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The description of the central op-
tics for 2.4 m isochronous cyclotron
is given in this report. The main pa-
rameters of the cyclotron are repor-
ted in an other ?aper contributed to
the conference [1]. This cyclotron
will accelerate protons up to the ma-
ximum energy 100 MeV and other par-
ticles.

The aim of original orbits proper-
ty studies is to obtain compact lon
beam at possibly high time duration
of current pulse., In addition to, the
control flexibility requirement for
the position of al{ central optics
elements is taken into account,which
is important for cyclotron with vari-
able energy of particles.

A number of experiments were car-
ried out on 685 mm sector cyclotron
{1], which investigated the ion moti-
on near the center,

1. Preliminary Study Bgsic Re-
ults_of Initial I tion.

Radial motion. Radial ion @scil-
lation amplitude at the centre of
cyclotron can be estimated as half-
width of orbit center zone, if orbit

entring requirement is carried out
?that is, averaged orbit center co-
incides with magnetic field center).
The blow up of orbit center zone de-
pends considerably on the effective
width of an accelerating slit. For
different values of the parameter
L0484 (& - the effective
halfwidth of the accelerating slit
Up - dee vollage amplitude,£i=ﬂkc‘3
and direct voltage value Ui (Ui =~
in units of U, at "constant in-~
jection", original orbit parameters
were derived from the formulae of
"homogeneous fielad".

Fig.1 shows the dependance of pha-
se band width, accepted to further
acceleration on &4 . The latter was
derived according to original orkit
calculation in 2.4 m cyclotron for
several values of radial oscillati-
on amplitude:3 mm, 5 mm and 8 mm.

It is seen, that for the actual
condition of this cyclotron (proton
accelergtion, when %4 =0,6)

A¥ =60"4+80", Limit amplitude incre-
ase of radial oscillation above 5 mm
is not effective from the point of
view of time duration current pulse
increase. [t is also seen, that with
the increase of 94 , positive phase
ion fraction quickly drops.
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The application of continious in-
jection can considerably increase o
phase duration of peam pulse (by ~ 20
at Ui=0,1 and ~ 40%at Ui=0.5). The
study of transversal beam blow u§ (in
regpect to the accelerating slit
shows that it is negligible in
the system with an extracting elect-
rode on dee (puller).

Vertical motion. Dee grids [2] or
ion source digsplacement according to
Smith method [3] are generally used
to decrease vertical defocussing of
ions with negative phases by dee ac-
celerating field., In synchrocyclotron

where the accelerating voltage is not
high, electrostatic focussing can be
used [4]). The possibility of focus~-
sing improvement for 2.4 m cyclotron
by decreasing accelerating slit aper-
ture at the exit was considered ( see
fig.2). Fig.2 gives the calculation
results of vertical oscillation ef-
fective frequency Vie which are de-
rived with the help of formulae si-
milar to that cited in the paper {5]
while using the experimental data of
field modelling on electrolytic tank.
Fig.2 shows the dependance of the va-
lue Vie€. on the ion phase at R=10 cm
for different optical systems: 1 -
symmetrical accelerating slit (50 mm
by 35 gm),
2 - 10" displaced source,
3 = grids with 3 mm slit width are
set at the exit of accelerating slit,
4 ~ accelerating s1it aperture is
decreased at the exit from 50 mm to
25 mm. One can see that the most fo-
cusging effect can be achived when
the dee is closed by grids. S1it
aperture decrease at the exit is si-
milar to 10° source displacement.

Orbit centering. In the cyclotron
with variable energy of particles for
maintaining the orbit centering, ob-
tained for a single operation regime,
it is necessary to correct the value
of dee voltage ("constant orbit" regi-
me) or the position of optics elements
(the regime of accelerating voltage
constancy). The advantage of the first
regime is the absence of complicate
mechanisms for the adjustement of the
source position etc. 1t is convenient
to use the displacement of the ion
source or grid on the dees, However,
when the ions are accelerated at fre-
%uencies, multiple the frequency o

he ion revolution ("subharmoniecs"),
the conditions of the phase motion

Reprinted from IEEE Transactions on Nuclear Science NS-13 (4), Aug 1966 (©) IEEE 1966



Proceedings of the International Conference on Isochronous Cyclotrons, Gatlinburg, Tennessee, 1966

28 IEEE TRANSACTIONS ON NUCLEAR SCIENCE

can contradict the conditions of or-
bit constancy. As some studies have
shown, the large radial expansion of
the beam during acceleration at sub-
harmonics may cause the losses of in-
tensity while passing the central re-
gonant region. During acceleration of
multicharged ions with a large charge
number high accelerating potential is
desired in order to decrease the los=
ses due to gas dissociation.

