academy of sciences

May 1980

IAEA NUCLEAR DATA SECTION, WAGRAMERSTRASSE 5, A-1400 VIENNA



Reproduced by the IAEA in Austria
May 1980
80--1841



INDC(CSR)-2/1+ Special

MULTIPURPOSE INTENSE 14 MeV NEUTRON SQURCE AT BRATTSLAVAg

DESIGN STUDY

J. Pivart, S. Hlavé%, J. Kr&l, P, Oblo%insk§, I. Ribansk§
and I. Turzo

Institute of Physics, Slovak Academy of Sciences
899 30 Bratislava, Czechoslovakia

and

H. Helfer

Technical University, 8027 Dresden, GDR

Contributed Paper to the IAEA Consultants' Meeting on
Neutron Source Properties, Debrecen, 17-21 March 1980

May 1980






1.

20

3e

4.

Table of Contents

Abstract
Introduction

Neutron source description
2.1 High voliage power supply and terminal
2.2 Ion sources and acceleration tube
2.3 Beam transport
2.4 Target systems
2.5 Pumping
2.6  Diagnostic and control systems
2.7 Nanésecond pulsing system

Neutron source cells
3.1 Cells and ventilation

3,2 Shielding

Conclusions
Acknowledgement
References

Tables and Figures

Page

13

14






MULTIPURPOSE INTENSE 14 MeV NEUTRON SOURCE AT RBRATISLAVA:

DESIGN CONCEPT */

J. Pivard, S. Hlavdé, J. Krédl, P. ObloZinsky, I. Ribansky
and I. Turzo

Institute of Physics, Slovak Academy of Sciences,
899 30 Bratislave, Czechoslovakia

and
H. Helfer

Technical University, 8027 Dresden, GDR

A bs tr ac t: The present state of design of the multipur-
pose intense 14 VeV neutron source based on a D' ion beam and
a metal tritide target is reported. It is essentially a 300
keV electrostatic air insulated accelerator capable to accel-
erate a deuterium ion beam up to 10 mA. With such a beam and
12

n/s and
a useful target lifetime of around 10 h are expected. Vari-

a beam spot of 1 cm2, a neutron yield typically 10

ous users requirements are met by measns of three beam lines:
an intense, low current dc and a low current fast pulsed.

The key components of the intense source section are the
rotating target and the ion source. The rotating target is pro-
posed, with respect of the heat dissipation and the removal
of 3 kw/cmz, in continuous operation. A rotation speed up to
1100 rpm is considered. The ion source should deliver about
0.5 kW of extracted D' ion beam power. A duoplasmatron source
with an electrostatic beam focusing system has been selected.

Low current sections of the neutron source may operate
with a high frequency ion source as well. The dc section for
10 /s is designed with special re-
gard to beam monitoring. The fast pulsed section should prod-

maximum yields around 10

uce up to 1 ns compressible pulsed D' ion beam on a target

# . : :
)Talk given by J. P. at the Consultants Meeting on Neutron
Source Properties, Debrecen, Hungary, 17-21 March 1980
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spot with 5 MHz repetition rate.

The report includes information about other compo-
nents of the neutron source as a high voltage power supply,
a vacuum system, beam transport, a diagnostic and control
system and basic information about neutron source cells and
radiation protection.

l. Introduction

Interest in 14 “eV neutrons has been greatly stimulated
in recent years by two important applications - material
damage studies of controlled fusion reactors and neutron ra-
diotherapy. Neutron source requirements for material damage
studies have been reviewed by several authors {1-3]. In
general, a neutron flux density of 103 n/cm® s or greater is
needed at the location of the irradiated samples. For radio-
therapy a total yield of 102 -10%3 n/s will be sufficient,
giving a dose rate of 6 Gy/h about 80 cm away from the source
@]o Several neutron source concepts for intense 14 MeV neu-
tron generation in which the above men%ioned requirements are
considered have been developed so far. Some of them already
have been in routine operation for a long time [4~6]. At the
IPSAS, a study group has been formed to analyse first the
technical means for the development of a very intense neutron
generator and secondly to study in more detail its possi-
bilities for nuclear fundamental as well as applied research.
The results were partly reported elsewhere [7-8 } An important
conclusion was that the develonment should in any case proceed
via the intermediate step. Such a goal could be attained with
a reasonable chance in due course, given enough possibilities
for an advanced nuclear physics research. Further, it seemed
justified to concentrate simultaneously mainly on requirements
of neutron spectroscopy, so0lid state physics and accelerator
technology. ‘

