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The extraction system of a cyclotron guides an ion beam from a spiral acceleration orbit,
through an extraction trajectory, into a high energy transport line. The two methods
commonly used to direct an ion into the extraction path are deflection, by the electric
field of an electrostatic deflector, and ion stripping, by a thin carbon foil. Compared to
the electrostatic deflector system, the stripping extraction provides a fast and easy
change of the extracted ion energy and is easier to manufacture, operate, and maintain.
However, the extraction trajectory and dynamics of an ion beam after stripping are
highly dependant on the ion energy and specific charge. Thus, when a multipurpose ma-
chine such as the VINCY Cyclotron is concerned, it is far from easy to deliver a variety of
ion beams into the same high energy transport line and at the same time preserve a rea-
sonable compactness of the extraction system. The front side stripping extraction sys-
tem of the VINCY Cyclotron provides high (~70 MeV) and mid (~30 MeV) energy pro-
tons, as well as a number of heavy ions in broad energy ranges. The back side stripping
extraction system extracts low energy protons (~18 MeV) and enables their simulta-
neous use with high energy protons at the front side of the machine.
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INTRODUCTION design of the extraction system with the electro-
static deflector must include turn separation prior
to the extraction.

When passing through a thin foil, an ion
looses some of its electrons. Thus, after the foil, pos-

itive ions have larger specific charge, while negative

Ion beams are extracted from a multipurpose
cyclotron using one of the two devices: an electro-
static deflector or a thin foil. In an electrostatic de-
flector, a strong electric field deflects a beam from its

cyclic acceleration orbit into an extraction orbit
which then takes the beam out of the cyclotron. The
deflecting electric field, 7. ¢. the voltage on the elec-
trostatic deflector electrodes, is adjusted according
to the energy of the passing beam; therefore, the de-
vice is applicable only if the last two accelerating
turns with energy difference corresponding to en-
ergy gain per turn do not overlap. However, at large
radii, accelerating turns usually overlap. Thus, the
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ions change the sign of their charge and become
positive. In a magnetic field, the change of the ion’s
sign changes the direction of the rotation, while the
increase of the specific charge is manifested as a de-
crease of the rotation radius (see fig. 1).

In a cyclotron, the interaction between an ion
beam and a foil takes place in the magnetic field
which provides the rotational component of the ac-
celerating orbit. Due to the presence of the mag-
netic field, the change of the specific charge of the
ion caused by the foil results in the change of the ion
orbit after the foil, as illustrated in fig. 1. This effect
is used to extract an ion beam from a cyclotron. Af-
ter the foil, a negative ion leaves the cyclotron be-
cause of the change of the direction of its rotation. A
positive ion has a smaller orbit radius after the foil
than before it, and therefore, before exiting the cy-
clotron, makes at least one more loop (see fig. 2).
Tons are defined as positive or negative according to
their sign before the interaction with the foil.
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Figure 1. Interaction between ion and foil in homoge-
neous magnetic field

A negative ion (left) after the interaction with a foil becomes
positive and changes the direction of its rotation. The spe-
cific charge of a positive ion (right) is larger after the foil
than before the foil. Consequently, the radius of the ion rota-
tion is smaller after the foil than before the foil

Figure 2. Positive ion interaction with a foil in cyclo-
tron

The magnetic field of a cyclotron is not homogeneus, there-
fore the ion behavior after its interaction with the foil de-
pends on the foil position. The sector edge gradient causes
outward (solid line) or inward (dashed line) drift of a loop
Vp. Consequently, after the interaction with the foil, an ion
makes one or more loops before it exits the cyclotron. If the
foilis placed at small 0's, the outward drift helps the extrac-
tion and an ion makes a single loop. For foil positions at
large 0's, the inward drift acts on the first loop and causes the
appearance of the second loop. If the foil is positioned at
even larger 0's, the inward drift acts on the second loop as
well and an ion makes the third loop (dashed line). The zero
and the positive direction of the azimuthal coordinate
shown are used throughout the paper. Due to the axial sym-
metry, only a half of the yoke, one radiofrequency resonator
and two sectors of the VINCY Cyclotron are shown