In case Uo = const one can expect
insreasang of pulse time duration by
15%= 20° due to decreasing of %A pa-
rameter, The conditions of beam ext-
raction for these regimes of the cyc-
lotron operation are improved. The
disadvangage is the practical diffi-
cuty of correction in a wide range
of position of central optics indi-
vidual elements. The most suitable
method is probably that one, at which
their position is corrected in the
range of some tens of millimetres.
Here we have a number of selected po~
sitions. If there is a slight devia-
tion from the selectedpositions the
correction is made by means of selec-
tion of the value of the accelerating
voltage.

2. 2,4 m Cyclotron Central Region,

Fig.3 shows the head of the ion
source (15 mm X25 mm with flat part
height of 40 mm, the heght of the
extracting slit varies from 5 mm to
15 mm), the puller (13 mm from the
sourcef, the dummy dee and two col-
limators in the region free of
electric field. The source is inser-
ted into the chamber perpendicularly
the dee edge, this is due to its
construction. The accelerating dee
voltage is 125 kv. The dummy dee of
360 mm length is rigidly connected
with the source. The accelerating
81it width in the central region is
35 mm with the aperture of 50 mm.
The dee and dummy dee have special
lugs of a refractory material. These
lugs limit the slit aperture at the
exit up to 25 mm (30 mm, 35 mm). The
source and puller position is correc-—
ted in the range o¥ #50 mm from the
original position (+40 mm from the
chamber center), It is possible to
correct the position of the source
vertical axis relative to the magne-
tic field axis. All the displace-
ments (ineluding the collimator and
their slit aperture) have the remote
control.

3. Study of Ion Initial Motion
in 685-mm Sectar Cyclotron.

In the 685 mm sector cyclotron
the slit souxce of hot type is in-
stalled. The dee (its aperture is

August

17 mm, potential = 5 kv % 10 kv) has
a puller with the slit height of 8mm.
In the central region the dee and
dummy dee aperture is decreased up to
10 mm. The collimator is placed be-
hind the dummy dee. While accelera-
ting deuterium ions to the energy of
4 MeV study of initial orbit proper-
ties was carried out. The determina-
tion of ion orbits, carried out with
the help of a special probe with a
narrow electrode and a collimator,
showed good agreement (better than

1 mm) with the data of trajecto-
ry design in the case when the step-
ped approximation of
accelerating field distribution ob-
tained in the electrolytic tank is
used, The design _width of the phase
band (-15° ¢+ +27°) showed also good
agreement with the subseguent measu-
rements of phase motion [6] . Fig.4
shows the design distributlon of the
beam current on the first revolution
and the orbit positions, found expe-
rimentally. It was possible to carry
out the phase selection of the beam
(Fig.5) and 1imiting of radial oscil-
lation amplitude near the center ug
to ~ 1mm with the help of the colli-
mator. The vertical height of the
high energy beam was usually about
5 mm, Whilé centering the orbits by
means of the changing of the ion so-
urce position along the accelerating
slit X, the strong dependance of the
amplitude of the radial oscillations
on" X, was found (especially in the
region of the finite radii of acce-
leration). It can be seen from Fig.6,
which shows the dependance of ampli-
tude of radial oscillations for dif-
ferent positions of the ion Source
on the acceleration radius. The va-
lue of the amplitude is determined
brom the experiments on overshading
of one probe by the other.
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Fig. 1. Phase band width of ions, accepted to
acceleration as a function of §/)\ parameter.
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Fig. 2. Vertical focusing of ions by the elec-
tric field of the accelerating slit.
I - symmetric slit
II - ion source is displaced by 10°,
IIT - grid at dee entrance.
IV - slit output aperature half as input

aperature.
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Fig. 3. Diagram of central region of the 2.4-m
cyclotron,
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Fig. 4. Coamparison of the experimentally found
position of the first ion orbits with the design
one,
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Fig. 5. The results (II) of beam phase selection,
I - dependence of ion current when the collimator
is removed.
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Fig. 6. Dependence of the amplitude of the
radial oscillations on radius.
X, - is a coordinate of the source.

DISCUSSION

BLOSSER: The phrase ''centering optics'' was
used; does this refer to the movable source and
puller?

VENIKOV: Yes. It is to the motion of the source
and puller.
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