The program of the IPSAS to develop intense, low current
dc and low current fast pulsed sources pf 14 MeV neutrons is
based upon the extrapolation of the technology of the D+bion
beam, the tritiated metal target system{9-11] and experiences
obtained by the authors of the oproject and other co-workers
at routine operation of two 150 keV Cockcroft-Walton accel-



erators [12].

The intense section of the neutron source should be capa-
ble to produce a 10 mA separated D' ion beam. The beam gener-
ated in an ion source is accelerated to an energy of 300 keV
by an electrostatic air insulated acceleration tube and
further transported to a rotation target chamber. With such
a beam and a fresh target a neutron yield of lO12 n/s, for a
beam spot of 1 cm® and a useful target life time around 10 h
can be expected. The rotating target is proposed with respect
to heat dissipation and the removal of 3 kW/cm2 in continu-
ous operation. A rotation speed up to 1100 rpm is congidered.
A duonlasmatron source with an electrostatic beam focusing
system has been selected for delivering about 0.5 kW/50 kV,

10 mA of extracted D' ion beam power. The section will be
used for'precise measurement of small reaction cross sections
with the aim to obtain information about clusterization in
nuclei as well as to study extremely weak reactions of astro-
physical importance.

The low current dc section has been designet to produce
a neutron yield of up to 10%° n/s. A commercial tritium -
loaded target on a copper or malybdenum backing has been con-
sidered. At a D' ion beam current of 0.l mA of 300 keV an
energy bombarding a 4.5 cm diameter target disk, a beam spot
of the size of 0.36 cm2 and a useful target lifetime of about
5 h are expected. The section may operate with a high fre-
quency ion source as well and replaces our o0ld neutron gener-
ator used so far. It will anable us in future to continue in
nuclear reaction cross section studies at better operation
conditions. Further, it is intended to exploit the section
for several application programs such as proton-induced-
X-ray~analysis and protonography to meet primarily solid
state demands. Also, it should serve for specific accelera-
tor testing purposes.

The low current fast pulsed section will be capable to
generate up to 1 ns a compressible D" ion beam on a target
spot. Here again a commercial tritium-loaded target is con-
sidered. At a D' ion beam current of 0.5 mA (mean current in
1 ns pulse) of 300 keV energy, a spot size of Ool.cmz
useful target lifetime of about 50 h are expected. The sec-

and a
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tion may also operate with a high frequency ion source under
continuous conditions, as weil as the dc section. The repeti-
tion rate of the gystem will be 5 MHz. The section will be
used for time-of-flight neutron spectroscopy and for studies
of the structure and decay modes of highly excited nuclear
states by means of a multidetector and correlation setup.

2. Neutron source description

The scheme of the neutron source is in Fig. l. Deuterons
are extracted from the plasma of a duoplasmatron or a high
frequency ion source. The beam from the duoplasmatron ion source
passes through a double focusing magnet which is placed directly
in the high voltage terminal. This magnet is designed for the p*
separation from molecular ions, allowing the acceleration tube
and the beam transport system to be optimized for a single
species. Also a sufficient conductance path is provided from
the ion sources to the acceleration tube and a 30 1/s (air)
auxiliary ion pump is used to pump .the ion source together with
the main vacuum pump. The Einzel lens is included to meet desir-
able focal properties of the acceleration tube. A4 slit is suit-
ably placed at the focal plane of the 20° magneto Sparking prob-
lems should be reduced by use of this low energy beam transport
gsystem. The unwanted molecular ions,; the energetic neutral frac-
tion and other unneeded gases produced by the ion source should
be removed from the high field region of the accelerator column.
Details of this design are under construction, yet. The beam
will be directly conducted to the acceleration tube if the high
frequency ion source is used. After acceleration, the beam will
be further passed either to the rotation target section or to
low current sections. Specifications of the various subsystems
of the neutron source are discussed in detail in the following
subsections.

