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INTRODUCTION

The main aim of the work was to experimentally prove that
two beams of ions differing in mass by two electrons (with
allowance for their coupling energy in the atom) can be simul-
taneously accelerated in a cyclotron.

In paper/1 it was proposed and theoretically proved that
the simultaneous acceleration of two beams 1s possible. Accor-
ding to this paper, two ion beams of close masses rotating in
the opposite directions and coming out of two independent ion
sources in the central zone of the cyclotron magnet can be ac-
celerated to the maximum radius of the accelerator if AW >
> nqWm,M, where AW is the maximum energy gain per turn for
the accelerating harmonic number q, W is the kinetic energy
at the maximum radius of the cyclotron, m/M is the electron-
to-ion mass ratio, the magnetic field being shaped for an in-
termediate mass (neutral atom).

The above equality determines the maximum theoretically
possible kinetic energy (at the given energy gain per turn)
and is only valid for the external injection mode where the
initial acceleration phase does not affect the extraction ef-
ficiency of ions from the source.

Another experimental task was to check the possibility of
independent extraction of two beams at the maximum accelera-
tor radius, i.e. to make sure that the stripping foil of nega-
tive ions does not affect the acceleration of positive ions,
as it follows from the preliminary calculations

The above problems were experimentally solved at the cyc-
lotron U-120M/3" (Inst.Nucl.Phys.Czechoslovakian Acad.Sci.)
where HY and H™ ions were simultaneously accelerated.

1. ION SOURCE FOR PROTONS AND H™ IONS

The optimum positions of the proton and H -ion sources in
the central part of the accelerator do not coincide, because
beams rotate in the opposite directions. The maximum ion ext-
raction from ion source occurs at the zero phase of the high
frequency field (Vaoo = Vycos¢) while the maximum phase shift
during acceleration corresponds to the starting phases +#/2.

OSVeRRdELiLd RECTETY, 1




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

A possible compromise is turning the joined ion sources
about the accelerating dee edge by a certain angle (the cal-
culated one is 300)7/V/,

Figure 1 shows such a head with a space of 27 mm between
the slots. The space was chosen by numeric simulation of the
electric field around the ion source. The geometry and opera-
tional modes of the ion sources were identical, since this
stage of the experiment did not envisage the maximum intensity
for the H  beam.

2. EXPERIMENTAL RESONANT CURVES

To achieve the effective ion extraction for the given geo-
metry of the ion sources, the accelerator magnetic field in-
duction was chosen in range 1.415-1.420 T, which corresponds
to the final energy 24 MeV. The proton beam detection was car-
ried out by means 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 radius at which the carbon
stripping foil had been placed (0.25 pm, AR = 0.3 cm). The
conservation of parameters of the proton beam after passing
the stripping foil (amplitudes of free axial and radial oscil-
lations) were monitored by autographs which showed the axial
dimension of the beam and by the shadow method to measure its
radial dimension.

Figure 2 shows typical resonant curves, both experimental
and calculated, obtained many times by means of the automatic
beam diagnostics system developed in INP CzAS/4/,

I Fig. 2. Resonant curves for
protons and H- ions calculated
on the assumption that Ijs ~
vY® (solid line), Lg~ 3 e
(dashed 1ine) and measured
experimentally (circles and
squares) .
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The resonant curves are normalised to the proton beam.

To detect H™ ions after foil-stripping, a luminescent
screen was placed 0.6 m off the target.

An "autograph" of this beam on the luminescent screen with
the given scale is shown in Fig. 3.

A system of pick-up electrodes was used to measure the
proton beam bunch centre phase (Fig. 5 (1)) simultaneously
with the proton beam current along the accelerator radius
(Fig. 4). The operating volume pressure of the accelerator
being 1.2:10~® Torr, the H beam intensity decreased along
the accelerator radius approximately by an order of magnitude
and was not registered by the system of pick-up electrodes.

In general, the foil stripper affected neither the inten-
sity, nor the proton beam structure within the experimental
accuracy.



Fig. 3. Autograph of the H-

V(ﬂ" beam on the luminescent screen

5 after stripping.
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The theoretical resonant curves (Fig. 2) were obtained on
the assumption that the intensity of the proton and H™ beams
extracted from ion source (at the fixed amplitude of the ac-
celerating voltage of the dee) obey the law

I ~ (cos )", )

where the power index n varied in the range n = 3/2+3;¢ is the
phase of beam extraction from the ion source.

It is seen that the shape of the resonant curves changes
slightly (dashed curves in Fig. 2), whatever beam intensity
level is.

