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Summary

At present the
tinely with
150 pA. It is

ton beans

of 100 - 200 pA and an atomic beam

SIN facility is operated rou- type source for polarized ions, which however,
a proton Dbeam current of about is only occasionally used to produce 590 MeV
planed that the current be in- beams. Acceleration to the final energy of

creased in stages to a level of 1 to 2 mA over 590 MeV is

the next few y

are, a new

RF-system of the

fied traget st
splitter.

Introduction

achieved in the second stage, a

ears. The main items of the im- ring cyclotron consisting of eight separated
provement program for the accelerator facility sector magnets and four main accelerating
injector, upgrading of the RF-cavities operating at 50 Milz. A  flattop

ations and probably a new beam the internal

590 MeV ring cyclotron, modi- cavity 1is used to reduce the energy spread of

beam. Ixtraction losses are very

small, +typically 0.02% during routine opera-
tion. The ring cyclotron was developed and
built by OJIN.

SIN operates an accelerator facility for re-

ear and particle physics as well During 25% of the time the injector cyclotron
as for other applications. The accelerators is used to

search in nucl

have been described in detail in several re-

ports [1,2] an
given here.

accelerate various particles at

variable energies in a stand alone mode for

d only a short description is low energy experiments.

Protons are accelerated to a

fixed energy of 590 MeV in +two steps. The In 1978, the
first stage, an isochronous cyclotron built by was started,
Philips Company, Netherlands, accelerates the

protons to 72
al PIG-type io

construction of a new 1injector
with the goal to provide the con-
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tron source in the new hall extension, is under consideration.
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ditions to exploit the high current capabili-
ties of the ring cyclotron and to avoid the
interference between high cenergy and low ener-—
&y mode of operation. The new injector, de-
signed for proton currents above 1 mA, com-
bines an clectrostatic preaccelerator and an
iscchronous ring cyclotron {Z]. The main com—
ponents  of the cyclotron are four sector mag-
rets, twe DO lilz accelerating systems and two
Tluttoping syoctens cperating at 150 Ifliz. The
new injector is expected to ¢o into operation

in the middle cf 19¢4.

The arrangement of the accelerators, the beam-
lines and the target staticns in the experi-
mental hall is shown in fig. 1. Letween the

ring cyclotron and the first plon production
target an electrostatic beam splitter 1is 1ln-
stulled. Typically a beam of 20 pA is peeled
off and mainly used in a medical facility,
where cancer ypatients are treated regularly
with nepative picons.

Reoutine Clli—accelerators
ctarted

cperation of the
exactly ten years ago. In the time
since, the ring cyclotron has delivered a
total of 8500 Coulonrb of 580 lieV protons. In
recponse to the demand of the running experi-
sents, the operational beam current has stead-
ily increased to an average of 160 uA during
1€82. Peax currents of up to 180 pA were
achieved and nalntained during several weeks.

in the future, the evolution of the beam cur-
rent will again bve dictated by the needs of
experiments. In the long term, wnedium energy
physics will shift to more difficult and ela-
Lorute cxperiments which reguire higher bean

lumiricsities {and therefcre higher beam cur-
rents,. Oome important experiments c¢f this
tyre being planed are on forbidden muon de-
cays, very rare picon decays and on parity vio-

lotion in muonic atono.

on the

application side, OId  plans  the con-
sirucrtion

¢f a spallation neutrcen scurce with

a liyuid Pb/Bi-turget [45. The maxinum neu-~
tron Tlux would be 10**14 n/cm2.s for a
590 eV proton beam of 1 mA. In order to make
the ncutron source conpetitive with medium

flux reactors, it must be operated with a cur-
recut of  at  least 1 mA. The loccation of the
source 1o not yet decided. At present, two

N

roossille arrangerents are under discussion:

source makes usze of the waste proton

after the second pion production target,
Lut scattering of protons in the target gives
& reduction of the beam current of 30 to 40%
depending on the target thickness.

2) The ncutron scurce terminates a new beam
lire. The main bteam would be split in a ratio
of typically 307 : 707, the smaller fraction

being used for the pion targets. To take this
“undamental decision which has an irreversitle
impact on the medium and long range experimen-
tul pregram, also operational and financial
agpects have to be weighted.