2.1, High voltage power supply and terminal
The major high voltage components of the neutron source

has been delivered by TUR Dresden ('N.E.Transformer and Roentgen
Plant) . The scheme of this supply together with a capacitor bat-



tery, water resistor and stabilizer is shown in Fig. 2. The

basic characteristics (300 kV, 50 mA) are obtained through

double wave rectifying, capacitor stands and a stabilizer sys-
tem after increasing the voltage on the high voltage transfor-
mer. The assembling of the rectifying part is composed of Se
diodes. It has been designed in such a way as to allow an easy
diodes removal or replacement in the case of failure. The sup-
ply is constructed with resvmect to a long operation either at

40 mA/20°C or 30 mA/35°C. The high voltage will be regulated

by a motor=operated regulation transformer which is connected

to distribution mains through a mains stabilizer. The ripple
factor of the supply is 2.5%. The capacitor battery which consists
of 14 capacitors (1°5(ﬁF, 30 kV) is added in order to obtain bet-
ter parameters of the system. We shall be able to reduce the rip-
ple factor to 1 % by use of such a stand. Moreover, the whole
gsystem will be stabilized. Tests of a similar stabilizer [13-14]
showed a long term stability of 0.15 % in 5 h caused mainly by
thermal instabilities in the reference voltage system. Thus encr-
gy uncertainty of the D' ion beam will be better than 0.5 keV,
The high voltage power supply is separated from a neutron source
terminal. They are connected with a high voltage cable. Suitable
cable terminals are disigned to prevent a breakdown between a
polyethylene isolation and lead cable covering [15'16Jo

A high voltage terminal of an approximately 1.6 m2 surface
and 0.6 m high will contain the ion source and the associated
equipment. The proposed arrangement of the ion beam ontics in the
high voltage terminal at the configuration with the duoplasma-
tron ion source is shown in Fig. 3. Power will be supplied by a
10 kVA isolation transformer. A production documentation of the
isolation transformer has been developed in TIPSAS, wa; the
transformer is given to the production schedule of the IPSAS and
BEZ in Bratislava (N.E. Electrical Technology Plant).

The high voltage power supply will be connected to the ter-
minal through an 1 kgl.damping resistor to decrease the energy |
available in the sparkdown. An air-insulated crowbar switch may
be added. This sparkgap system can quickly short the terminal
to ground and protect to the acceleration column from spark dam-



age.
2.2. JIon sources and acceleration tube

The ion source selected for operation in this neutron
source will be a modification of the duoplasmatron source de-
veloped in Vakutronik Dresden (N.E. Vacuum Electronic Plant)
L17Je Its scheme is shown in Fig. 4. This type of the ion source
has been tested in routine maintenance in continuous operation
at 1 A and 2 A arc currents. The originsl version of the ion
source is capable of 23 mA dc at 55 kV with a beam divergence
less than 0.6 rad [18-19). There are considered changes of the
cathode current supply leads, the cathode, the anode Yo mask on
the plasma side of the extraction electrode and all gaskets for
the 10 mA target current applications.