The distance between the experimental maxima of the reso-
nant curves corresponds to the mass of two electrons:

AH  1.4187 - 1.4171 -3
2B - &2 - e - 1.12.1073, 2)

Here the difference from the accurate electron mass does not
exceed 2%. This result can be refined by more accurate measu-
rements of the intensity maxima position in each beam.

3. REQUIREMENT TO MAGNETIC FIELD ISOCHRONISM

The conditions for simultaneous accelerator of P and H
ions were theoretically considered for an ideal isochronous
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isochronous one in the two-beam acceleration mode is of great
interest. Theoretically, any tuning of the isochronous acce-
leration mode of protons with the field or accelerating vol-
tage frequency mismatch of 5:107° must also correspond to the
acceleration mode of H  ions. A series of experiments was car-
ried 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. 5 (1)).

Fig. 5 (2,3) 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 simulta-
neous acceleration of two beams.

CONCLUSION

The work is the first to experimentally show a possibility
of simultaneous acceleration of two beams in isochronous cyec-
lotrons. This process agrees with the theory of resonant beam
acceleration in cyclotrons within the experimental errors.
The distance between the maxima of the resonant curves corres-—
ponds 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 facilities.

The authors are thankful to V.P.Dzhelepov and L.M.Oni-
shchenko for the support in fulfilment of the work, and to



N.V.Vasiliev and N.S.Tolstov for participation in development
and adjustment of the ion source, to R.Iran and the whole
U-120M team for participation in all activities connected
with the experiment.
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JKCnepHMeHTAalIbHOE HCCIJIegOBAaHHE npouecca
OOHOBpEMEHHOT'O YCKOPEeHHSl MPOTOHOB H H-HOHOB B IHKIIOTpPOHEe
llpuBeneHb pPe3yJIBTATH 3KCNEPHMEHTAJIBHOrO HCcClenoBaHHs
OOHOBPEMEHHOTO YCKODEHHSA OBYX INYYKOB HA H30XPOHHOM UHKIIOT—
poHe Y-120M HHcTuTyTa sAnepHoi ¢musmku UYCAH /r.Pxex, UCCP/.
0O6a nyuka, NpPOTOHOB H H:HOHOB, HHXeKTHPYITCHA H3 KOMOHHHpPO-
BAHHOI'O HOHHOI'O HCTOYHHKA, HMMewmero OBe OTOeNbHble paspAn-—
Hele KaMephl, KOTOpPHLI YCTa3HOBJIEH B UeHTPpe UHKIoTpoHa. Ilyuoxk
H™-HOHOB ycKOpfANCHA OO nepe3apsgHOH MUmMEHH, YCTaKOBJIEHHOI!
Ha KOHEYHOM pagHyce, ¥ BHBOOWJICA HAa JBOMHHECLEeHTHbI! 3KpaH
Ha CTeHKe KaMephl HHUKJIOTpOHA. [ly4YoK NMPOTOHOB YCKOPSJICSH OIl—
HOBpeMeHHO ¢ H —#oHaMH, mnepeceKalsl Nepe3apAnHyl MHUIeHbL H
nocre Hee perucTPUPOBAJICA Ha ChneuHansHoM npobHuke. Hamepe-
Hbl $a30Boe OBWKeHHe U ApYyrHe XapaKTepPHCTHKH NMYUYKOB MpOTO-—
HoB u H —HOHOB, YCKOpDEHHEX OO 3Heprud 22-24 MaB.

Pabora BumoJiHeHa B JlaBopaTtopuu sAgepHex npobGnem OHAM,
Mpenpmir 061 eqrmexrOro KHCTUTYTA ANEPHBLIX HecenoBanHii. Jybua 1988
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Experimental Study of Simultaneous Acceleration
of Protons and H™ Ions in the Cyclotron

The results of experimental study of simultaneous acce-~
leration of two beams at U-120M isochronous cyclotron of
INP (iei, CSSR) are presented. Both beams of p and H™ are
injected from a combined ion source having two separate
arc chambers placed into the central part of the accelera-
ting chamber. The H -ion beam was accelerated up to a
stripping foil mounted on a final radius, and was extrac-
ted to luminescent screen placed on the wall of accelera-
ting chamber. The p beam was accelerated simultaneously
with H ‘ions,went through the stripping foil and then re-
gistered on a special probe. The phase motion and some
other parameters of the beams accelerated up to 22-24 MeV
have been measured.

The investigation has been perfoemed at the Labo-
ratory of Nuclear Problems, JINR.
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