A. Dobrosavljevi¢, et al.: Automatic System for the Mapping of the VINCY Cyclotron Magnetic Field 13

AUTOMATIC SYSTEM FOR THE MAPPING OF THE VINCY
CYCLOTRON MAGNETIC FIELD

by

Aleksandar DOBROSAVLJEVIC', Sasa T. CIRKOVIC', Djordje KOSUTIC',
Ljubisa VUKOSAVLJEVIC!, and Dragan VRANIC?

Received on March 3, 2006; accepted in revised form on May 8, 2006

The VINCY Cyclotron is the main part of the TESLA Accelerator Installation at the
VINCA Institute of Nuclear Sciences in Belgrade. It is an isochronous cyclotron for
the acceleration of both light and heavy ions. The pole of its magnet has the diameter of
2000 mm; its bending limit is 134 MeV, while its focusing limit is 73 MeV. This paper
describes the magnetic field measurement system that has been used for the shimming
of the VINCY Cyclotron magnet, i. e., for precise shaping of its sectors and plugs. It is
an automatic measurement system based on the Hall-probe that moves in the median
plane, between the poles of the magnet. We have used this system to obtain precise
maps of the magnetic field for different operating regimes of the cyclotron, needed in
the process of shimming. The overall measurement uncertainty was estimated to be in

the range of £0.02%.
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INTRODUCTION

The TESLA Accelerator Installation is a mul-
tipurpose facility for the acceleration of heavy and
light ions. It consists of an isochronous cyclotron
(VINCY), aheavyionsource (mVINIS), alightion
source (pVINIS), and several experimental chan-
nels [1]. The construction of this facility is in its final
stage at the VINCA Institute of Nuclear Sciences,
Belgrade.

Measurements of the magnetic field represent
one of the most important phases in the construc-
tion of an isochronous cyclotron [2]. Magnetic field
measurements are an integral part of the magnet
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shimming campaign. This procedure involves small
corrections of the shape of the magnet sectors and
plugs that produce local changes in the magnetic
field, so that the isochronism can be achieved in the
whole operating range of the cyclotron. The shim-
ming procedure is performed trough several itera-
tions, each comprising:

(a) measurements of the magnetic field in the
median plane of the cyclotron magnet (central plane
between the poles of the magnet where the trajecto-
ries of accelerated ions are located),

(b) comparison of the measured magnetic
tield maps with theoretical ones obtained from the
magnetic field simulation program [3],

(c) defining how to change the shape of the
sectors and plugs in order to reduce the differences
between the real and the ideal magnetic field maps,
and

(d) precise machining of the sectors and plugs.

The main goal of magnet shimming is to ob-
tain the isochronous magnetic field for the nominal
(usually the most frequently used) working regime
of the cyclotron with the contribution of main coils
only. The next step is obtaining detailed maps of the
magnetic field for the other important operating re-
gimes (accelerated ion species and energies), taking
into account the contributions of the main coils, as
well as those of the trim coils [4]. As the magnetic
field mapping is performed once in a lifetime of the
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cyclotron (hopefully), the acquired data form a per-
manent basis for the cyclotron control system.
Moreover, this database serves for the future devel-
opment of the installation, in particular for the sim-
ulation of the injection [5], acceleration and extrac-
tion [6] of different ion beams that may be planned
tor future experimental programs.

It is obvious that the magnetic field measure-
ment system has to be reliable, accurate and flexible,
because it plays an important role in the course of
the construction of a modern multipurpose cyclo-
tron.

CONCEPT OF THE MAGNETIC
FIELD MEASUREMENT SYSTEM

The magnetic structure of the VINCY Cyclo-
tron consists of ferromagnetic elements (yoke,
poles, sectors, plugs), main coils, trim coils, and
harmonic coils. The simplified scheme of the mag-
netic structure is shown in fig. 1.

The pole diameter is 2000 mm. There are four
straight sectors per pole, having an angular span of
42° (sectors S1, S2, S3, S4 on the lower pole and
corresponding sectors S5, S6, S7, S8 on the upper
pole). The axial gap between the sectors is 36 mm.
There are 10 circular trim coils per pole and they are
placed between the poles and sectors. Also, there are
eight quasi-trapezoidal harmonic coils per pole —
four of them in the central region and four of them
in the extraction region. The maximal current ap-
plied to the main coils is 1000 A, producing a mag-
netic induction of 2.6 T at certain points between
the sectors (in the ion beam extraction region). The
corresponding upper and lower pole trim coils are
serially connected to 10 independent DC power
supplies delivering maximal 300 A. Together with
the main coils, trim coils provide the isochronous
magnetic field for different operating regimes of the

cyclotron. Harmonic coils are used for the fine ad-
justment of the ion beam orbits in the central or in
the extraction region.