Preliminary ion source- tests have been performed on the
50 kV test stand in TU Dresden. It has been shown that one can
achieve expected 20 mA beam at approximately 40 kV extraction
voltage. The test did not include the 20° double focusing magnet
for spacies separation. 4

The acceleration column assembly together with the high fre-
quency ion source is unique also for the production of the D+
ion beam. The point is in an electrodeless plasma formation. The
27 YHz radio=frequency power of 250 W is coupled to a ges with a
pressure of 1 Pa contained in a glass container. This causes an
extension of the high energy tail of the terminal energy distri-
bution of the few initiating electrons. The-ionization threshold
of the gas is then increased and secondary electrons are formed
and multiplied until the plasma gets so dense that the radiofre-
guency power is screened off and a saturation situation is
achieved. The ions are extracted through a rather narrow chan-
nel by biasing the plasma relative to the outlet. The source is
designed to obtain a 1 mA D' ion beam in the target spot at
about a 6 kV extraction voltage with a beam divergence of 1less
than 0.3 rad [19],

The acceleration tube [20—21] is composed of base flanges
fitted on the main body of the neutron source, with eleven high
voltage porcelain rings of a 14.8 cm inside diameter and 6.3 cm



length. Between the rings there are inserted aluminium elec-
trodes. The whole system is glued together with polyvinylacetate
foils. A lead seal is fitted between the polyvinylacetate layer
and the inner part of the tube to prevent any degassing of glue.
A uniform gradient below 5 kV/cm is maintained in air on the
outside of the tube. The acceleration tube has been made in
Institute of Nuclear Research, Warsaw. The scheme of the high
frequency ion source together with the acceleration column is
shown -in Fig. 5.

A multiple series resistor block (30 ML 30 kV) in oil
with a current draw of 1 mA will be used to grade the accele-
ration column, :

The optical properties of the tube have been calculated
without considering the effect of space charge. It has been
determined that a beam waist at the point near the switching
magnet will be created by use of the focusing Einzel lens

system.
2.3. Beam transport

The beam transport system should be able to pass the beam
from the accelerator and create the desired spot size on the
target. A major uncertainty in the design of such a system is
the influence of the space charge on the beam transport and a
degree of neutralization of the space charge in beam drifts.
This uncertainty effects both the strength and the number of
lenses required as well as the size or desirability of waists
or crogssovers in the beam.

Envelope calculations for the beam transport in the low
current sections for a two-beam divergence in the waist are
shown in Fig. 6 and Fig. 7. It has been assumed that the beam
is fully neutralized in all high energy drift regions and
deneutralized in the magnets and quadrupole lenses. By use of
three 5 cm aperture quadrupole lenses placed at 0.8 m, 1.5 m
and 1.8 m along the beam line in the dc section, a beam spot
with ordinates of 0.6 x 0.6 cm2 can be produced with the ana-
lysing magnet field of 0.46 T and a maximum field on the
second elements below 0.15 T,



- Two magnets are designed to draw the beam at the target
chamber of pulsed section. The beam is driven to a second ex-
perimental neutron source cell. By use of five 5 cm aperture
quadrupole lenses placed at 0.7 m, 2.1 m, 2.4 m, 4.6 m and
4,3 m along the beam line, a beam spot with ordinates of 0.06
x 0.6 cm2 can be achieved at the beam divergence of a 5 m rad
in the waist. We have considered the 90O magnet field of 0.75
T. The maximum field on the quadrupole lenses is below 0.09 T,

So far, however, envelone calculations for the beam trans-
port in the intense section have not been completed.

2.4, Target systems

In order to produce the intense 14 MeV neutrons a rota-
ting target is being considered in the intense section. It has
been designed to use 16 titanium tritide targets manufactured
in the USSR“@ZIO These targets are for us the most easily
available. The main data of the rotating target device and
paramneters of the targel elements are given in Tab.l and Tab.2.
The target lifetimes were calculated from data presented in ref.
[23—2410 A detailed scheme of rotation target system is shown
in ®ig 3. The target elements are loceted in a rotation disk
11. The layout of the targets through the disk "periphery" is
seen in Fig 9. The "ring" shaped target (Dint = 19 cm, Dext =
= 28 cm) contains totally 15 TBqg tritium. At the target oper-
ation, the target is cooled by water which is driven in the
centre of the rotating target assembly to a cavity from where
it is further delivered to eight 0.5 cm diameter channels.