After ten years of exploitation of our medium
energy facility, the possibility to expand to
energies in the range of 20 to 20 GeV is being
investigated. Preliminary studies show that
the bean from the 99C leV ring cyclotron could
be fed into a rapid cycling synchrotron [BJ.
fis an interface between the +two machines

another cyclotron, called ASTOR [6], and an
accunmulator would te needed. ADTCR was origi-

nally conceived as a 2 GeV machine with opera-

tion in either a continuous or @ pulsed mode.
Az an interface to the synchrotron, only the
rulsed mode is used. The repetition rate of

ACTOR would be 1200 liz and it would cut pulses
of 30 us out of the 590 MeV beam. Assuming an
average beam of 2 mA from the ring cyclotron,
the synchrotron could accelerate an average
current of about &8C uA.

3

[he upgrading program
Routine operation with beam currents of 1 to
mA can conly be reached in numerocus steps and

j=n!

o

cver & period of several years. A  catalogue
of the major 1improvements and measures 1is
given below.

1) Replace 1injector I by injector II. The
current of injector I is limited by the ex-
traction system to about 250 pA.

2) The 590 MeV ring cyclotron. It was origi-
nally designed for beam currents of 100 pA and
has by far not reached any significant current
limit. The main items of the ring upgrading
vrogram will be the RP-systems, local shield-
ing and the diagncstic system.

%) Upgrading and partial renewal of the con-
trol system. OScphisticated methceds, based on
corputers, will be used to give fast and more
detailed information on the beam. Typical ex-
amples are the beam tomography and the auto-

matic centering of the beam in the accelera-
tors and in the beam lines. The interlock

system has to be modified to have & response
tine adequate to the thermal destruction po-
tential cf the beanm (t = 50 us).

4) Improvements of the
pcrt systems and targets.

5¢0 MeV beam trans-

The underlined items will be treated in
detail in the following paragraphs.

more

Injector II:
The preaccelerator for the new injector cyclo-

tron (see fig. 2) consists of a G00 kV
Cockecroft-Walton high voltage generator, a
high voltage dome with the ion source and an

accelerating column (7). A 15 mA d.c. beam
is reguired from the preaccelerator to produce
a 1.5 mA team at 72 lMeV.

The injection of a d.c. beam, 1instead of &
btunched one, 1s preferred in order to avoid
detrimental longitudinal space charge effects.
This, of course, puts high demands on the
pre-injector since only 10% of the 1injected
bean will be further accelerated by the cyclo-
tron (the phase acceptance of the 72 MeV rin

cyclotron is approximately 369, therefore 905

of the injected d.c. beam has to be stopped
on a high power collimator 1located in the
center of the cyclotron).

The 60 keV-multicusp ion source 1s connected
to the accelerating column by a 7 m long bean
line. A pair of solenoids allow the cleaning
of the parasitics from the beam by focussing
the protons through a small iris diaphragm
which then stops most of the H2+ and U3+ on
it. The beam current may be changed by vary-
ing the diameter of a second diaphragm in-
stalled between the two solenoids, thus leav-
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ing the ion source parameters unchanged, cr by
varying the extraction voltage applied to the
ion source.

The ion source is connected to the arc power
supply via a fast electronic switch. This
device allows the pulsing of the arc Dbetween
1 ilz and a few kHz with duty cycles between 17
and 100%. It will be used to control the
average current during beam set-up. 1t can
also be used to switch off the beam in case of
an 1interlock <condition since the guenching
time of the arc is of a few micro-seconds.

The accelerating structure consists of a 77 cm
long constant gradient tube (E~13 kV/cm) en-

osed in a 3 m 1long acrylic Jjacket <filled
with STF6 gas at atmospheric pressure. The ac-
celarating tube was made of 15 titanium rings
brazed to Alumina ceramic spacers. The stain-
less steel accelerating electrodes are spring
clamped to the Ti rings for easy removal if
the need arises.

Conditioning of the accelerating tube to
850 kV was achieved within a few hours. A
1 mA d.c. proton beam was accelerated to
860 keV for the first time in December 1983.
The ion scurce was operated at an extraction
voltage of 40 kV. The normalized emittance
amounts to 0.5 x m mm mrad (see fig. 3). The
proton yield from the ion source is about 30%,
work is under way to increase this value by at
least a factor of two.