BEAM EXTRACTION FROM
A CYCLOTRON

A strlppmg toil is commonly used to extract a
negative ion beam from commercial cyclotrons, as
well as from machines intended primarily for scientific
researches [1, 2, 3]. Compared to the electrostatic de-
flection method, ion stripping extraction has several

advantages. The stripping foil extraction, unlike the
extraction with the electrostatic deflector, does not re-
quire the separation of the last two acceleration turns
prior to the extraction. The energy of the extracted
beam is easily changed s1mp1y by adjusting the param-
eters of the stripping extraction system, while all other
operating parameters of the machine remain un-
changed. Beam energy is decreased by decreasing the
radial position of the stripping foil. This method can
be used to continually change the extracted beam en-
ergy, or to extract two beams with different energies,
corresponding to the two stripping foils placed at
proper radial positions. The efficiency of the negative
ion beam’s extraction can be as high as 99.9 %.

The specific charge of a positive ion beam after
its interaction with the foil is not unique. The distri-
bution of the ion specific charge after the foil de-
pends on ion energy and atomic mass [4, 5]. Ions
with different specific charges are spread in space due
to the magnetic field influence, thus only a part of the
beam corresponding to a single charge state can be
extracted from a cyclotron. It is to be expected that
the quality of an extracted positive beam will deterio-
rate along the loops the beam makes after the foil,
since the magnetic field of a cyclotron is not designed
tor such motion. The extraction of a beam that makes
more than one loop after the foil should be avoided.
The interaction between the beam and the electric
field of the acceleration gaps after the foil is also to be
avoided, since the beam and the electric field are syn-
chronized only during acceleration. To avoid acceler-
ation gaps after the foil, the loop after the foil must
have a sufficiently small radius. Parameter K, defined
as the ratio between the ion orbit radius before and
after the foil, 7. ¢. the ratio between the specific charge
of the ion after and before the foil, must be larger
than 2. Therefore, the stripping extraction of positive
ions from a cyclotron is applicable to heavy ions
whose charge before the foil is not larger than ap-
proximately A/2, where A is the ion atomic number.
Regardless of the mentioned disadvantages, the
stripping extraction of positive ions is particularly
useful for multipurpose cyclotrons.

EXTRACTION SYSTEM

The stripping extraction system of a cyclotron
consists of the foil, mechanism for foil positioning
and exchange and magnetic elements for the focus-
ing and bending of the extracted beam. The foil is
usually made of carbon and its size is of the order of
2 x 2 cm. Foil thickness and lifetime depend on the
type and energy of the ion beam that is being ex-
tracted by the foil.

Each of the desired ion beams has a corre-
sponding foil position which takes the beam out of
the cyclotron. The operating area of the mechanism
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tor foil positioning and exchange should cover, if
not all, than as many as possible foil positions corre-
sponding to the desired ion beams. The construc-
tion of the stripping foil mechanism is usually com-
plicated by the operating conditions of the
mechanism (vacuum, cooling) and geometric limi-
tations inside and outside the cyclotron (placements
and sizes of sectors, valleys, beam orbits, correction
coils power connections, vacuum chamber, mag-
netic structure of the cyclotron, radiofrequency res-
onators, ezc.)

Magnetic elements are usually passive ele-
ments placed inside a cyclotron or active electro-
magnets positioned outside the vacuum chamber of
a cyclotron. In the case of a multipurpose machine,
it is better to use active elements, because their fo-
cusing and bending characteristics can be adjusted
to different ion beams. During the designing of the
extraction system, each of the magnetic elements
used must be defined by its dimensions, placement
and range of the focusing magnetic field gradient, 7.
¢. bending magnetic field.