To a great extent, the shape of the cyclotron
magnet defines the construction of the measure-
ment system. The cylindrical shape of the poles, the
radial symmetry of the magnetic field in the median
plane between the poles and the trajectory of the ac-
celerated particles, impose a cylindrical coordinate
system: the z-axes coincide with the axis of the axial
channel going trough the center of the poles, while
the R-6 plane coincides with the median plane. The
main goal of the measurement system is to enable
the mapping of the magnetic field in the median
plane between the poles of the magnet. These mea-
surements take place during the shimming or, later
on, during the mapping campaign. In order to
cover the whole circular surface with a fine mesh of
measurement points, it is necessary to choose the
appropriate step of the measurement probe in the
radial direction, covering the range from R = 0 to
1000 mm, and in the azimuthal direction, covering
the range from 6 = 0° to 360°.

The operating principle of our magnetic field
measurement system is described in fig. 2. It is based
on the positioning of the measurement arm in the
median plane across the whole diameter of the pole.
The arm is supported at three points: one at the cen-
ter of the magnet where it is fixed to the vertical shaft
in the axial channel and two points at the circumfer-
ence of the supporting ring, by means of supporting
wheels. The supporting ring is mounted to the lower
pole with several supporting legs. The measurement
probe travels along the measurement arm, scanning
the magnetic field from one to the other side of the
pole (from R = +1000 to —1000 mm). When the
probe reaches the end position, the measurement
arm moves in the azimuthal direction for one step
and measurements are repeated once more. In this
manner, rotating the measurement arm in the azi-

Figure 1. Ferromagnetic
structure of the VINCY
Cyclotron

1-pole,

2, 3 —yoke,

4 — main coils,

5 — median pole plates,

6 — sectors,

7 — upper axial channel,

8 — elevation system
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Figure 2. Principle scheme of the

magnetic field measurement
system

MA — measurement arm,

RM - motor forradial positioning of
the probe,

AM — motor for azimuthal position-
ing of the measurement arm,
P—measurement probe on the cart,
SR - supporting ring,

S1, §2, §3. §4 — sectors,

R, 0 — coordinate system axes

muthal direction for 180°, we cover the whole sur-
face in the median plane and obtain a complete map
of the magnetic field. The two servo motors installed
at the opposite ends of the measurement arm are
used for the radial positioning of the probe along the
measurement arm and azimuthal positioning of the
measurement arm, respectively.

BASIC MEASUREMENT
REQUIREMENTS

The following geometrical parameters of the
magnet strongly influenced the design of the mag-
netic field measurement system:

e pole diameter of 2000 mm (defines the range for
the radial positioning of the probe),

o minimal gap between the poles of the magnet of
36 mm (defines the space where the measure-
ment arm should be installed),

e diameter of the lover axial channel inside the
magnet plug of 20 mm, 180 mm below the plug
(defining the space for the axial shaft and absolute
encoder for the azimuthal positioning of the
arm), and

o distance between the magnet pillars of 3120 mm
(defines the clearance for the turning of the mea-
surement arm between the pillars).

The basic requirements that the measurement
system should fulfill are the following:

e jon beam dynamics calculations require that the rel-
ative accuracy of the magnetic field measurements
should be 0.01% (e. g accuracyof 0.2mTona2T
field level),

o flexible radial positioning of the measurement
probe along the measurement arm (e. g. radial step
of 5, 10, or 20 mm),

o flexible azimuthal positioning of the measurement
arm (e. g azimuthal step of 1° or 2°),

o the accuracy of radial and azimuthal positioning of
the measurement probe should be better than 0.1
mm in order to achieve the required measurement
accuracy (defined by high magnetic field gradients

at certain locations),

e simple and precise installation and removal of the
system from the cyclotron magnet (several times
during the shimming campaign, the mapping sys-
tem has to be mounted at the magnet for measure-
ment purposes and afterwards removed, in order to
remove and machine the sectors and plugs),

e parts of the measurement system, located in the
measurement region, are subject to a high magnetic
field (B,= 2.6 T); therefore, they have to be fabri-
cated of nonmagnetic materials in order to enable
their movement and avoid their influence on mea-
surement accuracy,

e movable parts of the measurement system exposed
to high gradients of the magnetic field have to be
made of nonmagnetic materials with low electrical
conductivity in order to reduce the effect of induced
eddy currents that may affect measurements (e. g.
measurement arm made of titanium instead of alu-
minum), and

e obtaining a detailed map of the magnetic field in a
relatively short time (3-4 hours) requires the use of
the automatic measurement system.