The beam from the Cockcroft-Walton pre-accel-
erator is now regularly used for beam develop-
ment experiments in the new 72 MeV ring ma-
chine and proves to be a reliable piece of
equipment delivering very reproducible beams.
The spark rate is less than 1 per shift. The
set-up takes typically 1 hour.

Pig. 2z

860 keV pre-accelerator for the injector II
cyclotron. The high voltage generator is of
the Cockcroft-Walton type. The dome houses
the 60 keV ion source and a beam transport
system. The accelerating column is seen on
the right hand side of the picture and shown
with the service platform in working position.

N
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Pigs Js

Current distribution in the horiz. phasespace
of the proton beam from the Cockcroft-Walton
rre-accelerator. The distribution 1is recon-
structed from three profile monitors using a
tomographic method. The measured normalized
emittance, containing >90% of the total bean
current, is 0.5 x 7 mm mrad. The halo, most
probably, consists of residuals of the parasi-
tic H2+ and H3+ ions.

The injector II cyclotron is illustrated in
fig. 4. In January 1984, all the relevant
parts including the control system had reached
a state such that beam could be accelerated on
the first few orbits. DBefore discussing the
results of the Dbeam tests the layout of the
cyclotron will be reviewed briefly.

Pig. 4:
The 72 MeV
(status April 1984) with the 860 keV beam line

ring cyclotron of injeetor LI
above sector magnet 1. A 50 MHz
between two of the sector magnets,
on the left side of the picture. The two ex-
traction magnets (withdrawn from the vacuum
chamber) and part of the 72 MeV beam line are

visible on the right hand side.

resonator,
can be seen
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Four sector magnets with a parallel gap of
75 mm produce a hill field of 11.0 kG. ILach
ragnet has exchangeable sice shims to allow
coarse shimming and nine pairs of trimcoils
installed on the side of the pole plates out-
side the vacuum chamber. These trim coils
cannot affect the first few orbits for geo-
metrical reasons; two additional pairs of gap
coils are installed in the center part of mag-
nets one and three.

The side-shimming of the magnets was completed
two years ago. The result is demonstrated in
fig. 5, which shows the calculated phase er-
rors of the protons between injection and ex-
traction in the two gaps of the RF-resonators.
The curves were produced from the results of
an orbit integration in the maped field of the
magnets. The phase excursions are so small,
that acceleration to the full radius will most
probably not require the trimcoils.

The main RP-system consists of two 50 Mz re-
sonators each being fed by an individual chain
of amplifiers. (The 50 Mz corresponds to the
10th harmonic of +the revolution frequency.)
The resonators are of the +transmission-line
type and have two accelerating gaps 200apart.
They produce an RF-voltage of 125 kV at injec-
tion and 250 kV at extraction radius (see
fig. 6). The corresponding energy gain per
revolution of 4 x 125 kV and 4 x 250 kV res-
pectively results in a radial turn separation
of 80 mm at injection and 20 mm at extraction.
As a consequence of the radially increasing
RP-voltage the ©beam phase width will be com-
pressed from 360 at injection to 18°at extrac-
tion. Without beam, the power consumption is
130 kW per resonator.

The flattopping is done on the 3rd harmonic of
the accelerating voltage with two 101 cavi-
ties each producing a peak voltage of 100 kV.
Only very tight tolerances on amplitude and
phase of the 50 lilz and 150 Mlz systems make
the flattopping successful.

The 860 keV d.c. beam from the preaccelerator
is injected vertically into the cyclotron and
bent into the midplane bty a S0°-inflection

magnet [8]. A magnetic cone (n =0.6), located
in the gap of the first sector magnet, steers
the beam onto the equilibrium orbit. The sec-

tor magnet following the first 50 Milz acceler-

Injector 2 Phase-Deviation at Acceleration-Gaps

0 20 40 60 80 10
Turns
Fig. 5:
hase excursion at the gap of the 50 MHz reso-
nators as a function of +turn number. The
phase excursion was computed from the measured
magnetic fields of the sector magnets.
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cltage distribution along the gaps of the two
50 Miz accelerating systems and the 1two
150 MHz flattop resonators. The 50 Wiz reso-
nators, which are of the transmission line
type, produce an energy gain per revolution of
500 keV at injection and 1t MeV at extraction.
The flattop cavities are short circuited wave
guides excited on the H101-mode.