Two targets are connected to one channel. To cool the target
to a suitable temperature with respect of the tritium des-
orption rate, it is necessary to supply the channels by a
sufficient amount of cooling water. Our design assumegs that
water consumption would not be higher than 70 1/min, which
corresponds to the minimum water velocity in channels of 1.5
a/s. |

The rotor is moved in a vacuum of 10-3 - lOc'4 Pa. It is
geparated from the high vacuum by three special "O" rings



sealing which are fixed by a support. Two simmerings separate
the vacuum chamber from the outside environment. The cavity
placed between the rings and the simmerings is pumped by a
differential pumping system. It involves a mechanical rotary
pump and a forline trap. The target chamber is pumped by an
EGZ 100 ion pump. The rotor is further.carried in two high
precision ball bearings which allow only a small frees vibra-
ticne We expect that the bearings will be suitable for target
operations at any speed to 1100 rpm although the necessary
target revolution rate for the heat dissipations of 1.5 kW/cm2
is about 35 ropm [25]&

Soecial attention has also been payed to studies required
to simulate the behaviour of a titanium tritide target at the
operation by the D" ion beam. Heat dissipation and heat transfer
problems have been investigated. It was assumed that the heat
"absorbed" into the surface layer of the target is only caused
by the stoppihg of the incoming deuterons. It is quicker trans-
ferred to the backing of the target than it is accumulated into
the surface layer. The heat transfer problem was subdivided
into three distinct phenomena, namely conduction,; convection
and radiaton. It was found that the heat transferred by con-
duction parallel to the deuteron beam axis plays a predominant
role in the heat balance. Therefore only conduction was consid-
ered.

Temperature changes in the surface layer and backing of the
target are given by the linear differential equation for heat
conduction. We have only calculated the changes in the backing
of the target which is thermaly 1isolated from the side and has
a good thermal contact with the cooling water along the back. The
backing is exposed to a pulsed deuteron beam with a rate q (q is
the rate of the heat input per unit time and unit surface). A
similar task has been solved in ref. [26-2'71° The results are
also summarized in ref. [2510

The calculated curves for two sets of values for the rates
q, n and the constant temperature difference T; - T, are shown

in Fig. 10 (n is the revolution rate, T; - the temperature of
the target backing in the y, layer at the time T'= 0 before

<+ ' .
operating by the D> ion beam and T, = the temperature of the
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cooling water)., The curves characterize the temperature distribu-
tion during and after p* ion beam actions in a target layer be-
tween TiT and the backing (Fig. 10). The curves a, b start at the
beginning of every period at 60 °c and 35 0C, respectively. This
also heolds for every end of the period. It can also be seen that
the temperature of the layer does not exceed about 115 °C both
for the rates 1.5 kW/cmz, 35 rpm and 9 kW/cmz, 1100 rpm at Tg--ﬂi
= 2.5 %C. The time dependent temperature calculations have been
done for an equilibrium loading cycle. The cycle sets in after
about 20 and 500 revolutions for the rates 1.5 kW/cmz, 35 rpm and
9 kW/cm®, 1100 rpm, respectively. The curves which confirm the
data are given'in Fig. 11; The calculations are performed for the
temperatures Te(max of 55 °C (curve a) and 30 °C (curve b) and
the constant temperature difference Th- T, = 2.5 °C [25].

The low current target chambers will use fixed targets for

the production of 14 MeV neutrons. Water is also used as a coolant
and is driven to a channel placed near the target periphery. Such

a target can be loaded up to 300 W/cm2 without considering the
tritium losses [23].

2.5, Pumping

One main and four auxiliary vacuum systems have been con-
sidered for pumping. The system is constructed from stainless
steel. Conflat flanges and copper gasket seals will be used
throughout the high vacuum side. In solenoid valves VITON rings
will be used and in the target chambers In(Al) wire rings. The
high vacuum part is entirely bakeable.