DESIGN PROCEDURE

The optimization of a beam extraction system
is based on the study of the quality dependence on
the parameters that define the system. The parame-
ters that define a system are the required operating
area of the stripping foil positioning and exchange
mechanism and the parameters of the magnetic ele-
ments between the foil and the beginning of the
high-energy transport line. A magnetic element is
defined by its position, size, maximal bending and
maximal focusing characteristics. It can be shown
that all the parameters that define a system directly
or indirectly depend on the azimuthal coordinate of
the beam’s exit from the cyclotron’s vacuum cham-
ber, 6. [6]. This parameter is thus refered to as the
key system parameter.

The quality of an extraction system is defined
by the parameters of the extracted beams. The pa-
rameters in question are beam losses, emittances
and beam directions at the point of exit from the cy-
clotron. It would be desirable that no beam losses
between the foil and the beam exit from the cyclo-
tron exist. Beam emittances at the exit from the cy-
clotron define the focusing strength of the magnetic
elements, thus they should be as small as possible.
Also, in order to avoid losses along the transport
line, beam emittances should be smaller than the
high-energy transport line acceptances. The angular
spread of the desired beams at their point of exit
trom the cyclotron defines the bending power of the
magnetic elements. If the direction of the high-en-
ergy transport line is not preset, this angular spread

is used to define the optimal direction of the trans-
port line.

The above mentioned beam parameters indi-
rectly define the quality of the extraction system,
thus their dependence on the constructional param-
eters of the system should be investigated. The
study of these dependencies and resulting conclu-
sions based on optimal solutions are significantly
simplified if the constructional parameters used as
arguments are properly chosen. It can be shown
that the best choice for an argument is a single con-
structional parameter of the system — the key system
parameter, 6, [6].

The suggested method of beam extraction sys-
tem optimization consists of the following three steps.
First, the range of possible beam exit point positions is
defined for each of the desired beams. The exit points
are then weighed by the quality of the extracted beams
they provide. Finally; for the determined optimal exit
point, the optimal direction of the transport line is de-
termined. In all graphical representations of the de-
pendencies used to illustrate this procedure, the
VINCY Cyclotron is used as an example [7, 8].

The radial coordinate of the beam exit point
trom the cyclotron is defined by the vacuum chamber
size and is 1.6 m. Therefore, the beam exit point from
the cyclotron is uniquely defined by its azimuthal co-
ordinate, 6.. When beam extraction from a cyclotron
by a stripping foil is concerned, different beams be-
have approximately the same if their K parameters
and mean orbit radii before the foil, R, are equal [6].
Thus, these two values divide the desired beams into
classes that are each represented by a single test beam.
Figures 3 and 4 give the dependence of the beam’s
exit point on the position of the stripping foil for dif-
ferent beam classes. Similarly to the beam’s exit
point, the stripping foil position is also uniquely de-
fined by its azimuthal coordinate, 0y The foil is
placed along an equilibrium orbit which is defined by
beam energy, 7. e. the mean radius of the orbit.

Figure 3 shows the dependence of the beam’s
exit point on the stripping foil position for different
values of parameter K. The mean radius of the orbit
along which the foil is positioned is the same for all
four curves and is equal to the maximal value of 86 cm.
For negative ion beams (K = -1), the shown depend-
ence increases. For positive beams, the dependence is
more complex and has local maxima. The number of
local maxima on the curves increases with the increase
of K. The “hoops” on a curve correspond to different
number of loops an ion makes after the foil, before ex-
iting the cyclotron. The most left “hoop” on a curve
corresponds to a single loop extraction. Each consecu-
tive “hoop” corresponds to the number of loops in-
creased by one. The position and the width of a
“hoop” depend on sector width [6].

The dependence of the beam exit point on
toil position for different mean orbit radii, 7. e. ex-
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Figure 3. Extraction of beams with maximal energy

Foreach value of K there is an upper limit for the azimuthal
position of the beam exit point, 0, defined by the maximum
of the corresponding curve. In a given exit point, a beam
with a desired value of K can arrive from more than one foil
positions, 6. For example, for 0, = 0 a beam with K = 3.33
can have one of the six values of the foil positions. Since
largervalues of 0, correspond to multiple ion loops after the
foil, only the stripping foil positions with the two lowest val-
ues of 0y should be considered

tracted beam energies, is shown in fig. 4. The ex-
ample shown corresponds to all ion beams whose
specific charge ratio value after and before the foil
is K = 3.

