
RIGHT:

URL:

CITATION:

AUTHOR(S):

ISSUE DATE:

TITLE:

Kyoto University Tandem Van de
Graaff

Sidei, Tsunahiko; Muto, Jiro; Kumabe, Isao; Ogata, Hiroshi;
Takimoto, Kiyohiko; Okuma, Yasuhiko; Inoue, Makoto; ...
Inoue, Koichi; Takabe, Toshio; Ohama, Taro

Sidei, Tsunahiko ...[et al]. Kyoto University Tandem Van de Graaff. Memoirs of the Faculty
of Science, Kyoto University. Series of physics, astrophysics, geophysics and chemistry
1967, 32(1): 17-33

1967-09

http://hdl.handle.net/2433/257494



Memoirs oÅí the Faculty of Science, University of Kyoto S

        Geophysics and Chemistry, Vol. XXXII, No.
eries of Physics, Astrophysics,

i. Article 2, l967.

KYOTOUNIVERSITYTANDEMVANDE GRAAFF

                                 By

Tsunahiko SIDEI, Jiro MUTO, Isao KUMABE, Hiroshi OGATA,
Kiyohiko TAKIMOTO, Yasuhiko OKUMA*, Makoto INOUE",

                        Yoshinori OGATA

         Department of Physics, Faculty ofScience, I<yoto University, Kyoto

           Yoshiaki UEMURA, Sukeaki YAMASHITA

            Institute for Chemical Research, Kyoto University, Kyoto

   Gen IMAMURAt, Takashi TAKAGIt, Yasuhiro YOKOTA,
                          K6ichi INOUEt

   Research Laboratory of Mitsubishi Atomic Power Industries Inc. Omiya, Saitama

              Toshio TAKABE and Taro OHAMA
  Central Research Laboratory of Mitsubishi Electric Corporation, Amagasaki, Hyogo

                         (Received A(Iay 30, 1967)

                              Synopsis

   A tanclem type Van de Graaff acceierator at the Department of Physics in I<yoto
University is described. I])etails of the accelerator, ion opticai arrangement, structure of

the columns, acceleration tubes, vacuum system, negative ion injection system, generation

and control of the high voltage, beam analysing magnet and switching magnet, high pres-

sure gas system, building and general arrangement of the equipments are presented.
The course of the construction and test of the machine is also described with the speci-

fications of the machine and its performances.

gl. Introduction

    The Department of Physics in Kyoto University had a plan to build a Van de
Graaff accelerator for the nuclear research since 1957. IR 1962, this plan was sup-
ported financially by the Ministry of Education.

    In the tandem Van de Graaff the ion source is located outside of the pressure
tank at the electrically grounded potential, providing easy access for maintenance and
adjustment and aiso easy modification for the experimental purposes. That is an
important advantage of the tandem type Van de Graaff comparing to the ordinary
type. There are tsAio possible types oftandem Van de Graaff, vertical and horizontal.
The latter type of the machine is more convenient to use and is more suitable for the

* Now at Department of Physics, F. aculty of Science, Osaka University, Toyonaka, Osaka.
t New at Centrai Research Laboratory of Mitsubishi Electric Corporation, Amagasaki, Hyogo.
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laboratory building but is more complicated for the mechanical construction.
    The construction of a horizontal tandem type Van de Graaff acceierator started
under ajoint team of research staffs of Kyoto University together with the members
of the Mitsuhishi Atoinic Power Industries Inc..
    Various experimental tests for the engineering, especially concerning the me-
chanical strength of the column structure of the accelerator, were carried out, because

the construction of the horizontal tandem type Van de Graaff was the first experience

    In !964 mechanical construction of the machine was finished !n a building of the
Department of Pliysics. Since then tke test operation began to achieve the goocl per-

formance of the machine.
    In this report, some details ofthe structure, the function ofthe components and
the perfbrmances of the machine are described.

g2. Specifications and Performances

    General views of the machine are shown in the pkotographs ef Irig. 1. Specifi-
cations and perforrnances are listed in Table 1. The maximum voltage genei'ated by
this machine is about 6.3 MV without the acceleration tubes and 5.5 MV with
the ion acceleration. These voltages are over the previously planned value.
    The beam currents depend on the acceleration voltage and are under the previous-
ly expected value at the high acceleration voitage but is riot iRsuracient for the nuclear

research works.