Ricm]

ating structure acts
and therefore as an RF-phase analyser. The
phase acceptance of the cyclotron is defined
by the position of a high power collimator on
the first revolution, where about 90% of the
injected d.c. beam 1is stopped. The final
shaping of the RIP-phase 1is achieved with a
pair of collimators on the 4th revolution. A
beam stopper is provided on the 6th revolution
(3 MeV) so that the injection can be optimized
without activation of the cyclotron.

as a momentum analyser

a)
Beam Probe
—beam
________ —:;:;scanmng wires
Probe - arm

—
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R
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Pig. 7:

Beam probes used in the injector II cyclotron.
Three isolated wires (diameter 0.5 mm), tilted
relatively to one another as shown in (a) are
simultanously scanned through the beam (b).
The beam position in the (R,Z)-plane and the
radial beam profile can easily be reduced from
the three profiles (c) Using tomographic
methods, the complete density distribution may
be reconstructed.

198 CH1996-3/84/0000-0198 $1.00 © 1984 IEEE



Proceedings of the Tenth International Conference on Cyclotrons and their Applications, East Lansing, Michigan, USA

Fig. 8:

Extraction magnet for the injector II cyclo-
tron (seen from the beam exit side). The sep-
tum coil is made of four +turns of a hollow

conductor and insulated with aluminium oxide.
The thickness of the septum is 6 mm. With a
turn separation at the extraction radius of
almost 20 mm, an extraction efficiency of 100%
is expected. The septum coil is protected
from missteered beam and halo by a collimator.
Remote control of the radial position and tilt
are availatle.

lew probes have been developed for the meas-
urement of the radial and vertical intensity
distribution in the cyclotron. The principle
is shown in fig. 7, [9].

The 72 lleV beam is extraced by a septum magnet
followed by a 3P window frame magnet. Both
are installed inside the vacuum chamber of one
of the flattop cavities. The septum has a
thickness of 6 mm and is insulated with alumi-
nium oxide (see fig. 8). The extraction effi-
ciency is expected to be 100% . A set of col-
limators connected to the beam interlock sys-
tem will protect the magnet from missteered
beam and from any halo.

A high power beam dump has been 1installed a
few meters downstream from the cyclotron (see
fig. 9), so that beam development experiments
can be done with high beam currents and inde-
pendent of the 590 MeV ring cyclotron.

The theoretical studies on the current 1limits
of the cyclotron were continued. The longitu-
dinal space charge forces on the first few or-

FPig. 9:
72 MeV high power proton beam dump, designed

for currents up to 3 mA, before assembly. The
beam stopper consists of three water cooled
copper cylinders and a collimater forming a
conical hole for the beam.

bits are +the dominating effects. Lear the
linits they cause an irreversible increase of
the horizontal phase space. ©Serious effects
are expected +to appear at currents above
1 to 2 mA.

On the 1st of March 1984, the first beam was
injected into the 72 leV ring cyclotron and
accelerated to over 5 revolutions. Since then
the influence of all injection parameters on
the beam has been investigated. Iig. 10 chows
the cross sections of the accelerated beam
which were made using the new beam probes des-
cribed in fig. 7. It should be mentioned that
for this plot only little effort was made to
optinize the settings of the injection parame-

ters. At the time being the further accelera-
tion 1is hindered by the arm of a temporary
probe, which is installed in the midplane of
the c¢yclotron. It is expected that the first

beam will be extracted by the

1584.

end of April

590 MeV-ring cyclotron:
In the near future, the
beam current of the
will be 1limited by
fig. 11. Many of
technical means.

development of the
590 MeV ring cyclotron
the effects 1listed in
them may be overcome by

The power requirements per cavity versus bean
current 1is shown in fig. 12. Wall losses and
power absorbed or deposited in the cavity by
the Dbeam are taken into account. The power
-H<K]»«unu{~~~~u_n~u~n~~~~»~~~n~~~~<Tun\s { 763.5mm
Turn 3 ( 633.3mm)
@ Turn 2 ( 556.9mm)
weemeeemeeeess Tuen 1 (454, 7mm)
10 mm
r v T T T r T v T T )
-40 -20 0 20 40
Distance From Reference Radius [mm]
Fig. 10:

Beam profiles for the first five turns in in-
Jector II. The diagram shows the beam cross
section and its deviations in the horizontal
and vertical directions from the computed
reference positions (dashed line). The phase
collimators were set to select a beam phase
width of about 4°. The beam fraction conta-
ined inside the two contour lines correspond
to about 50% and 80% of the total beam cur-
rent. From the plots it can be seen that the
beam shows a coherent oscillation with an am-
plitude of 5 mm and that the accelerating vol-
tage is slightly below the expected value.
The matching of the vertical phase ellipse
also needs to be improved.
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Pig. 11:
Leam current limitations of the 59C keV ring

cyclotron,
medy .

targets and beam dump and their re-

regquired by the main accelerating cavities in-

creases linearly with beam current (beam load-
ing) whercas the power needed by the flattop
systen decreases ("beam unloading"). It is

assumed that the accelerating voltage is kept
censtant, an  assuwmption which will certainly
not be true ut very high beam currents for
reasons described later.

The present RF-power amplifiers were developed
12 years ugo by Telefurken Company in Germany.
Criginally designed for a nominal RF-power of
kW CW, the effective power ocutput is in
practice rarely more than about 160 kW, which
is sufficient Tfor 180 pyA. 1In order to over-
come this restricticn, the power amplifiers
are in the process of being upgraded by imple-
menting 2 new Clemens tetrode (type RS 2074)
with a rated power dissiption of 500 kW. On a
test stand, the first modified power amplifier
hus  delivered a maximum RF-power level of
680 kW into 50 Chm load. It 1is expected
that they will deliver operational output
pgower levels of 500 kW each, which would en-
able the acceleration of about 2 mA protons
ircluding an eventual increase of the acceler-
ating voltage by 20%£. Tor reasons of conveni-
ence the same amplifiers are also installed at
injector II.

[ol=
&~

a

o

of the
will be replaced by units each de-

The four existing d.c.-power supplies
amplifiers

livering 1.6 MW at 16 kV. This very generous
d.c.-power capacity was chosen in view of an
eventual further increcase of the nominal

RP-power level to a total of about 4 MW.

A3 shown in fig. 12, the flattop system will
be completely unloaded at bean currents of
about 600 ph and therefore control on ampli-
tude and phase would be impossible. Without
countermeasures this effect will obstruct the
operation already at currents above 400 uA.
Jeveral methods to solve this difficulty are
under investigation. One is toc increase the
power consumption of the flattop cavity, for
instance with a resistive load, at the price

200

Power requirement of the

of & more powerful amplifier.
way 1s
the sa

5a
e

[

A more elegant
to absorb RF-power from the cavity at
rne rate as the beam deposits power in
This could be done by a regulated bean
rower absorber linked to the cavity via a sep-
arate coupling loop. ©Such a system, sketched
in fig. 1% is under construction [10] and will

B
1

be ready by 1986.

The veam loads or unloads the accelerating
cavity, changing the impedance seen by the
vower amplifier. At 3IH, the RIFF-power is cou-

pled 1Inductively into the cavities through a
50 Chm~transmission line. The inpedance of
the coupling 1loop 1is adjusted to match the
transmission line at low beanm currents. With
increasing beam current the power of the re-
flected wave will increase with the square of

the beam current, reaching 100 kW at 1.5 mA
protons (see curve b in fig. 12). One could
say, that the cavities refuse to accept the

LkT'-power when they are under heavy beam load.
Pased on the first operational experience with
the 500 kW amplifiers it is assumed that they
carn withstand a reflected Rr~power level of
about 5C kW which corresponds tc 1.2 mA pro-
tons. For higher currents automatic matching
of the loop impedence tc the power ‘transmis-
sion line and amplifier is necessary. At pre-
sent, only vague ideas exist on the technical
solution of this problem and therefore it will
not be discussed here.