Mechanical and geometric limitations must be
taken into account when defining the position of the
beam exit point from a cyclotron. In figs. 3 and 4
these limitations can be represented as restricted

45 T T T T T T

8, [°]

0; ]

Figure 4. Extraction of positive ions with energies
smaller than the maximal

The local maximum corresponding to a single loop extrac-
tion decreases with the decrease of the mean orbit radius, i.
e. ion energy. The example corresponds to K = 3. The data
points on the curve corresponding to the largest mean orbit
radius are used as input parameters for beam extraction
simulations. The results of the beam dynamics simulations
are shown in fig. 5

zones for foil position, as well as for the exit point
position. For example, in the case of the VINCY Cy-
clotron, the exit point position is limited to the range
0. [-17.5°,17.5°] defined by geometric limitations,
.. e. by the placements and dimensions of the cyclo-
tron magnetic yoke, radiofrequency resonators and
the vacuum chamber door. The limiting vertical
space between sectors makes the construction of foil
positioning and exchange mechanism difficult, so
some or all of the foil positions that are placed over a
sector may be unavailable. Therefore, the areas that
should be entered with caution coincide with the an-
gular spread of the sectors, thatis 6 € [-21°, 21°]
and O [69°, 111°].

Results shown in figs. 3 and 4 are obtained by
the simulation of test ions trajectories. To study the
quality, 7. e. the efficiency of beam extraction, the
dynamics of a test beam instead of a test ion should
be simulated. The initial position of the central ion
in a beam, used as an input data in these simula-
tions, corresponds to the foil positions marked
with dots in fig. 4. As a measure of the quality of an
extracted beam, squared emittance, £2, defined as a
product of horizontal and vertical beam emittances
at the exit from the cyclotron, &2 = gi¢,, is used. In
tig. 5, the dependence of this variable on the beam
exit point position is shown.

The dependencies shown in figs. 3, 4, and 5
reveal that beam dynamics in the extraction region
ofa cyclotron also impose limitations on beam exit
point positions. The upper limit for 6. is defined by
the local maximum corresponding to the extrac-
tion with a single loop after the foil (see figs. 3 and
4). It a beam makes more than one loop after its in-
teraction with the foil, beam losses are large, 7. ¢.
extraction efficiency is small, which therefore sig-
nals that multi-loop extraction should be avoided.
Some beams need to be extracted from a cyclotron
not only without losses, but with small exit emit-
tance as well. The dynamics of these beams deter-
mine the minimal value of 6, (fig. 5).

The increase of square emittance for two to
three orders of magnitude shown in fig. 5 is the
consequence of the sector edge defocusing eftect il-
lustrated in fig. 6. Thus, the loop a beam makes at-
ter the foil should be placed away from the sector
edges. Negative ion beams extracted from the max-
imal radius and radii close to the maximal radius
travel only a short distance between the foil and the
exit point. Along this distance, they experience the
influence of the pole edge magnetic field gradient,
which in this case has a focusing effect. The quality
of these beams is good and does not depend on the
mean orbit radius; therefore, the beam dynamics
study for high-energy negative ions is not shown.

The shape of the curves shown in fig. 4 indi-
cates that geometric limitations also define the
minimal obtainable energy of a positive ion beam



J. L. Risti¢-Djurovi¢, 8. T. Cirkovi¢, Dj. Kosutié: Beam Stripping Extraction from the VINCY Cyclotron 25

a T T T T T T
g 5
RRT B
£ H
g -
AT '
. .
. .
. i
. :
10 5
- -
N )
X :
‘. H
1(%3;2 Y : =
9-10 - 3
.Q
g-10° ‘.. 5
. ol . =
7-10° A e L
6-10 1 1 1 1 1 1
-30  -20 -10 0 10 20 30

Figure 5. Square emittance

The abrupt deterioration of the beam quality manifested as
the increase of the square emittance is caused by the mag-
netic field gradient at the sector edges [6]. The value of the
square emittance between the sudden increases does not de-
pend much on the K parameter, while the width of this re-
gion decreases with the decrease of K. The solid symbols
correspond to the foil positions over the sector, while the
open symbols depict foil positions in the valley. The example
corresponds to K = 3 and R,, = 86 cm
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Figure 6. Defocusing by sector edges.