    The plan and e!evation vievvs of the machine are shown in 1?ig. 10 at the end of
this article.

53. Building and GeneraR Arrangement of the Equipments

    The genevaI arrangement in the tandem Van de Graaff building is shown in
ITig. 2. The building contains three main parts. [I]he accelerator room houses main
parts of the tandem type Van de Graaff accelerator and has been designed suffi-
ciently long enough to draw out the inner part from the pressure tank. The negative
ion injection system, the high voltage generation system including the acceleration
tubes and tbe beam analysing magnet are set upon the movable platforms on the
rail. Concrete walls are 60 cm in thickness on both sides and in front ofthe accelerator

for the purpose of the neutron and X-ray shielding. The insulating gas storage tanl<
and the water-cooling tower ai"e set on the roofof the building. Passing through the
beam analysing magnet and the switching magnet the beams enter into the target
room. This is a room 13 by 17 meters in area and 7.9 meters high and is able to
contain the various pieces of experimental equipments. Nine relatively permanent
experimental setups can be accommodated and tke beams can be switched with
}ittle delay from one to another. The room is further divided into two radiation-
shielded parts where an experimental work and a preparation works can be
made inclependently. This room is well shielded from sources ofbacl<ground radiation
in the accelerator room by a l20 cm thiclc concrete wall. The third part consists of
the counting and control rooin where the accelerator control-desk and the electronic
equipments for handlin.cr. experimenta} data are housed and other rooms for various
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Fig. 1 (a) . Photograph of the machine from the

  low energy end.
Fig. 1(b). Photograph ofthe machine from the
  high energy end.

Fig. 1(c).
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    Posltlve lon source

    Electron adder

    Inflection magnet

    Injection ener.cry to acceleration tubes

    Steerer

High voltage generation system

    Pressure tank

             Table 1. Tandem accelerator system characteristics

Acce}eration ratings

    Terminal voltage range 1.5N5.5 MV
    Terminal voltage stability I KV
    Proton energy range 3.wll MeV
    Analyzed proton beam current O.1 ptA
Negative ion injection system

       --- -

High voltage terminal

Acceleration tubes

NTumbers of acceleration steps

Charging belt

    Stripper
              'Insulating gas transfer ancl storage system

    Gas storage tank

    Gas handling system

Vacuum system
    For negative ion source

For acceleration tube

For beam analyzing system

Beam transport system

    QLuadrupo]e magnets

    Beam analysing magnet

Switching magnet

RF discharge type

H2 gas fiow

150 defiection

soNso Kev
Electro-static quadrupole type

3 m in diameter, l3.6 m long,

98 m3 in vo]ume, 40 ton in
weight. Filled gas: N2+C02
l6 I<glcm2

1.2 m in diameter, l.5 m long

1.5 m long Å~6

56Å~6
50 cm in width, running speed

20 m/sec.

02 gas or thin foil

3 m in diameter, 14.7 m long,

100 m3 in yolume, set on the roof
1 set

400 mmip Hg diffusion pump
50 mmÅë mechanica} booster Å~2

!OO mmÅë oi} rotary pump

250 mmÅë Hg dffusion pump Å~2

75 mmip oil rotary purnp Å~2

100 mmÅë Hg diffusion pump Å~2

40 mmip oil rotary pump Å~2

Weight: 250Kg
X4Jeight: 5 ton

Radius ofcurvature: 800 mm
Defiectionangle: 9eO
Max. field strength: l5,OOO gauss

Mass Å~ energy product (amuxMeV): 70
Weight: 5ton
Minimum radius of curvature : 525 mm
Max. defiection angle: 60e
Max. field strength: 12,OOe gauss

Mass Å~ energyproduct (amuxMeV): 20
34(450), 77(300), 290(15e)