The scheme of the main pumping unit is shown in Fig. 12. A 2000
1/s diffusion pump together with a baffle, a liquid nitrogen
trap, two sorption Zeolite pumps, a foreline trap and a rotation
pump will be used. The effective pumping speed of the pump in
the region of the beam source corrector is 250 1/s for air at

a pressure 10"2 Pa., The effective pumping speed of the pump in
the region of the ion source is about 60 1/s at a pressure

2 x 1073 Pa. This pumping speed together with the speed of the
auxiliary ion pump are also sufficient to pump the duoplasmatron
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ion source in the generation of a 20 mA deuterium beam at a
pressure 2 x 1075 Pa. As sorption pumps the EGS 500 type produ-
ced in HV Dresden (N.E. High Vacuum Plant) have been considered
{?810 The pumping speed of the pump is 40 1/s when zeolite 5 A
is used. The foreline trap has also been designed with an expec-
ted conductivity higher than 10 1/s. Zeolite 13X is used for
puamping oil vapours, whicﬂ are desorbed from the rotation pump.
There is only one rotation pump considered for repumping the
neutron source or the target chambers from atmospheric pressure
to 10 Pa. The diffusion pump is obviously pumping in connection
with the sorption pumps. Dynamic pressures lower than lO'==4 Pa
without carbon componets are expected in the region of the beam
source corrector and the target chambers. The pressure inside
the system is measured by a thermocouple and ionization gauges.
Such pumping gnit has been delivered by Tesla RoZnov (N.E. High
Vacuum Division, Opo&no, JSSR).

An automatic liquid-nitrogen level controller and transfer
system for the liquid-nitrogen trap and sorption pumps will be
used {?9=3Q]a A liquid-nitrogen consumption of sbout 2 1/h is
expected. :

The auxiliary vacuum systems (Fig. 1) will be used for
pumping of pulsed beam line and all target chambers. They are
based on the EGZ 100 type ion pumps produced in HV Dresden,
The pumping speed of the pump is 100 1/s for air at the pressure
of 10~2 Pa.

2.6, Diagnostic and control systems

To operate the neutron source in a reproducible fashion
for experimental work, diagnostic devices are required for all
beam lines. '

It has been considered to make exit ports for the neutrsal,
D2+ and D3+ beam components extracted from the duoplasmatron
ion source in the vacuum "chamber" of the 20° double focusing
magnet in the high voltage terminal. Experiments will be made
to determine the emittace of the D' ion beam. The suitable data

will be transmitted from the high voltage terminal to the ground.
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Simnler systems are considered for beam scanning in the beam
line: noninteractive beam scanners will probably be used for
measuring the high intensity beam profile. Beam profile measu-
rement at one location along the intense beam line should provide
information about the target spot size.

Dynamic beam monitors {311 and beam catching targets E}Zl
have been designet for the low corrent target chambers.

‘leagsurement of neutron yields may be carried out with pro-
ton recoil counters in the intense section and with monitoring
silicone detectors in the low current sections.

Since the neutron source will operate at one energy and
nroduce a single ion species the control of the neutron source
and ihe beam transport systems will be simple. The computer
control of the neutron source does not offer essential opera-
tional advantages. There is, however, a certain spéce for con=-
trol by the microprecessor system. The controls of most parts
will be hardwired in the neutron source. An optoelectronic chan-
nel for the control of power supplies, etc. in the high voltage
terminal has been designed. Analog information Trom the terminal
tno the ground will be transformed to digital form and transmit-
ted via multiplexed fiber optic system.

2.7. Nanosecond nulsing system

For an increasing number of experiments EBBE it is necessary
to have very short (1 ns) pulses of 14 MeV neutrons with a high
pulse power. 3uch pulses will be generated in a low current
pulsed section in two steps. In the first step, ion pulses of a
length of 46 ns will be produced in a chopper. In the second step
these pulses are compressed to the required length in a bunching
system [34—351o The main data of this system are given in Tab. 1.
The analysed beam will be deflected by a pair of plates and the
unwanted part of the beam will be étOpped by a chopper slit. The
46 ns pulsed beam is further driven to a buncher through a 90°
bending magnet. The chopper is separated from the terget room of
the puvlsed section to prevent a D-D neutron background. The
buncher has been designed with three bunching slits. A compres=
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sion ratio T/ At = 0.02, at the buncher frequency 10 VHz is ex-
pected (T = 1lns, &t = 46 ns).