If a beam travels along a sector edge, the magnetic field gra-
dient present in this region acts upon the envelope of the
beam. In region A, the direction of the test beam trajectory
and the sector edge gradient are such that the resulting effect
on the vertical beam envelope, 2, is focusing. However, the
remaining length of the trajectory before the exit from the
machine is long and focusing becomes over focusing. Along
the sector edge B, the vertical beam envelope is defocused

through the lower limit of the beam extraction
point position. The monotonous growth of the
curve corresponding to a negative ion beam in fig.
3 suggests that, for a negative ion beam, there is no
lower limit for extracted ion energy. This implies
that the stripping foil method can successfully be
used to simultaneously extract high energy ions
from the maximal mean orbit radius on one side of
the cyclotron and low energy ions from a low mean
orbit radius on the other side of the machine. The
operating regime of the machine remains the same,
while the desired beam is chosen simply by insert-
ing the stripping foil to the proper position. The
accelerated negative ion beam is H™ and the two ex-

tracted beams are proton beams. Figures 7 and 8
illustrate the study of low energy negative ion ex-
traction.

For the small values of parameter K, the radius
of the loop a positive beam makes after the foil is too
large and sector edges can not be avoided. If such a
beam is among the required beams, the focusing
magnet should be placed as close as possible to the
defocusing region along the beam trajectory, which
corresponds to the beam’s exit point. When a multi-
purpose cyclotron is concerned, there is usually
more than one beam that requires focusing at the
exit point, thus the focusing magnet must have an
adjustable magnetic gradient.

|

180

160

180 200 220 240 260
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Figure 7. Negative ion extraction from low mean or-
bit radius

The monotonous growth of the exit point position depend-
ence on stripping foil positions for ion energies and extrac-
tion radii close to their maximal values, changes into the
shown dependence for small extraction radii. The local
maximum and minimum for the range of exit point posi-
tions between them provide three foil positions correspond-
ing to a single exit point position. The beam path between
the foil and the exit point is not short as was the case for
high-energy beams, so the beams may encounter negative
influence of sector edges. The quality of the beam and the
dependence shown can impose an upper or a lower limit on
the exit point position. To clear up the uncertainty about
beam quality, three test trajectories corresponding to the exit
point position of 218° are shown in fig. 8. The shade of the
data point and the corresponding test trajectory in fig. 8 is
the same

Beams extracted from a multipurpose cyclo-
tron at an exit point have different exit directions.
Nevertheless, they should all continue to travel
through the same high-energy transport line. This is
achieved by adding an adjustable bending compo-
nent to the magnet, positioned at the beam’s exit
point from a cyclotron. A magnetic element with
adjustable focusing and bending characteristics is
called a combined magnet, because the bending
magnetic field and the focusing magnetic field gra-
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Figure 8. Test trajectories of negative ions extracted
from low radius

The test trajectories depicted in light-gray and dark-gray
travel along a sector edge, their envelopes are defocused and
thus the foil positions corresponding to them are not a good
choice. The use of the foil position corresponding to the
black test trajectory and the like introduces a lower limit to
the exit point position for a given test ion energy (see fig. 7).
Once the exit point position is fixed, it sets the lower limit for
the obtainable energy of the extracted beam

dient are combined and adjusted to successfully
manage each of the required beams. The introduc-
tion of the combined magnet significantly improves
the quality of the extracted beams and the compact-
ness of the extraction system. It enables unidirec-
tional stripping extraction and decreases the num-
ber of magnetic elements needed in an extraction
system [9]. If the direction of a high-energy trans-
port line is not predefined, the angular spread of the
beams’ directions at the exit point is used to deter-
mine the optimal direction of the transport line.
The transport line direction is optimized by mini-
mizing the required bending magnetic field using
the equation By, = const Ap/K, where B}, is the bend-
ing magnetic field needed for a particular beam and
Ag is the difference between the beam direction and
the transport line direction at the exit point.