(6oo),
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uses; i.e. machine room, workroom, administration room, etc.. This part is sufficiently
shielded from the accelerator room and the target room with the concrete walls.
Considerable care has been taken to ensure that the building is properly equipped for

experimental work. Wiring and cables are carried from the counting and control
room along the service trenches to many positions in both the accelerator and the
target rooms. Cables are carried i.nto the three connection pannels on the walls of
the target room. Service outlets for a-c, d-c, water and gas are spaced at frequent
intervals around the walls. A 2-ton crane covers the target room area and a 5-ton
crane the accelerator room.

g4. Ion Optical Arrangement of the Tandem Accelerator

    Negative ions produced in the negative ion source are accelerated through the
iow-energy acceleration-tubes to get the energy corresponding to the positive
terminal voltage. The negative ions are stripped their electrons by undergoing
atomic collisions in the eiectron stripping canal placed in the kigh voltage termina}.
The resulting positive ions are accelerated further through the high-energy accele-
ration-tubes to ground I)otential. The final proton energy is twice that correspond-
ing to the potential of the high voltage terminal.

    Since the electron stripping canai has a small diameter to prevent the flow of an
excessive amount of gas into the acceleration tubes, the negative ion bearn must
form a cross-over in the canal. As the ion beams are normally divergent when
entering into the tubes, the positive lens properties ofthe low-energy acceleration-tubes

are used to converge the beams. The acceptance properties of the accelerator
is determined by the geometry of the stripplng canal and the focal properties of the
Iow-energy tubes. The diameter of the cana} allows a calculation of the maximum

250

200

AE 150
.il

o
100

50

         Oo 10 20 30 40 50 60
                       R

Fig. 3. Variation of the distance of the injection point with
      the ratio of the energy corresponding to the terminal
      voltage to the injection energy. Injection energy of
      the negative ions is fixed at 80 KeV.
      D: distance of the injection point from tube entrance,
      R.: ratio ofEterminallEinjection'
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useful diameter of the negative ion beam at the injection point, and the focal pro-
perties of the low-energy tubes establish the position of this injection point along the

acceleration tube axis. The lens properties of the Iow-energy tubes are critical
but can be calculated by means of the analysis made by Elkind`) of the ion-optical
behaviour of }ong and high voltage acceleration tubes. As the ratio of the energy
corresponding to the terminal voltage to the negative ion injection energy increases,
the lens action of the acceleration tubes becomes stronger and the injection point for
the tandem accelerator moves closer to the low-energy tubes. These conditions are
seen in Fig. 3. In this machine where the injection energy of the negative ions is
fixed, the strength ofan Einzel lens is altered to vary the position ofa real image ofthe

negative ion source along the tube axis. However, this matching technique does

Table 2. Lens properties of the low-energy acceleration-tubes

injection energy
   (KeV)
terminal voltage
    (Aav)

Eterminal/Einjectien

distance ot' object point from tube entrance
              (cm)

magnification

50

l.5N2.5

3eb-J50

I05rw52

1.5N2.4

80

2.5N5.0

31.3N62.5

99N40

l.55N2.88

r-w'
                                                               42
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  Fig. 4. Ion optical system and ion beam profile of the tandem type Van de Graaff accelerator.

(l) Positive ion source, (iD Extraction gap, (S) Extraction Einzel lens, @ Acceleration gap I, @ Adder
canal @ Acceleration gap II, (D Einzel lens I, @ 150 inflection magnet, @ Einzel lens II, @ Slit
stabilizer, @ Pressure tank, (i-E.} Beam steerer, (il.) Low-energy acceleration-tubes, @ Stripper canal,
@High-energy acceleration-tubes, @ ( Luadrupole magnets, @ Objectslit, @ Beam ana}ysing magnet,
@ Image slit, @ Switching magnet, (I) Negative ion injection system, (II) Tandem acceleration sec-
tion, (III) Beam transport system.
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not always permit the acceptance of the tandem accelerator to exceed the emittance
ofthe negative ion source. Indeed, it is desired that the energy of the ions leaving the
injector is varied linearly with the terminal voltage in order to fix the injection point

