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Summary. !l!he results of experimental 
study of simultaneous acceleration of two 
beams at U-120M isochronous cyclotron of Ii?U 
(Rez, CSSR) are presented. Both beams of p 
and IT were injected from an internal ion 
source having two separate arc chambers. The 
IT ion beam was aacelerated up to a strip- 
ping foil mounted on a final radius and was 
extracted to a luminescent screen placed on 
the wall of the accelerating chamber. The p 
beam accelerated simultaneously with ET ions 
went through the stripping foil and then was 
registered on a special probe. The phaae mo- 
tion and some other parameters of the beams 
accelerated up to 22-24 MeV are presented. 

Introduction 

The main aim of the work was to experi- 
mentally prove that two beams of ions dif- 
fering in mass by two electrons (with allow- 
ance for their coupling energy in the atom) 
can be simultaneously accelerated in a cyc- 
lotron. 

In paper ref.' it was proposed and theo- 
retically proved that the simultaneous acoe- 
leration of two beams is possible. Aooording 
to this paper, two ion beams of close masses 
rotating in the opposite directions and com- 

Fig. 1. Ion source head with two discharge 
chambers. 

ing out of two independent ion sources in the 
central zone of the cyclotron magnet can be 
accelerated to the maximum radius of the ac- 
celerator if hW3 X qWm/M, where 4 W is 
the maximum energy gain per turn for the ac- 
celerating harmonic number q, W is the ki- 
netic energy at the maximum radius of the 
cyclotron, ID/M is the eleotron-to-ion mass 
ratio, the magnetio field being shaped for an 
intermediate mass (neutral atom). 

The above equality determines the maximum 
theoretloally possible kinetic energy (at 
the given energy gain per turn> and is only 
valid for the external injection mode where 
the initial aooeleration phase does not af- 
fect the extraction efficiency of ions from 
the source. 

Another experimental taek was to check the 
possibility of independent extraction of two 
beams at the rmcximum accelerator radius, i.e. 
to make sure that the stripping foil of nega- 
tive ions does not affect the acceleration 
of positive ions, as i; follows from the pre- 
liminary calculations 

The above problems w&e experimentally 
solved at the cyolotrox?U-120Y (Inst.&cl. 
Phys.Czechoslovakian Acad.Sai.j3 where I!l+ 
and R ions were simultaneously accelerated. 

1. Ion Source for Protons and H- Ions 

The optimum positions of the proton and IT 
ion sources in the central part of the acce- 
lerator do not coincide, because beams rota- 
te in the opposite directions. The maximum 
ion extraction from ion source occurs at the 
zero phase of the high frequency field (Va,.= 
V, cos)o) while the maximum phase shift dur- 
ing acceleration corresponds to the starting 
phaees *x/2. 

A poesible compromise is turning the join- 
ed ion sources about the accelerating dee edb 
ge by a certain angle (the calculated one is 
30°) '. 

Fig. 1 shows such a head with a space of 
27 mm between the slots. The space was choe- 
en by numeric simulation of the electric fi- 
eld around the ion source* The geometry and 
operational modes of the ion sources were 
identical, since this stage of the experi- 
ment did not envisage the maximum intensity 
for the IT beam. 

2. Experimental Resonance Curves 

To achieve the effective ion 6xtraction 
for the given geometry of the ion sources, 
the accelerator magnetic field induction was 
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chosen in range 1.415-1.420 T, which corres- 
ponds to the final energy 24 MeV. The proton 
beam detection was carried out by meana of a 
measuring probe with a current meter in its 
circuit. The proton current was measured at 
a radius that was 2 cm larger than the radi- 
us at which the carbon strippin foil had be- 
en placed (0.25 )i m, AbO.3 cm . '5 The conser- 
vation of parameter3 of the proton beam af- 
ter passing the stripping foil (amplitude3 
of free axial and radial oscillations) were 
monitored by autograph3 which showed the axi- 
al dimension of tge beam and by the shadow 
method of measure its radial dimension. 