All the examples shown are the results of test
ion trajectories and test beams dynamics studies.
The simulations of test ion trajectories and ion
beam dynamics were performed using VINDY, a
self-made software package [10].

RESULTS

The described procedure of the stripping ex-
traction system design and optimization has been
applied to the VINCY Cyclotron. The machine has
two foil stripping extraction systems — the front and
back ion beam extraction systems [10]. The front
side system enables the extraction of light and heavy
ions that have a low charge state during accelera-
tion. These beams are further transported to chan-
nels for the production of radioisotopes and for ra-
diation research. The test beams for the front

extraction system are the 65 MeV proton beam ac-
celerated as the H™ beam, the 30 MeV proton beam
obtained as a result of the interaction between the
foil and the H," beam, the 28 MeV *He?* beam
obtained from the *He™ beam and the 120 MeV
#0Ar!5* beam obtained from the *°Ar®* beam. The
operating regime of the machine is adjusted so that
the beams reach the required energies at the radius
of 84 cm. The acceleration regime corresponding to
the 65 MeV H™ beam is also used to obtain 15 MeV
protons at the back side of the machine, using the
back side extraction system. This beam is used to
produce the radioisotope '3F in the shielding vault
of the machine. Among the beams required at the
front side, protons originating from H,* and *He?*
originating from *He* have K = 2. The loop these
beams make after the foil is large, defocusing by sec-
tor edges can not be avoided, and they, therefore, re-
quire immediate focusing after they leave the cyclo-
tron. Also, the direction of each of the four test
beams has to be adjusted to the preset transport line
direction. Thus, the magnetic element placed at the
beam’s exit point is the combined magnet, because
itmust have focusing as well as bending capabilities.

The geometry of the machine restricts the
placement of the beam’s exit point to the region
Ope [-17.5°,17.5°T and O, € [213°, 220°] for the
front and back side, respectively. The study of beam
quality sets the positions of beam exit points to 0 s =
= 9.5°and 0, = 215.5°. The simulations of the test
beams dynamics define the parameters of the com-
bined magnet. The effective size of the magnet is
Dy, =260 mm, D, = 120 mm and L = 1000 mm,
where Dy, D,, and L are the horizontal and the verti-
cal aperture, and the length of the magnet. For test
beams, the required bending component of the
magnetic field is £200 mT. The maximal value of the
required focusing gradientis 1.1 T/m. The required
operating areas of the stripping foil mechanism are
defined by the corresponding radial and azimuthal
ranges ARge [800 mm, 860 mm], ABge [12°,52°],
and ARg e [390 mm, 470 mm], A@q, € [245°,255°],
tor the front and back side, respectively. The scheme
of the machine and the extraction systems, as well as
the test ion beams, are shown in fig. 9.

CONCLUSION

While designing a complex system, methods
of linear and non-linear programming are often not
sufficient for finding the optimal solution. The
number of requirements and limitations, as well as
the number of complex relations between them, is
large; some of them can not be quantitatively de-
scribed by a variable and the introduction of weigh-
ing coefticients in order to rank them by importance
is not easy.
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Figure 9. Scheme of the VINCY Cyclotron stripping extraction systems

The front side extraction system: stripping foil, F 1, stripping foil mechanism, FM1 and combined magnet, CM. The back side ex-
traction system: stripping foil, F2, stripping foil mechanism, FM2. Also shown are the test beams. On the front side 65 MeV per
nucleon H, 30 MeV per nucleon H,, 7 MeV per nucleon He, and 3 MeV per nucleon Ar extracted from the equilibrium orbit with
R,, = 84 cm are shown. As expected, the test beams originating from Hy* and *He™* ions behave similarly because they have the
same value of K = 2. On the front side, the adjustment of the extracted ion energy by the stripping foil position is illustrated. Tra-
Jectories of the four test H ions with energies 14, 15, 16, and 18 MeV per nucleon are shown

