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Summary 

An electrostatic beam splitter was built at 
S.I.N. to provide simultaneously proton beams 
to the experimental physics area as well as 
to the medical pior therapy irradiation faci- 
lity. Splitted beams cf 100 and 16 PA respec- 
tively are typically produced with an overall 
beam loss of 0.5 * 0.1%. Constructional de- 
tails and operating experience are presented. 

Introduction 

The construction of a new biomedical facility 
et S.I.N.‘with its own pion production target 
made it necessary to peel off a beam of up to 
20 PA from the existing 590 MeV proton beam. 
The boundary conditionsfora beam splitter were 
the following: 

- The present 50 MHz, 0.4 ns (FWHNI 
tine structure of the main beam had to 
be maintained. 

- The beam for the biomedical facility 
should be turned ON and OFF, and its 
intensity be variable between 0 and 

20 IJA, without disturbing the main 
beam. 

These conditions excluded all RF splitting de- 
vices and left systems with magnetic or elec- 
trostatic sapta. An electrostatic septum was 
chosen because of the lower beam losses ex- 
pected with its thinner septum. In addi’ciar to 
the requirements listed aoove there was the 
serious restriction of free space to introduce 
the splitter in the existirg beam line. This 
limitation in space would require, for a con- 
ventional single sided septum a prohibitively 
high voltage in order to producethe needed 
beam deflection. @y applying a field on bath 
sides of the septum the specifications could 
oe met without using very high voltages. Since 
the main proton beam should remain essentially 
undeflected, an additional steering magnet was 
required to compensate the effects of the 
electric field on that portion of the beam. 

Design description 

The solitter channel consLsts of two fixed 
cathodes and a movable thin septum. A cross- 
section of the splitter is shown in Fig. 1. 
For the given geometry and with the septum in 
the middle of the channel a voltage of approx. 
180 kV [applied to oath cathodes1 is needed to 
achieve the requirec angle cf 6 mrad betweer 
the emerging 590 NeV splitted beams. The po- 
sition of the beam at the entrance of the 
splitter is kept centered between the two fi- 
xed cathodes . The position of the septum is 
varied until the desired beam intensity fcr 
the medical area is reached. 

The movable septum consists of 47 Molybdenum 
strips (50 urn thick, 3 mm wide) separately 
tensioned over a supporting structure. The 
structure is basically similar to :he Electro- 
static Extractor Channel cf the S.I.N. 530 MeV 
ring cyclotron.2 The assembling of the No 
strips was done with the "C" structure mounted 
on a high precision milling nachine. With the 
help of a microscope of very small q epth of 
field, the position and flatness of the strips 
were carefully controlled during their tensio- 
ning. An overall flatness, including the irre- 
gularities of the "C" structure, of t 10 pr- 
was achieved resulting ir an effective septum 
thickness of 70 pm. To reduce the beam load on 
the leading strips, a No wire 75 pm thick was 
mounted 37 mmin front cf the first strip. 

f I 0 100 mm 

Fig. 1 Cross-section cf the splitter. The 
high voltage, mirror polished, Aluminium 
(Al-MgSil) electrodes (390 mm long, 75 mm high, 
20 mm thick) are supported by @en insulators. 
The grounded Molybdenum strips (3 mm wide, 
50 urn thick, spaced 5 mm apart], forming the 
septum, are mounted on a “C” shaped St .St. 
structure. To reduce the power load an the 
first strips a MO wire 75 urn thick, acting as 
a scatterer, was mounted 37 mm upstream frcm 
the first strip. The wire and the strips are 
separately tensioned to aboct 20 kg/mm’. Each 

cathode is connected to the H.V. feed-thrcughs 
via low inductance 160 2 wire resistors. The 
gap between the fixed cathodes is 50 mm. The 
movement of the septum is restricted to 
+ 24 mm. 
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i'lo\/emont 5f the septum is provided via a nigh 
precision gear system couc,led to a fast d.c. 
motcr. The septum 'can be positioned to better 
zhan 0.1 mm. It takes 500 msec to cover the 

50 mm gap or 25 set if it is done in steps of 

G.l mrr (50 msec per 0.1 mm step:. P second 
notcr, fixed to the moving structure, was pro- 
vided to adjust the septum orientation to the 
Lncsming beam. 

The voltage from a common 240 kV, 1 mA d.c. 

power supply is brought separately to a pair 
of 30 rlQ surge resistors and 2000 NR voltage 

dividers via two 20 m long H.V. cables. Two 
6 m long cables connect ti;e H.V. vacuum feed- 
through- tc the surge resistors. Each cathode 
is connected to tha feed-tiroughs via Lola 
inductance 160 R wire resistors. These wire 
resistors were added after noticing that 
sparis tended to deforme considerably the sep- 
tun strips. The addition brought excellent re- 
suits. Under normal operating conditions the 
current from the power supply is electroni- 
cally linitad to 255 PA. The assembled splitter 
Is s-own in Fig. 2. 

Fig. 2 Photograpn of the assembled splitter 
o,:sidc t-e vacuum chamber. 