The longitudinal the

space charge effects in

590 MeV-ring were investigated by Adam and
Joho [111. The protons contained in the Ybean
bunches in the cyclotron produce an electrical
rotential, the azimuthal component of which
reaches values of the order of Volts/cm for a
1 mh beam in our case. 1t acts on the protons
over the whole acceleration path of almost

RF Power/cavity
kw §
500

400

™

300 —
Main acc. cavity
50 MHz
200 —
/b
100 = /./
0 e - Av.Beam Current
1 ] T -
0 0.5 ~—_15 2 mA
—
-~ T~
~c
150 MHz flattop cavity
Fig. 12:

RF-cavities of +the
580 MeV ring. Wall losses and beam power ab-
sorbed or deposited in the cavities are in-
cluded. Curve (a) shows the power needed by
the 50 Mz cavity under beam load. It is as-
sumed that the RF-voltage is kept constant.
Curve (b) shows the reflected RF-power. At
heavy ©beam loading it reaches values which
might endanger the power amplifier.
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ig. 13

Schematic layout of a proposed beam power ab-
sorbtion <c¢ircuit for the flattop cavities.
The absorber consisis of a power triocde load
tube (without DC-plate supply) in tuned A/4
coaxial resonators. 1t absorbs RF-power from
the «cavity at the same rate as the beam depo-
sits power in it.

10 Km inside the cyclotron. The resulting en-
ergy  spread  is of the order of a few HeV and
depends on the azimuthal position of the pro-

tcns in the bunch. A first order compensation
of this effect i3 possible by introducing an
appropriate tilt of the flattop veltage. It
has been predicted, however, that above bean
currents around 2 mA the longitudinal space

charge effects will smear out the turn separa-
tion so nuch, that extraction losses will be-
cone intolerable. It should be mentioned that
if necessary the 1longitudinal space charge
limit also can be shifted toward higher beam
currents by a substantial increase of the ac-
celerating voltage.

After the discussion of the 1limiting effects
in the ring cyclotron, the question arises how
a current limit manifests itself as it is ap-
proached. The most important criterion is the
beam loss. Interaction of the beam with the
extraction elements not only leads to activa-
tion of the cyclotron but also produces bean
halo, that activate the following beam lines.
At present the losses in the 590 MeV-ring are
on the very comfortable level of about 20 nA
during routine operation with 150 pA. It is
agreed that Dbeam losses up to 5 pwA could be
tolerated, but at the price of additional
shielding, severly restricted access and ex-
tended repair times. This means that, assum-
ing a bean current of 1.5 mA, the extraction
losses may not exceed 0.%%, even in the vicin-
ity of a current limit!

Beam transport systems and targets:

The proton beam extracted from the 590 MeV
ring cyclotron 1is guided through a 60 m long
beam line on two pion production targets in
tandem and stopped in a copper beam dump.

In order that the beam line is operational on
a long term basis, it is of crucial importance
that the activation and therefore the beam
losses are kept as low as possible. The main
source of beam losses along the 590 MeV beam
line are the target stations and the beanm
splitter which peals off a fraction of the
main beanm for the medical facility. The tar-
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cset stations have their individual 1local
shield whereas 1t is difficult to provide an
adequate shield for the beam splitter.

The beam splitter is an electrostatic septun
{effective length 75 cm, foil thickness
0.07 mm) between two cathodes at a fixed posi-
tion. The splitting ratio is varied by moving
the septum foil. The applied voltage, the
bending angle of a steering magnet and the
septum position are correlated by the control
computer such that the axis of the split beams
remain unaffected [12].

The present beam splitter has been 1in opera-
tion since 1981. The typical beam loss an-
ournts to 0.8% of the primary beawm at a split-
ting ratio of 1:8. Although this loss may be
further reduced by increasing the beam ampli-
tude at the entrance of the splitter, it is
very guestionable if this method 1is still
rracticable for splitting beams above 1 mA.
The losses would be about 10 yA which is as
high as the activation potential of our thin
target today.

A new sgsplitter is now under investigation at
SIN  which will theoretically produce no beamn
loss. Cplitting will be done in time space by
making use of the 50 Nliz structure of the
team. The present concept is based on ¥Xicking
an arbitrary selection and number of pulses
from a train of 12. The deflection voltage
will be achieved by superimposing 12 harmonics
on one or more deflector electrodes. The ra-
tios and the phases of the harmonics will be
determined by the (discontinuous) splitting
ratio and the desired pulse sequence of the
split beams. It is obvious that the new Dbean
splitter will be a complex and expensive piece
of equipment, compared to the -electrostatic
splitter which is simple and very reliable.

