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Summary. A large electrostatic tandem accelera-
tor has been designed to provide a nuclear structure
facility in Britain. The mach1ne is intended to

operate initially at a terminal potential of 20 MV,
with subsequent upgrading to 30 MV. The design of the
facility is described, including the choice of main
parameters, the beam optics, column construction,
charging system, instrumentation and buildings.

extensive development programme on high voltage

problems is being carried out.

An

Introduction

For some years there have been discussions in the
United Kingdom about new facilities for nuclear struc-
ture research. These finaily Ted to a proposal to

build a large tandem electrostatic accelerator to
function as a national nuclear structure facility.

The accelerator was to be suitable for acce1erat1ng
beams of all ions, particulariy heavy jons, to operate
with a terminal potential of 20 MV, and to be capable
of development to a terminal potential of 30 MV.

The Science Research Council approved a proposal
that a design study be carried out by the Daresbury
Nuclear Physics Laboratory. This study was started in
April 1971 and completed in September 1972. It covered
the design of the accelerator, asscciated plant, and
buildings, and included an extensive programme of
development and tests in the field of high voltage
technology. The costs and manpower requirements were
determined.

A strong group has been set up within the labora-
tory to work cn the project. In addition, considerable
effort has been devoted to the project by outside
bodies and co-ordinated and contrelled by the labora-
tory. The main outside contributors have been the
United Kingdom Atomic Energy Authority (Risley,
Aldermasten and Harwell) and the universities of
Manchester, Reading, Salford, Birmingham and Liverpocol.

ne Science Research Councii a tre

design study, and has also approved

ratification by the

subJect tc
Department of Education and
Science, the cecnstruction of the nuclear structure
facility.

General Features of the Machine

There are several complex factors which determine
the general features of the machine. Amongst the most
difficuit decisions to be made are those governing the
size of the accelerater which must be large enough to
allow the required potential to be maintained but must
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as possible to minimise cost.
Tt was decided to build the machire in a vertical
gosition. This simplifies structural problems scme-
whal while such an arrangement makes adequate space
available for experimental areas by using a 909 analys-
ing magnet capablie of rotation about a vertical axis
to direct the particle beam into one of a number of
beam lines. A similar magnet at the input end of the
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machine allows several ion sources to be deployed in a
circle in the injector room. This arrangement provides
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excellent access to the sources, scme of which are

1ikely to be large and complicated and require frequent
servicing.

The pressure vessel is to be cylindrical with
domed ends. The manner in which cost varies with
1ength diameter and design pressure has been analysed

and related to the insulating properties of the gas

in order to choose the optimum combination. The inside
surface of the vessel will be covered with a liner of
high surface finish., It will be insulated from the
vessel walls and could be used in the voltage stabilisa~
tion system of the machine if required. Ports and
penetrations in the vessel walls have been kept to a
realistic minimum.

Many of the main components of the accelerator are
illustrated in Fig. 1.

The overall dimensions of the machine have been
determined using results of the high voltage test
programme and by examination of the performance of

machines at present operating. Two electrostatic field
that can easily be determined for existing
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machines are:

a) The radiai field £y at the cylindrical surface
of the terminal. This is normally around 16 MV/m or
less but there is good reason to believe that signifi-
cantly higher values may be possible.

b) The axial field. The upper limit at present
for acce1erator tube gradients is around 2.2 MV/m.
There is no evidence that this will increase signifi-
cantly but in view of the possibility of increasing

radial gradients, any improvement in tube design would
allow operation at higher terminal potential V.

The NSF tandem has been designed such that these
gradients are reached when Vg is approximately 30 MV.

The field Ep on the terminal is calculated assum-
ing that the terminal and the accelerator tank are

infinite concentric cylinders of radius r and R. It

is possible to run at higher terminal potent1als Vo for
the same Eq by installing an intershield operating at
an intermediate potential and with radius ri between

r and R. The design provides for an intershield,
though the accelerator could be run initially without
it : the stack is consequently of constant diameter.

Possible configuraticns with a wide range of
values r/R have been considered, and a value of 0.4

finally seiected. The intershield potential was chosen
to be 2/3 that of the terminal. This is close to the
optimum and is convenient for other reasons. The

shapes of the terminal, intershield and hoops have been
determined toc minimise locel fluctuations in total
field strength. The hoops have a diameter of 50 mm and
are spaced at 72 mm centres.
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TABLE I

Tank length =45.22m
Tark inside radius = 4.07 m
Tank liner radius = 3.92m
Tark max. design pressure = 0.83 MN/m? (120 psi)
Tank max. working pressure = 0.76 MN/m? (110 psi)
Centre terminal length = 4.50m
Centre terminal radius = 1.50m
Stack active length = 13.40 m
Stack radius = 1.15m
Long dead section
length (2) = 1.50m
Short dead section
length (4) = 0.50m
Intershield outer radius = 2.34 m
Intershield inner radius = 2.24 m
Intershield potential = 2/3 x terminal potential

The dimensicns above provide radial and axial gradients
of 16.5 MV/m and 2.24 MV/m respectively at 30 MV. The
electrostatic field distributions in the vicinity of
the centre terminal have been calculated using a
computer program! which has been extensively developed
at Daresbury Laboratory. The results, shown in Fig. 2,
show ccnsiderable improvement over distributions for
existing machines.