on the tube axis and to obtain good matching over all range of energies. However,
the variable injection energy would introduce a number of engineering problems, and
the injection system would be a complicated and heavy device. For these reasons, the
injection energy is fixed at 50 or 80 KeV depending on the range ofthe terminal voltage
in this machine, and then the injection point must be varied in a limited distance.
Of course, there is the fundamental limitation coupling to the magnification and
the divergence of the beam as a function of energy stated by Lagrange's relationship.
Table 2 shows this relationship of matching.
    The stainless-steel tube of 4.5 mm in inner diameter and of 750 mm long is used
as the electron stripping canal. The positive ion beams emerged from this canal
are accelerated through the high-energy acceleration-tubes. Since the high-energy
tubes have very wealdens action because of high bearn energies, the ion beams are
divergent when exiting the tandem acceleration tubes.
    Fig. 4 shows the ion beam profile with principal ion optical elements of this
tandem machine.

g5. Structure of the Column

    In this tandem Van de Graaff there are two horizontal columns which meet at
the center of the pressure tank. Each column is 6800 mm in Iength and composed
of three units. Each unit is composed of six rectangular beams which are jointed to
metal frames by pins forming a truss-structure. Fig. 5 shows the structure of a
column.

•ie

,,• wwup-••"

Fig. 5. Photographs ofhorizontal column with hoops.

    These insulating beams are made by cementing alternately cerantic pieces and
thin stainless steel plates in a 25 mm pitch.

    The mechanical strength of the column structure must be sufllcient to bear with
the loads of the self-weight and the weight of the acceleration tubes, the weight of
several devices in the high voltage terminal and also the vibration caused by the
motion of charging belt.
    Each column is supported by a base plate of the pressure tank at the end and
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contacts at tlae other end each other being compressed by the axial force of about 20

ton in strength applled with the steel springs located between the low-energy side
column and the base plate of the tank, and witk an oil compressor outside the tank.
Thls compression force serves to compensate the inner tensile stress in the cementing
surfaces of the column beams.
    Both columns can be drawn out from the tank with its base plates along a rail.
In this case, a compression force ls added on the column to avoid tbe tenslle stress by
two steel rods which are connected the base plate and the end frame of the top of the

column.
    The variation of the inner stress arising from the contraction or elongation of the
pressure tank caused by the variation of the inner gas pressure and of the temperature

is compensated by adjusting the oil compressor.
    Metal hoops, 1250mm in diameter, surround each column plane to form a
cylindrical envelope. It meets also the cylindrical envelope of the high voltage
terminal which consists of many straight metal pipes in parallel with the column
axis.

S6. Acceleration Tubes and Vacuum System

    The acceleration tubes should have insulating property sufficient to hold the
high voltage. This requlrement must be satisfied in the hlgh vacuum. This is
essentially different from that for the, column ln the high pressure gas. The nature of
the discharge in vacuum has not yet been clearly explained, but certain empirical
information has been accumulated which serves to design the tube. The known
information shows that the materials and the geometrical construction of the tubes
appear to be important.
    The acceleration tube system for the tandem Van de Graaff is composed of two
parts, that is, the low-energy tubes for negative ion acceleration and the high-energy
tubes for positive ion. The low-energy tubes or the high-energy tubes consist of
three units. The one unit consists of ring-type ceramic insulators and disk-type
stainless steel electrodes which are cemented by turns on the same pitch as the column•
    The ion acceleration apertures on the electrodes have been designed as follows;
for the low-energy tubes the apertures have identical diameter of l5 mm from end to
end and for the high-energy tubes tlae diameter of the aperture 1)ecomes unit to unit
so Iarger from the high voltage terminal to the grounded terminal as to allow the
diverging beams. To avoid the damage ofthe acceleration-tubes due to the discharge
between the e}ectrodes in vacuum, 6 spark gaps arc employed around the each elec-
trode.