Cperat ion 

As it was already mentioned,the beam for the 
biomedical target has to be turned on and off 
without affecting the mair proton beam. This 
calls for the simultaneous setting of 4 para- 
meters of the splitting system (septun posi- 
tion, hign voltage, steerirg magnet current, 
icn source intensity1 by the control computer, 
as shown in Fig. 3. Five control parameters 
have to be checked (septum positicn, high vol- 

tage, steering magnet current and two beam cur- 
rents] to control the action of the system. 
T-e stesrirg magnet, located at the exit cf 
the splitter, compensates for the effect of 
t-e electrostatic field on the main portior, of 
tie beam. It produces a deflection angle of 6 
mrad at 140 A. In order to maintain a separa- 
tlon of CII+CL~ = 6 mrad (see Fig. 4) indeper- 
dent of the sectum positior di, the high vol- 
t,age EHTV has to fulfill the following equation: 

These two relations are presented grachically 
in Fig. 5. hear the park position the separa- 
tion is gradually lcwered to 3 mrads in order 
to bring the high voltage down to 20 kV. Larger 
values woulzi cause arcing dJe to tre insuffi- 
cient quality of the vacuum in the proton 
channel. 

Fig. 3 Control ciagram c-f the a!ectr:~st~:ic 

splitter. Shown are the i-terccnnectlnns bet- 
ween the Control Computer and the parameters 
for setting (four] and checking (five) thl& 

splitter. 
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Fig. 4 Geometric para- 
meters of the beam soli 

ter. The distance bat- 
ween zhe two cathodes 
[dotted area) is con- 

stant. The sum 0' th$e 
two deflection angles 
u1 ani; c(~ is constant 
and must not cbpend on 

th,e septum position. 
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EHTV (kV1 = 0.252 4 dl(mnl . dl(mm) Fig. 5 Graphical representaticn of the para- 

Tne compensating effect of the steering magnet bolic relation between dl and EHTV (common 

depends also on the septum position: high voltage on the cathodes1 and the linear 
relation between d1 and SHCI [current through 

St+CI (Al = 2.70 * d,(mm> the steering magnet SHC). 
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Beam loss: Calculation and Experimental Results 

In orcer to mir.imize the losses at the septum 
the ootics of the 590 MeV proton beam line ‘was 
arranged such as to provide a wide (typically 
12 mm FWHMI and slightly divergent beam at the 
location of the splitter. Measured beam pro- 
files were fitted witn the program TRANSPORT 
to obtain the actual phase space beam ellipse 
at the entrance of the splitter. Beam losses 
were estimated using a code [SPLIT) eased on 
a Monte Carlo method with the particles des- 
cribed by a binomial distribution.3 The pro- 
gram follows the fate of the randomly picked 
particles throughout The splitter channel. It 
determines toe number of particles colliding 
with the septum electrode and it calculates 
the power deposited in the strips as well as 
the energy and angular distribution of the 
scattered particles. Calculations based on the 
septum geometry described earlier were carried 
out for typical splitter operating conditions. 
For a peeled-off beam of 15 ~.IA from a 120 LA 
incoming beam, 0.5 uA (0 .42%1 were found to 
collide with the septum electrode. The calcu- 
iated maximum temperature is 340°C for the ro 
wire and 55C°C for the first No strip. With- 
out the wire the temperature of the first No 
strip would reach 64OOC. 

The beam losses were measured by comparing the 
inter.sity of the incoming and splitted beams. 
Each beam was monitored separately using 3 
calibrated beam current probes. 
A beam loss of Cl.5 t 0.1% was measured for a 
splitting ratio and an incoming beam of in- 
tensity and shape equivalent to the values 
used in the calculation. Measurements were 
also done with intensities of up to 15C and 
20 uA for the incoming and peeled-off beams, 
respectively. The losses scaled as predicted 
and no deterioration with time was observed. 

Profiles of the splitted 590 MeV beam 0.5 m 
after the splitter and at the entrance of a 
septum bending magnet, 4 .5 m further down- 
stream, are shown in Fig. 6. 

-2 0 +2cm x -3 Cl +3cm x 

Fig. 6 Profiles of the splitted beam measured 
0.5 m (left) and 5 m (right) after the split- 
ter. The shaded area indicates the 20 mm thick 
septum coil of the bending magnet which sepa- 
rates completely the beam for the biomedical 
irradiation facility (small profile) from the 
main oeam. At this point the beams are brought 
to tdo separate foci. The horizontal emittance 

of the unsplitted 590 MeV beam is ~r.2.4 mm mrad 
for 87% of the beam. 

Figure 7 shows a radiograph taken from one of 
the several septum configurations used for 
tests. The blackening at the left of the pic- 
ture corresponds to the power distribution 
predicted by the code. Lack of sufficient flat- 
ness in some of the strips is probably the 
reascn for the dark spots seen along the sep- 
tum. 
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Fig. 7 Radiograph (Kodirexl taken from a sep- 
tum electrode. This septum 149 molybdenum 
strips, 7 mm wide, 0.1 mm thick, spaced 1 mm 
apart) was used to split in half a 590 MeV, 
12 uA proton beam for a total of 20 PAh. The 
radiograph was taken 2 days after the septum 
was removed from the beam line. Dose rate at 
the entrance of the septum was 3R/hr. Time of 
exposure was 5 sec. Shown are the first 32 
strips. 
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