The centre terminal is designed to contain both
a gas and a foil stripper while two further foil
styippers are located in the short dead sections.
The short dead sections also contain vacuum pumps
while the Tong dead sections contain magnetic quadru-
pole lenses. The insulating gas is sulphur hexafluor-
ide (SFg) and the gas handling plant has been designed
to allow emptying and re-filling the vessel in about
24 hours.

The Beam Path through the Accelerator

The accelerator is required to handle beams of all
ions, including pulsed and polarised beams. Also, the
beam aperture must be kept as small as possible in
order to allow high tube gradients and terminal
potentials to be attained. Consequently it was
necessary to design the beam optics in detail. An
interactive computer program nas been developed at
Daresbury Laboratory®, and includes the effects of
stripping, multiple scattering and beam acceleration
as well as those of a number of ion optical elements
both magretic and electrastatic. This has enabled a
trorough study to be made of the system?. Several
psints should be noted. There is a cross-over close
ts the entrance of the low energy tube, to allow
accurate beam alicnment imrediately prior to accelera-
tion and te minimise the lens effect of the tube
entrance. Two uniform field magnets folilow the
stripper in the centre terminal to remove unwanted
charge states, a function particularly important with
heavy icons.

With this system the beam size is always less

12 mm in the low energy tube, and Tess than
- 20 mm in the high energy tube. Fig. 3 shows a
typical computer nlot of the beam optics for '-77 with
21 MY on terminal and 280 keV injection energy.
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Magnet design is well advanced. Heat dissipation
is important and temperature tests on prototype coils
in SF. are under way.

A conventional two-gap klystron system is used for
producing bunched beams*. Peak klystron voltages range
from 20 kV for very light ions to a few kV for very
heavy ones, at a bunching frequency of 5 MHz. Beams of
1 to 5 ns duration will be produced.

Detailed calculations have been carried out for
polarised beams, on collimator positions, on higher
order optical effects, and on the precision required in
setting up and aligning beam elements. The vacuum
system will operate at Tess than 1075 N/m2 (about 1077
torr) and methods have been developed for making acce-
Terator tubes free of organic materials. A test rig is
in operation to study the stripper pumping system.

Column Construction

The design of the accelerator column has developed
in close association with an extensive high voltage
test programme at Daresbury Laboratory and at AWRE
Aldermaston. Both d.c. and pulse tests on encapsulated
samples using a 1.5 MV Van de Graaff accelerator and a
600 kV Marx generator have been used to compare a wide
range of insulator materials, and studies have been
made of the initiation and development of breakdown both
on the surface and in the main volume of the insulator.
The insulator tests indicate that glass has advantages
over ceramic, and that scme types of glass meet our
requirements particularly well. Work has been done to
determine the degree of stress relieving required, and
to what level impurities and flaws must be reduced.
Column sections constructed of suitable glass insulators
protected by annular spark gaps have been operated
successfully for many hundreds of hours in the 6 MV
Aldermaston tandem at gradients of 3.3 MV/m. Llarge
numbers of tank sparks Teading to high voltage surges
have been deliberately produced tc make the tests as
severe as possible. Extensive tests have been carried
out on spark gap configurations and resiszor assemblies,
leading to satisfactory designs.

Twelve stack legs consisting of glass insulators
protected bty annular spark gaps are used, Fig. 4. The
structure is modular, each leg section beirg 820 mm
Tong, of which 744 mm is active insulation, the
remainder containing an adjustment mechanism which
allows the leg section tc be removed from the stack for
repair or replacement. ihe accelerator tube will have
the same modular length. The modular sections of the
column are separated hy 100 mm thick aluminium bulk-
heads each of which cocntains apertures through which
pass the beam tube, the charging system, tne control
rods and the drive shaft fer tke in-Tine alternators
which provide electrical power at tne dead sections
and the centre terminal. A full anaiysis is at present
being made of the static and dyncmic mechanical proper-
ties of *he column structure.

The machine components will be sorviced “rom a
small Tift inside the cclumn and from a larger annular
11ft arsund the perimeter of tne column. Perscnnel
sccess ports intc the pressure vessel ars provided ao
the top and at the hase of the vessel.