    There are two ho}es of80 mm in diameter on each electrode beside the acceleration
aperture for pumping out gases as shown in Fig. 6. The size ofthe pumping hole was
determined from the view point of the vacuum requirements and the beam stability.
In this geometry the shielding factor2) for the ion beam is about O.Ol which gives
adequate shielding.
    Charges of tke accelerated negative ioRs are changed to positive in the strippin.cr
canal in the high voltage terminal. The oxygen gas 2s used for the stripping gas which
is supplied to the stripping canal through a remotely controiled double needle va}ve.
The pressure of the oxygen gas is about 50pt Hg which corresponds to the gas thick-
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ness of about 5 ptglcm2 with the convers2on efficiency more than 90 percents.
    The acceleration tubes are pumped out by two 10-in. mercury diffusion pumps
settled at the both ends of the pressure tank. Since the vacuum in the Iow-energy
tubes must be as high as possible to reduce the loss of tke low-energy negative ions,
the stripping gas supp}ied into the stripplng canai at the middle of the acceleration
tubess is forced to flow mainly in the high energy tubes by a baflle. In a typical opeva-
tion, the vacuums are2Å~ 1e-6 torr. and 3Å~ IO'6 torr. at the ends of the low- and high-

energy acceleratiolt tubes, respectively.

g 7.  Negative Een ffajection System

A negative ion injectioR system consists of three main components: negative ion
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              Fig. 7. Schematic drawing of the negative ion injection system.
1: RF ion source, 2: extraction Einzel lens, 3: vacuurn envelope, 4: probe electrode,
6: bushing, 7: electron adding canal, 8: gap lens II, 9: 16" mercury diffusion pump,
suppressor, 11: Einzel lens I, l2: FaraClay cup I and quartz viewer I, 13: gate valve I,
magnet, 15: Einzel lens II, 16: bellows, l7: slit stabilizer,
19: 10" mercury diffusion pump, 20: gate valve II, 21 : ion getter pump,
e}ectrostatic beam steerer.
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                     5: gap lens I,
                   10: positive ion
                     14: infiection
18: Faraday cup II and quartz viewer II,
           22: pressure-tank wa}1, 23:
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source, inflection magnet and low-energy beam-tube extention system. A schematic
drawing of the employed injection system is shown in Fig. 7.
    In the negative ion source, positive ions are first produced from a discharge in
hydrogeR, deuterium or oxygen gas etc. supported by an RF field. A schematic
drawing of ThonemannS) type RF ion source is skown in Fig. 8. Ion source gas fed
into a pyrex vessel by a double need}e valve is ionized by 30-Mc power operated as
high as 1 KW. The ioRs are then pulled out from the sourde by a probe electrode
held at +2.5N+4.5 KV. With this source, it has been found possible to produce a
beam ofproton, deuteron or oxygen-!on having a current in excess of3 mA. The beam
is focused and accelerated to the electron adding canal by the initial focusing lens
system consisting of an extraction gap, an extraction Einzel lens and an acceleration
gap I. The electron adding canal, a stainless steei tube about 5 mm in diameter by
250 rnm long, ls maintained at an optimum potential between -25 and -45 KV
and at a pressure for charge exchange by a fiow of hydrogen gas of about 100 atmos.
cc per hr. using a palladium gas leak system. The potential of this cana} is accurately
regulated to ensure constant energy and positional stability of the injected beam with
a slit stabilyzer behind the inflection magnet. In this adding caRal, approximately
i O/o ofthe positive ions acquire an excess ofelectrons from the adder gas by undergoing

atomlc collisions and become negative lons. The ions emerging from the adding
canai are accelerated further by an acceleration gap II, The negative ion energy,
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Fig. 8. Thonemann type RF ion source equiped in the machine.
1: discharge vessel, 2: shielding plate, 3: anode probe,
4: cathode aperture, 5: extraction electrode, 6: gasket,
7: spacer gasket, 8: fiange, 9: gasket.
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therefore, is tw!ce that corresponding to tl}e potential of the electron adding canal.