The targets have the shape of a dishlike coni-
cal wheel. The beam passes through the target
cone along @ line intercepting the cone axis.
The wheels rotate so that the power deposited
in the target is distributed over the whole
surface. The targets are radiation cooled.

In the first,

the "thin target", carbon or be-

ryllium wheels can be used. With respect to
its thermal properties, carbon is potentially
a much superior material than beryllium, but

its pion yield is about 30% lower. TFour dif-
ferent wheels are mounted inside the target
vacuum chamber and can be exchanged by remote
control within a few minutes. The typical
thickness is 0.9 g/cm2 (C) or 1.45 g/cm2 (Be).
In the second target station, the "thick tar-
get", only one wheel either carbon or berylli-
um with 20 g/cm2 is available.

At the thin target, the pions are collected by
two quadrupole channels. The vacuum is separ-

ated between target chamber and the two chan-
nels by aluminium windows, each 0.4 mm thick.
The windows in the thick target station have

been removed to
energy pilons.

allow the extraction of low

The targets were originally designed for
ton currents of 100 to 150 uA.
to reconstruct both target

pro-
It is planne«
stations and the

beam dump with the goal to make then usable
for high currents and also to improve ths
quality of the pion beams. The main problem:

for the targets are as follows:
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In the target wheel, mechanical stresses de-
velop at high temperature due to the conical
geometry of the wheel. This effect, which
might 1lead to the rupture of the wheel ex-
cludes the use of beryllium in the thick tar-
get for currents above 120uA (fig. 14 shows an
example of a fractured DBe-wheel, wused as a
thick target). In the future only graphite
will be used for the main pion production tar-
gets and the wheel diameter will be made as
big as possitle.

With increasing temperature the carbon target
suffers from a kind of corrosion, an effect
which manifests itself as a 11C-contamination
in the exhaust of the vacuum pumps. This ef-
fect, on which very little details are known,
is considered to be an oxidation of the target
material in the residual gas.

Similar to the corrosion of the target, subli-
mation of the target material increases with
increasing temperature. We estimate that with
an increased wheel diameter, hence lower oper-
ating temperatures, neither oxidation nor sub-
limation will restrict routine operation with
currents below 2 mA.

The target vacuum chambers are exposed to
radiation of heat and secondary particles,
inly neutrons and protons from the target.
(Radiation of heat contributes ~35%, protons
~4%2% and neutrons ~22% of the total energy de-
posited by a 590 MeV beam in a carbon target.)
At a proton current of about 250 pyA the alumi-
nium windows of the thin target will be des-
troyed from excess heat. At the present time,
these windows represent the weakest point in
the target system. They will be eliminated
during the reconstruction of the thin target
station beginning of 1985. Other critical
parts are the vacuum flanges connecting the
chamber of the thick target with the pion beam

the
ma-—

Pig. 14:

This conical beryllium wheel
thick target (20 g/cm
the direction of +the 1incident bean. When
used, it is rotated so that the power deposit-
ed by the beam is distributed over +the whole
surface. The rupture, which is clearly visi-
ble, was caused by thermal stresses and oc-
curred at a beam current of 120 yuA.

used as a

was
). The arrow indicates

lines. Heated up, they deform and may develop
vacuum leaks. Contrary to the target itself,
the thermal effects on the vacuum chamber de-

pend on the total power absorbed in the target

and may therefore be controlled by an appro-
priate choice of the target thickness within
practical limits.

The present beam dump is built from a number

of water cooled copper plates. The current
limit, given by the yield point of the materi-
al, depends on the diameter of the waste beam
and therefore of the target in use. For nor-
mal operating conditions the current limit
will be reached at 0.6 mA.

The present beam dump cannot be upgraded to
currents considerably higher then those menti-
cned above. When it will be replaced and the
concept of the future beam dump depends
strongly on the 1location of +the spallation
neutron source, a decision which has to be
taken in the near future.
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