Fig. 2 shows typical resonant curves, both 
experimental and calculated, obtained many 
times by means of the automatia beqam diagnos- 
tics system developed in INP CzAS 

The resonance curves are normalized to 
the proton beam. 

To detect IT ions after foil-stripping, a 
luminiscent screen was placed 0.6 m off the 
target. 

An ltautograph" of this beam on the lumini- 
scent acreen with the given scale is shown 
in Big. 3. 

A system of pick-up electrode3 was used 
to measure the proton beam bunch phase (Fig. 
6) simultaneous-iy with the proton-beam cur- 
rent along the accelerator radius (Fig. 4). 
The opera&g volume pressure of the accele- 
rator being 1.2010 -5 TOM, the H- beam inten- 
sity decreased along the accelerator radius 
approximately by an order of magnitude and 
was not registered by the system of pick-up 
electrodes. 

Fig. 2. Resonance curves for proton and R? 
ions calculated on the assumption that Iis 
v3/2 act (solid line), Iis Vzcc (dashed line) 
and measured experimentally (circlea and 
squares). 

In general, the foil stri per affeoted 
neither the intensity, nor t E e proton beam 
structure within the experimental accuracyI 

The theoretical resonance curves (Fig. 2) 
were obtained on the assumption that the in- 
tenaity of the proton and IT beam3 extracted 
from ion source (at the fixed amplitude of 
::-I ;;;elerating voltage of the dee) obey 

: 

i- ( co3 cp P ( > 

where the power index n varied in the range 
n = J/2 + 3; 13 the phase of beam extraction 
from the ion source. 
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Fig. 3. Autograph of the H" beam on the lu- 
miniscent screen after stripping. 

“:I 

Fig. 4. Radial dependence of the proton 
current. 

It is seen that the shape of the resonant 
curves changes slightly (dashed curves in 
Fig. 21, whatever beam intensity level is. 

The distance between the experimental ma- 
xima of the re3onance curves corresponds to 
the mass of two electrons: 

2E ii AZ = 1.4f87-1.417l. = ,*,2.,()-3 (2) 
I H 1.418 

Here the difference from the accurate elect- 
ron maas does not exceed 2%. This result can 
be refined by more accurate measurements of 
the intensity maximum position in each beam. 

Fig. 5. The shape of the magnetic field in 

I> 
the experiments: 

2) 
optimal tuning for protons, 
optimal tuning for simultaneous 
acceleration of two beams. 
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Fig. 6. Phase notion of the proton bunch 
for field 5 (I). 

3. Requirement to Magnetic Field Isochronism 

The conditions for simultaneous accelera- 
tion of P and IT ions were theoretically oon- 
sidered for an ideal isochronou~ magnetic 
field tuned to an intermediate mass, Since 
there are always deviations from this law in 
real accelerators, and this leads to the 
shift of the bunch centre phase within cer- 
tain limits, the experiment with different 
deviations of the magnetio field from the 
isochronous one in the two-beam accelerati- 
on mode is of great interest. Theoretioally, 
any tuning of the isochronous acceleration 
mode of protons with the field or accelera- 
ting voltage frequency mismatoh of 5*10m4 
must also oorreepond to the acceleration 
mode of H- ions. A series of experiments was 
carried out with a magnetic field shape 
changed by means of the central concentric 
coil and the phase motion of the bunch was 
monitored (see Fig. 6). 

Fig. 5 (1, 2) shows the limits within 
which the magnetic field of the accelerator 
varied in the central zone, and the optimum 
value of the field bump at the tuning to 
the simultaneous acceleration of two beams. 

Conclusion 
The work is the first to experimentally 

show a possibility of simultaneous accelera- 
tion of two beams in isochronous cyclotrons. 
This process agrees with the theory of reao- 
nance beam acceleration in cyclotrons with- 
in the experimental errors. The distance be- 
tween the maxima of the resonance curvea 
corresponds to the mass of two electrons 
within the experimental accuracy. 

The method of simultaneous acceleration 
of negative and positive ion beams opens new 
experimental opportunities for cyclotron 
faoilities. 
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