The hydrogen and other gases from the ion source and from the canal are pumped
away by a 16 in. mercury diffusion pump which maintanins a pressure in the pipes
conducting the beam at about 10rm5 torr.. The beams emerging from the negative
ion source are focused into Åíhe infiection magnet by the Einzel Iens I. [l]he magnet

separates the unwanted ions and neutral atoms from the ion beams and directs the
negative ion component of interest for injection into the tandem. The magnet has a
mass energy product of 1.3 (amu.MeV) at a defiection ang}e of }50. The resulting
negative ions are focused again by an Einzel lens II and pass through a palr of elect-
rostatic beam steerers which guides the beam into the stripping canal. Then the
ions are injected into the low-energy end of the tandem accelerator. Einzel lenses I
and II called the matching lens consist of three-apertures, and its central e!ectrode

tal<es an optimum potential between O to -50 KV.
    XMith this negative ion source, it has been found to produce the negative ion
beams of hydrogen, deuterium or oxygen having current of several microamperes
and a beam spot of about 5 mm in diameter at the position corresponding to the
object point for the low-energy acceleration tubes. The currents of negative ion
beams are measured with a Faraday cup and the beam diameter is measured by
observing the Iumlnous glow on a quartz or a ZnS screen.
    The power supplies and controls for the injection system are all accessib}e at
ground potential, with certain of tke operating controls remotely adjustable from the
sub- and main--control consoles. This system is supported at a beam height of l300
mm above the floor.

g8. Generation and Control of High Voltage

    Positive charge sprayed on a belt at the groullded end, is carried into the high
voltage terminal by a moving be}t and is removed by a collecting device within the
terminal where there are no high eleÅëtric fields to disturb the collecting process.

    The electrical performance, namely the upperlimit ofgenerating voltage and the
stabiiity of the acceleration beam current, depends definitely on the quality of the be}t

and the acceleration tubes. The charging belt must have hlgh surface and volume
resistlvity and high rnechanica! strength.

    rlrhe uniformity of the sprayed charge on the belt correiates to the occurrence of
surface discharge on the belt and to the corona discharge. The surface discharge on
the belt ignites the break down, so that the surface resistance on the belt must be
chosen a suitable value. We decided the value after many considerations.
    Another important requirement is that the belt should not absorb moisture when
the pressure tanl< !s opened to the atmosphere for maintenance or repalr, else that the

time required for dehumidifying the belt be short.
    The belt used is an endless woven cloth belt which is neoprene lmpregnated and
vulcanized. The seams were made oB a 450 bias. The belt is 50 cm wide and its
ruRning speed is 20 m!sec.
    IR order to maintain the uniform transverse fields at the belt, a set of closely
spaced field-control rods is located closely to the belt. These rods are located in the

planes of the equipotential ring hoops and are eiectrically connected.
    A re$istance vo}tage divider ho}cls the uniform potential distribution along the
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columR and the belt. The belt runs between these parallel rods, so the electric field
is closely confirmed to a region adjacent to the beit surface. With uniform belt
charge and closely spaced equipotential plaRes, the gradient along the belt is near}y
uniform and the chance ofbreakdown is reduced.
    It is pessible to spray negative charge on the descending belt run withln the
terminal and to take it off at the grounded end. In thls way the belt carries charge
both in ascending and descending, and the charging current is doubled. This
method was applied to this accelerator.
    Instability of the gcnerated voltage is considered to be caused by the foIIowiRgs:
(1) fiuctuation of the charging curreRt, (2) vtnstable Ieakage current except for the
cuyrent through the resistance vo}tage divider and (3) variation of the load current
through the acceleration tubes. It is impossible to avoid perfectiy all these fluctua-
tion, so a corona points utilized as a voltage-stabilization device. The contro}
is done by maintaining constant charging current aRd varying a componene of the
load current. Corona points are located at the wall ofthe pressure tank opposite
the terminal, and the current due to the corona discharge is varied by the error
signal from the energy analyzer. The corona-control point is arraBged in a package
of severa} needles, each striking through a hole in a grid p!ate. "Irhis grid plate is
grounded and the contro} voitage is applied to vary the potential on the point. The
corona package as a whole can be moved close to the terminal for iow terminal
potentials and back to the wall for high terminal potentials.
    Corona currents from such a point are very sensitive to variatien of point
potential. The point potential is regu}ated by the error signal from a generating
voltmeter or a slit system at the exit of tke beam analyzing magnet.
    AIthough in the former method the stability is not so good (a few O/o), this method

can be used without beam loading and is conventional.
    The stability in the latter method depends on only the stability of the field of the
analyzing magnet which can easily be obtained in the accuracy of <10-`. Thus the
stabi}ity of the terminal voltage regulated by tlie latter method is estimated to be<
IO--4.