The suggested method of optimization for the
stripping foil extraction system consists of three
steps. Firstly, the range of possible values of the key
parameter — the beam’s exit point from a cyclotron,
6., is determined for each of the desired beams. Re-
sults similar to those shown in figs. 3 and 4, as well as
geometric and mechanical limitations, restrict the
toil and exit point positions. Exit point positions are
then associated with a quality measure that serves to
choose the optimal exit point. The beams must be ex-

tracted from the cyclotron with high efficiency;
therefore, after the interaction with the foil, they
should make only one loop before they exit the cyclo-
tron. Similarly; the upper limit of 0, is determined by
the minimal of the local maxima corresponding to a
single loop extraction. For some of the beams, the
quality criterion is not only high extraction efficiency,
but small exit emittance, as well (fig. 5). Finally, for
the chosen optimal beam exit point, the optimal di-
rection of the transport line is determined. Test ion
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Jacna Jb. PUCTUR-HYPOBUH, Cama T. hMPKOBWH, Hophe KOMIYTUh

N3BOGLEILE CHOIIA N3 NUKIOTPOHA VINCY Y3 IIOMOh ®OJUJE

ExcTpaknmoHn cuCTeM NHKIOTPOHA BOAW JOHCKH CHON oOf yOp3aBajyhe op6ure Kpo3
eKCTPAaKIMOHY NyTamy 10 BUCOKOEHEPreTCKe TpaHCIOPTHE uHuje. [IBa yoOnuajeHa MeTofa 3a yBobemwe
CHONA Yy €KCTPaKIUOHY MyTamy Cy CKpeTarme CNeKTPUIHUM MOJBEM EIEKTPOCTaTHUYKOr AcekTopa u
Jbynrheme eTeKTPOHCKOT OMOTava joHa y3 momoh Tanke gonuje off yribeHnka. Y nopehemy ca cucreMmom
ca eNIEKTPOCTATHIKIM JIe(PIEKTOPOM EKCTPAKIIMOHY CHCTEM ca (poiijoM oMoryhaBa 6p3y 1 J1aKy IPOMEHY
GHepruje M3BEefeHOr CHOMA, JaKIIe ra je HAlpaBUTH, HUME PYKOBATH M OApsKaBaTH ra. Mebyrtuwm,
eKCTpaKIMOHa TpajeKTophja W JUHAMKKA JOHCKOT CHOIA mocie poije BeoMa 3aBHce OJl EHepruje u
cnenu@UIHOT HaeJeKTprcama joHa. 3aTo y cllyvajy BUIlleHaMeHCcKe MatHe KakBa je Llukmorpon VINCY
HIje HIMAJIO JIAKO CIIPOBECTH PA3JIMYUTE jOHCKE CHOIIOBE Y ICTY BUCOKOSHEPIeTCKY TPAHCIIOPTHY JIMHU]Y U
y HCTO BpeMe 00e30€IUTH [ia CUCTEM 3a U3Bobeme Oyje KkomnakTaH. I[Ipeamu eKCTpakIInOHU CUCTEM ca
donujom LHuknoropua VINCY uzpopu nporone Bucokux (~ 70 MeV) u cpeamux (~ 30 MeV) eHepruja kao
1 YATaB CIEKTap TEIIKNX jOHA U3 IIIPOKOT €HEPTeTCKOT OTiceTa. 3albi eKCTPAKIMOHHT CICTEM ca (ponujoM
U3BOMIN HUCKOEHepreTcke mpotoHe (~18 MeV) m omoryhaBa HWHXOBO HCTOBpPEMEHO Kopulltheme ca
BHUCOKOCHEPIreTCKUM MIPOTOHNMA U3BEACHUM ca IPEfilbe CTPAHE MallliHe.

Kmwyune pequ: yukaoipor, excilpakyuOHu CUCIUEeM, JOHCKU CHOU, UpOJeKill YUKAOTUPOHA