Charging System

The conventional belt charging systen has several
disadvantages, such as fluctuations in the charging
current, uncertain lifetine, and the production of dust.
An alternazive method is to induce electrical charge on
a series of conductors separated hy insulating material,
as in the successful Pelletron develcped by R.G. Herb.



Stable charging conditions are obtained, but the charg-
ing current is lew. This limitation has been overcome
in a charging system called the Laddertron, developed
jointly by Daresbury Laboratory and the University of
Reading In 'Vis device each conductor is constructed
from small LyllHuClb JOTﬂEU together by an e]ongated
bar. The latter prcvides a large surface area for
charging and overcomes vibration problems which occur
in a simple single chain system. Successive conductors
are flexibly joined together by insulators to form an
endless ladder-shaped structure. Built-in annular
spark gaps arourd each insulator act as protection
against voltage surges. The Laddertron has been

the 1 MV Van de Pw::{:-{-‘ gc«.nowni‘r\w at the

nowated in
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Uﬁiversity of Reading and on short circuit it provides
a total up and down charge current of 550 uA at a speed
of 15 m/s.

Life tests have extended over many hundreds of
nours and it is realistic to design for a life expect-
ancy of 13,000 hours for the final version of the

device.
device

Electrical tests on a larger mode] for the 30 MV
machine have been carried out, and the spark gap
geometry optimised. A gap nose radius and separation
have been determined such that a factor of two safety
in the spark gap breakdown voltage is obtained in
gradients up to 2.2 MV/m.

Instrumentation and Control
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The control systems are being kKept as simpie
possible for the sake of reliability, but there wi
inevitably be more diagnostic and control elements
inside the pressure vessel than in earlier electro-
static accelerators because of the extra lenses
required to keep the beam diameter small.
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Tight beam will be used to transmit

§
maticn both to and from components

sure vessel, and tests on a prototype system are

in progress. It is not intended, however, to finalise
detaiis of the controi system within the vessel for
some time. To provide for the considerable interaction
necessary between controls for the injector system, for
the accelerator itself, and for the accelerated beam,
a1l computer will be used. A colour television

y ,nv has deen develored for use with the control

cor pu ers,

incide the
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and is now being manufactured commercially
under licence.

Tests or the reliability of power supplies and

ectronic components far use in the pressure vessel
undey way in the terminal of the AERE Harwell
Tts have been obtained on

ndem, and useful resu
JLrLcnwng requirements for circuits exposed to the

(D")

strong electromagretic fields generated by high
voltage sparks.

N sign of control systems for slant cutside
1 is now virtually conplete in
net fully defai]e' A1l plant

menitored and controlled remotely,
an be readily adapted to computer
ﬁfj x,ntro] and data logging.

al methods of stabilising the energy of the
beam are being considered. These consist
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Accelerator Tubes

The component which most often limits the perform-
ance of an electrostatic accelerator is the accelerator
tube itself. A programme of development work has been
started on tube design and performance, and it
expected that this will be a continuing part of the work
of the Laboratory.

is

It is generally accepted that accelerator tute
breakdown is initiated by some sort of multiplication
of secondary particles within the tube, and the very
considerable success of tubes using off-axis electric
to ADF'I act unw rantad

uniwanieu

magnetic field components

particles into the side of the tube lends some support
to this view. Such tubes can lead to problems in that
they cause deviations of the primary beam from the tube
axis, sometimes leading to difficulties in alignment
which can be serious if a variety of charge states is

to be accelerated. Although neither of these objections
is fundamental, an attempt is being made to develop a
tube design based on a different principle. The leng
of the tube is divided into short active sections
separated from each other by a system of biased apertures
in dead sections. Careful attention to the details of
electrode shape, based on computed trajectories for
particles originating at the electrodes, has shown that
it is possible to avoid multiplicative processes, while
solutions to the electric field near the insulator-
electrode junction nave led to an insulator profile
which, together with the electrode shape, ensures that
partic]es originating anywhere on the electrodes are
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i Sections of tube of different length and of varicus
electrode and insulator materials are being assembled
and tested.

Surge Phencmena

It is well known that electrical discharges occur
in elertrostat1c accelerators and lead to serious
overvoltages occurring across components. These

frequentiy cause breakdown and damage. Littie work has
been done in the past, either theoretically or experi-
mentally, to study these surge phenomena. It is clear
that the problems become rapidly more sericus as the

term1na1 potential increases, and because of this a
of study was started at Daresbury

tudy sta esh abhcratory
Laboratory.
To date various simp1e electrical eguivalent
circuits have been used to obtain computed prediction

of surge voltages. The method of Kiss® and Rose &
Milde7, in which the accelerator column is represented
by a series of inter-plane capacitances with each plane
having a capacitance to ground, has now been extended
to tandem structures having an intershield®. Extensive
computations have been made of overvoltages resulting
from a variety of breakdown conditions.