3. Neutron source cells

The structure of the laboratory which involves the neutron
source must provide shielding from both promt and induced ra-
diation. All irradiation of materials and handling of activated
samples must be carried out in a shielded room sepsrated from
the control =2nd light laboratory areas.

3¢.1e Cells and ventilation

The IPSAS neutron source is mounted in four rooms: the power
supply room, the accelerator room with the intense and the low
current dc beam lines, the low current pulsed beam line room and
the operating room. A floor plan for the facility is shown in
Fige. 13. The total area of the neutroh source rooms is approxi-
mately 100 m2o Suitable doors have been designed to ensure bioclo-
gical protection. The rooms are equipped with a ventilation sys-
tem capable to exchange air completely four times per hour under
S.Cce Tritium outgassed from the targets during the production of
14 MeV neutrons will remain within the vacuum systems, therefore
no hazsrd of tritium contamination during operation is expected.

3.2. Shielding
' a

Shielding of promt radiation is provided by at least 80 cm
thick concrete walls around the source. All the shielded rooms
except the corridor are accessible and do not see the neutron
source directly. A maximum dose rate outside the shielding of
the neutron source will be less than 0.0l mGy/h [36]o The dose
reduction factor of the 80 cm thick concrete wall is 5 x 10~ %.
The dose rate of the target assembly and other components of
the target cell immediately after shut down will be very high
(approximately 20 Gy/h [6]L This level will be decreased after
several hours. We expect that the target assembly can be removed
and replaced after about 24 h,



- 14 -

4. Conclusions

The characteristics of the multipurpoée neutron source
utilizing a rotetion target in the intense section and fixed
targets in the low current section for generating 14 MeV neu-
trons, the techrnology of critical components and the actual
design characteristics have been shown. With this neutron source,
together with the rotation tesrget, it should be possible to imn-
nrove significantly irradiation possibilities in the future,
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Tab. 1. IPSAS neutron so

Target: TiT atomic ratio
Diameter (cm)
Effective diameter (cm)

Thickness of target backing (cm)
Thickness of TiT layer (um)

Concentration of tritium

Tab.

' Figo 10
‘source.

urce parameters

CuTiT (MoTiT)

4.5
4

(GBq/cm?) 60

0.03
2 =5

2. Specification of tritium target elements

INTENSE L.OWw
SECTION CURRENT SECTIONS
DC PULSED
Beam energy (keV) 300 300 300
H V supply current (mA) 50 50 50
Target current (mA) 5 = 30 0.1 0.002
Spot size (cm2) | 1 0.4 0.1
. Target diameter (cm) 30 4.5 4.5
Heat dissipation (kW/cm®) 1.5 - 9 10” 107
Target speed (rpm) 35 = 1100 - -
Neutron yield (n/s) 5x101% - 331072 1010 2x10°8
Maximum £lux (n/cm? s) 4x1010 - 2x10't  ex108 2%x107
Sample-target (cm) 0.7 0.9 0.9
distance
Target lifetime (h) 10 5 50
Beam compression (ns) - - 46 - 1
from - to
Repetition rate (MHz) - - 5

: 1.5

The layout of major components of the IPSAS neutron
1 - ion source, 2 - column resistors, 3 - accelerator

tube, 4 - main vacuum system, 5 - beam corrector, 6 - gate

valve, 7 - quadrupole lens, 8 =

monitor, 9 = static beam

monitor,; 10 - target chamber, 11 - auxiliary vacuum system,

12 - water cooled target, 13 = water cooled slit, 14 - bean

profile monitor, 15 = rotating target, 16 - analysing -
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- switching magnet, 17 - chopper, 18 - slit, 19 - diaphragnm,.
20 - 90° magnet, 21 - bunching system, 22 - pick - up system,
TG - thermocouple gauge, IG -~ ionization gauge, IT 300 - iso~-
lation transformer, HVT - high voltage terminal and HVPS -~ -
high voltage power supply.