g9. Beam Analysing Magnet and Switching Magnet

    The accelerated beam passes through a pair ofmagnetic guadyupole lenses and is
focused on the entrance slit of a 900 analysing magnet.
    The focused beam was observed by the aid of a quartz plate which was placed
just in front of the entrance slit of the analysing magnet. Horlzontal and vertical
spreads of the beam spot were both 3 mm.
    The analysing inagnet serves two purposes as follows; to analyse the beam energy
and to provide an ener.cry error signal for the stabilization of the terminal potential.

The exit slit of the magnet supplies sigltals through preamplifiers and a d!fference
amplifiey which regulate a corona discharge from a corona point to the terminal.
    The magnet was designed to have a uniform field and to give a double focus-
ing by adjusting magnetic shims in the entrance and exit edges of the magnet.
    'I"he characteristics of the inagnet are presented in 'I"able 1. [L'he fieid•is held
constant at any predetermined }eve} by an electroriic stabilizer to <10H`. The fielcl

is measured by a nuclear magnetic resonance device and is set to deilect ioRs of the
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required energy. A precision frequency counter is provided to permit convenient and
accurate readings of frequency from the nuclear magnetic resonance device.
    The beam switching system was designed to increase the efficiency of the ac-
celerator by magnetically defiecting the analysed beams to different target areas
without breaking the high vacuum connections or involving a change in the experi-
mental set-up.
    The switching magnet is used after the analysing magnet to allow nine beam tubes
to be set up in the target room. It deflects the beam left or right of center by 150,
3oo, 4so or 6oo.

    Each of +150 and -150 courses includes a pair of magnetic quadrupole lenses
operated from a common power supp}y.
    Beam focusing on targets in the other courses can be done by adjusting a magnetic
shim in the entrance edge of the switching magnet.
    The characteristics of the magnet are presented in Table 1.

g10. High Pressure Gas Systema

    A gas mixture of nitrogen (800/o) ane carbon dioxide (200/,) at a pressure of
16 atmospheres is used as an insulating gas. This mixing i'atio is usually used.
    The humidity of the insulating gas substantially affects on tke insulation proper-
ties of the column, of acceleratioR tubes, and espectially of tke charging belt. In this

machine, the insulation gas is ab!e to be circulated through a gas circulation system
which has a dryer and several filters. The humidity of the gas is maintained at a
dewpoint ef better than -600C.
    In this machine, a gas storage tank is instailed to avoid tke consumption of the
insulating gas in the case of open!ng the pressure tank.

    The diagram of the high pressure gas handling system is shown in Kg. 9. The
system can be used for many purposes, i.e. (1) evacuation of the tank, (2) charging
the high pressure gas to the tanl<, (3) transfer!ng the gas between the tank and the

storage tank, and (4) circulation of the gas for purification. .

gll. ?erformances
    In the horizontal tandem type Van de Graaff, one of the most important problems
is how to construct the insulation columns of enough xnechanical strength which are
composed ofmany pieces of ceramic and rnetal by alternative cementing. It is also
the technica}ly important problem to get the good mechanical properties of charging
belt as we}1 as the good lnsulation properties of the acce}eration tube.

    In the earlier stage of the plai,ming, many experimental tests were performed on
the sma}1 scale models and the test pieces of various stuff. After the perspectives to
solve the above technical problems had been obtained, the production of the main
parts of the accelerator was begun.
    A negative ion source, an anaiyslng magnet and a switchlng magnet were const-
ructed at the same time with the above experimental tests on the main part of ac-
celerator. It took about olte and half years to produce the almost al! parts of the
machine.
    At the encl of I963, the main part of the tandem Van de Graaff was constructed
without the acceleration tube, and the preliminaiy test-•operation for the volta.cre
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generation was undertaken in the factory, In this test the mechanical functions of
the machine were in good condition ancl the generating voltage was about 3 MV, but
                  fthe chargiag belt was found to be not so good. After that, the machine was decom-
posed and carried to Kyoto.
    In spring 1964, reconstruction of the machine in the laboratory building of
Kyoto University was finished, and the test operations of voltage generation without
the acceleration tube were undertakelt again. The test-operation of negative ion
source was undertaken at the same time. In these test-operations, the charging belt
was exchanged by an improved one, and after about 3 months of test-operational
period the generating voltage sometimes reached to about 6.3 rv{V. On the other
hand, the negative proton beam of about 5 ,etA was obtained from the negative ion