The structure of the accelerator, consisting of a

central coclumn of hoops and plates located in a _/11nd—
rical pressure vessel, may be considered as a coaxial
transmission Tine. Tnis is the basis of a second

approach to the problem. Suitable boundary conditions
allow for the noop and equipotential plate configura-
tions, and voltage and resonant frequency parameters
are computed.

with
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structures and on an actual 1.5 MV Van de Graaff. A

capacitive device for meaJurwng surges with a very high
division ratio (107:1) anc a wide bandwidth ({320 MHz)
nas been produced. Other devices are being developed.
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Pilot Machine

A pilot machine is under construction at Daresbury
Laboratory as a test machine. This consists of a
column about 3 m high, made up of 4 of the standard
modules as designed for the actual accelerator,
surrounded by a terminal shaped for optimum electro-
static performance. The structure is contained in a
suitable vessel, and a complete gas handling system
enables this *o be filled with sulphur hexafiuoride
up to a pressure of 1 MN/m?. Charging will be by a
Laddertron chain. Components such as stack legs and
protective systems, control mechanisms, power suppliies
and pumping systems will be tested in this machine,
as well as the laddertron itself. In addition one of
its most impertant roles will be in tube development.

Qutput Beam Energies

In calculating output beam energies® the charge
state predictions of Dmitriev and Nikolaev!® have been
used both for gas and for foil strippers. The inclus-
ion of strippers within the high energy accelerating
tube, in addition to the stripper in the centre
terminal, results in considerable gain in output energy
though at the expense of beam intensity. Table II
gives some idea of the beam output energies to be
expected with a three-stripper system, the strippers
being at potentials of Vg, £¥g and iVy. Also indicated
are the heaviest jons whichwill be able to overcome
the Coulomb barrier on a uranium target, the 'Hilab'
Coulomb barrier expression having been used in these
calculations.

Because of the advantages of using a foil stripper
in the terminal, a jointly sponsored development
programme is under way at Harwell in an attempt to
obtain a better understanding of the processes limiting
stripper foil lifetimes.

TABLE II

1 o

! : IMass number!
Cu iBr - I .U

Terminal Stripper I : ; of heaviest
Voltage Conditions  MeViMeV.MeViMeV ion on
% i } uranium

30 MV 2 strippers gf 550%5903660i 700 120

2 striopers gf i !

“intensity down 6101660"750i 300 130

by 10 ! i :

2 strippers ff 1610/680'790] 915 145

: i ! i

12 strippers ff l ‘ :

|intensity down 640 720 850;1023 155

by 10 : ‘

'3 strippers gff 560 620,730 860 140
20 MY 2 strippers gf (300 330 360 363 20

2 strippers gf

intensity down 360 380 420 423t 30

by 10 ! : :

2 strippers ff %350 400 440 46Cl 95

2 strippers ff } :

intensity down 400 430 510 550 105

by 10 } !

3 strippers gff|310 360 400 420 30 !

i
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Buildings

The building layout has been arranged so as to keep
as much as possible of the area around the foot of the
tower available for beam rooms while still allowing
easy access from the counting rooms and service areas.
Frem Fig. 5 it can be seen that the three experimental
areas together occupy more than 2100 out of 360°9. Each
area has a radial dimension of 20 m allowing sufficient
space for three beam lines, one of which could contain
a large spectrometer. The spare space wculd be used
later to add a second stage accelerator cr more experi-
mental areas depending on the long-term requirements of
the Taboratory, while the whole complex has been so
orientated relative to the contours of the site at
Daresbury that 100 m flight paths would be available
through two of the experimental areas. A radio-chemistry
facility could be located on a mezzanine floor above
part of the largest of the main experimental areas.

Its shield wall positions are marked by dashed lines
in Fig. 5. It is not yet known whether this facility
will be authorised but it can easily be added at a
later stage. It would make use of the relatively high
intensity of the un-analysed particle beam leaving the
accelerator when more than one stripper is in use.

The design of the area allocated for control,
counting and computing requirements has been looked at
in some detail. It is proposed that a single large
room should be provided but that the arrangement of the
services, especially the air conditioning, be so
designed that the area can be easily divided into
separate functional compartments if this is considered
desirable at any stage of the project. The contrcl and
counting room is located above the workshop and assembly
area and the clean room. The floor level of this room
is 4.5 m above that of the experimental areas. A
shielded passage around the outside of the tower at this
level allows access to each of the areas by means of a
light staircase.

The walls of the accelerator tower building will
be of thickness 1 m as will the injector room floor
and the experimental area roof. The dividing walls
between the experimental areas will be 1.3 m thick.
These thicknesses allow adequate shielding for personnel
and equipment.
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Fig. 5. Ground floor plan of the nuclear structure
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Cut-away drawing of the tandem accelerator.
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