Fig. 2. The scheme of the high voltage power supply. 1 - regu=-
lating transformer REQ gs 16/380, 2 - high voltage transformer
REOI (2) 25/300/C, 3 - Se rectifier, 4 - resistor, 5 - multi-
plier capacitors, 6 - protective resistor, 7 - elektro~hydrolic
discharger, 8 - water reistor, 9 - high voltage cable, 10 = cable
terminal, 11 - capacitor battery, SPS - stabilized power supply
AUT 350x3 and HVS - high voltage stabilizer.

Fig. 3. The scheme of the high voltage terminal of the intense
section of the accelerator. 1 = 300 kV equipment dome, 2 = 50 kV
duoplasmatron dome, 3 - solenoid valve, 4 = cathode feedthrough,
5 - cooler, 6 - Pd valve, 7 - holder, 8 - anode, 9 - ceramic,

10 = 50 kV feedthrough, 11 - analysing - focusing magnet, 12 -
beam monitor, 13 - accelerator tube, 14 - feedthrough, 15 - ion
pumpy SP - sorption pump and IG - ionization gauge.

Fig. 4. Duoplasmatron ion source scheme. 1 = solenoid valve,
2 - intermediate electrode, 3 - coil; 4 - cathode, 5 - anode,
6 - extraction electrode, 7 = P4 valve, 8 - focusing elec-
trode, 9 - electrical feedthrough, SP - sorption pump and
ELS - Einzel lens system.

Fig. 5. High frequency ion source and acceleration column
assembly. 1 = 300 kV equipment dome, 2 - high frequency coil,

3 - Helmholz coil, 4 - extraction electrode, 5 - focusing elec-
trode, 6 - acceleration tube, 7 - Pd valve, 8 = solenoid valve,
"9 = ion pump and IG - ionization gauge.
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Fig. 6. Envelope for a trial beam transport system in a low
current dc section. 1 = analysing - switching magnet, 2 -
quadrupole lens and 3 - target.

Fig. 7. Envelope for a trial beam transport system in a low
current pulsed section. 1 = analysing - switching magnet,
2 = quadrupole lens, 3 - 90° magnet and 4 - target.

Fig. 8. Detailed scheme of the rotation target. 1 - V belt,

2 - pulley, 3 - beam tube, 4 - isolation support, 5 - bearings,
6 - simmerings, 7 - ring, 8 - target, 9 - support, 10 - sealing
"rings" 11 - rotor, 12 - water channels, 13 - stator, IP - ion
pump, DP = differential pump and ¥ - electric motor.

Fig. 9. The layout of the 45 mm targets through the rotation
disk "periphery". 1 - target segment, 2 - water outlets, 3 =
water inlets and 4 = clamping ring.

Fig. 10. The temperature of the target copper backing in the
target layer between TiT and the backing versus the target
heating and the target cooling time. P is poriod defined as
1/n, n being ropm.

Fig. 1l. The influence of the revolution of the rotation target
to the temperature of the conper backing in the target layer
between TiT and the backing.

Fig. 12, The scheme of the neutron source main pumping unit.

1l = rotary pump, 2 - adsorption trap, 3 - vacuum relay, 4 -
sorption pumps, 5 - vacuum reservoir, 6 - beam corrector,
7f'p18te valve, 8 = LN2 level sensing elements, 9 = trap,

10 = baffle, 11 - diffusion pump, 12 - pump heater, 13 - safety



valve, 14 - LN2 reservoir, 15 - solenoid valve, TG - thermo-
couple gauge, IG - ionization gauge, M - electric motor, A-SM
analysing - switching magnet and M¥ - membrane manometer.

Fig. 13. The floor pnlan of the multipurpose neutron source.
HVTr - high voltage <ransformer, MC - multiplier capacitor,
R - resistor, WR - water resistor, CB - capacitor battery,
HVT - high voltage terminal, VS - vacuum system, IT - isol-
ation trensformer and RT - rotating target,
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