source.
    rl"hen the acceleration tubes xs,Tere set along the insulating columns of the machine.

AIignment of the axis ofsix unit acceleration tubes and the beam stripping cana} was
performed by using a telescope. The resultant accuracy of the alignment was about
iO.2 mm. As the alignment was done at the atmospheric pressure, it would be

distorted when the tan}< was charged with the high pressure gas. However, the
displacement of the axis caused by the gas pressure of 16 atmos. was observed to
be less than O.25 mm.
    Then the negatlve ion injection system and the beam analysing system were
aligned to the acceleration tubes. The resultant accuracy of the overa11 alignment
of these systems of about 30 m }ong was within O.5 mm.
    After these a}ignment worl<, the switching magnet and the scattering chamber
for nuclear experimental use were settled on the proper place and also the beam
tubes with a pair of quadrupole magnets were set.
    URfortunately, after building up mechanically all the acceleration systems, a
vacuum leal<age at the acceleration tubes occurred. It took a long time to overcome
the }eakage. After that, tlae vacuum reached to7Å~10M' torr. at the both end of the
acceleration tubes and was 2 Å~ 10M5 torr. at the stripping canal.

    In summer 1965 the app}ication ofvoltage on the acceleration tubes was begun.
In the early stage of this testing, breal<-down in the acceleration tubes occurred
frequently even at the low voltage of3 MV. However, in the advanced stage of
testing, the threshold voitage to ignite the break-down became to the higher value
by the effect of "aging". Finally the applicable voltage to the acceleration tubes
became to 5.3 MV. Since the stage of this achievement, the injection of the negative
ions was tried and the acceleratioii ofions xNras tested.

    After the several trials, on the 22 nd January l966 accelerated proton beam
was observed by a fluorescent quartz screen which was placed at the outlet end of
the acceleration tubes. After thati it was confirmed to be the protons of 7.2 MeV
by defiecting the beam through the analysing magnet. Since then, the increase of
the beam energy and the beam current has been pursued.
    The conditions of the acceleration tube were quite different with and without
the beam injection. When the beam was injected, the vacuum in the acceleration
tubes became bad, a break-down happened more frequently, and the generation of
X-ray from the high voltage terminal inc)reased, fl'ihe !oad current in the acceler-
ation tul)es also incrc'asea, ttnd thc increase of the load current was recogriized by tl}e

observation of the corona current as well as the voltage-clivicier current.
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    These phenomena were considered to be caused by the rapid increase of the
secondary electrons produced in the acceleration tubes. This "electron loading"
in the acceleration tubes was able to be minimized by the "aging" of the acce}eration

tubes. After these aging-operations in a long period, the terminal voltage was
sometimes over 6.0 IV{V and the protons of energy of 1I.O ]X({eV was obta!ned.
    During the test operation, the terminal voltage was estimated from readings of
the generating voltmeter equipped on the pressure tank wall. At the finai stage of
the test operation, the energy of the accelerated protons was determined by measur-
ing the threshold energy of the nuclear reaction 27Al (p, n)27Si which is well es-
tablished`} to be 5796.9Å}3.8 KeV. In this calibration the terminal vo}tage was
found to be somewhat higher than the previous readings of the generating vo}tmeter.
    At the present time, the typical parameters for the normal operation at the
rating of4 MV are as follows; .

terminal voltage:
cl arg{ng current
voltage-divider

corona current:
vacuum at the

 on the
current:

end

belt

of the

(ascending) :

accelerat!on tubes:

   strippmg gas pressure:
   negative ion current injected (protons):
   analysed proton current:
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