REALIZATION OF THE MAGNETIC
FIELD MEASUREMENT SYSTEM

The scheme of the realized magnetic field
measurement system is shown in fig. 3. It consists of
the following subsystems: the mechanical structure,
control unit, and measurement instrumentation.

Mechanical structure

The mechanical structure serves to move and
position the measurement probe in the median plane
with high precision and repeatability. It consists of:
e measurement arm,

e supporting ring,

e driving mechanism for azimuthal positioning of
the measurement arm, and

e driving mechanism for radial positioning of the
measurement probe along the measurement arm.
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Figure 3. The scheme of the realized magnetic field
measurement system

MA - measurement arm,

SR — supporting ring,

AE — absolute encoder,

MPT-141 — miniature Hall probe,

R7M — OMRON servomotors for radial (R) and azimuthal
(0) positioning,

OS - optical switches for radial (R) and azimuthal () ori-
gin point,

DTM-141 — Digital Hall-Effect Teslameter,

PLC CSI — OMRON servo drivers,

Ol — operator interface panel,

PC — computerwith programs and archive of magnetic field
maps

The measurement arm made of titanium is
light, firm and ensures minimal side effects in the
presence of a strong magnetic field (nonmagnetic
material, poor electrical conductor). Its maximal
thickness is 27 mm, total length 2860 mm, and
width 160 mm. All elements of the measurement
arm are made of titanium or plastic materials. The
measuring probe is installed on the cart traveling
along the measurement arm.

The supporting ring is made of aluminum. Its
inner diameter is 2300 mm, width 95 mm and it is
fixed to the lower median pole plate with 12 sup-
porting legs made of aluminum. Each leg has an ad-
justing screw, enabling the precise positioning of
the supporting ring in the horizontal plane.

The OMRON R7, 400 W servomotor [7]
with an optical incremental encoder of 8000
pulses/rev, performs the azimuthal positioning of
the measurement arm. It is mounted at one end of
the measurement arm. The motor driving wheel
covered with rubber travels along the supporting
ring achieving movement of the arm by friction.
The optical absolute encoder Allen-Bradley 845G
with a 15-bit resolution is attached to the axial shaft
of the measurement arm, below the plug, and it su-
pervises the azimuthal positioning of the arm. The
theoretical precision of azimuthal positioning of the
measurement arm is 1.7”, while the accuracy of the
absolute encoder readout is 40".

The driving mechanism for the radial posi-
tioning of the probe along the measurement arm
consists of an OMRON R7, 200 W servomotor
with an optical incremental encoder of 8000
pulses/rev, mounted at the end of the measurement
arm, reduction gear with zero clearance and gear re-
duction ratio 1:29, toothed belt gear made of
Kevlar and the cart carrying the measurement
probe. The theoretical precision of radial position-
ing of the measurement probe is 0.6 um.

Control unit

The control unit consists of a PC computer,
OMRON CS-1 programmable logic controller with
an operator interface panel, two OMRON R7D
servo drivers, two optical switches defining the radial
and azimuthal origin point and limiting switches for
the measurement probe and measurement arm.

The measurement system can work in several
operating regimes. Its programming is performed via
the operator interface panel (OI) and a PC computer.

e The manual regime is used during the initial ad-
justments of the measurement system and for bring-
ing its mechanical structure into the referent coordi-
nate system of the cyclotron. Fine adjustments of
the radial and azimuthal offset values are used to
achieve the precise positioning of the measurement
probe, bringing its active sensor area into the coor-
dinate system of the machine.

e The user’s program (program for a specific mea-
surement) is used to define the input parameters for
a specific measurement: radial and azimuthal steps,
starting and ending positions of the measurement
probe and measurement arm. Usually, we choose 5,
10, or 20 mm for the radial step and 1° or 2° for the
azimuthal step, but they could equal anything,
down to the theoretical limit of probe positioning.
In addition, we can define regions with different
steps, taking for example smaller steps in the region
of special interest or where the field gradients are
large (e. g taking a 5 mm radial step in the central re-
gion R = +200 to —200, while the rest of the me-
dian plane map is obtained with a 20 mm step).

e The automatic regime is used for performing au-
tomatic measurements. Starting this regime, we ini-
tiate the previously generated user’s program. Dur-
ing the measurement, all acquired data are
graphically presented on the screen.

Measurement instrumentation

The measurement instrumentation consists of
a Digital Hall-Effect Teslameter and the NMR
Teslameter. The Digital Hall-Effect Teslameter,
DTM-141, made by Group3 Company, can mea-
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sure the magnetic field of up to 3.0 T. Together with
the miniature Hall probe MPT-141, it can perform
magnetic field measurements with relative accuracy
of 0.01% [8]. A temperature sensor is included in
the probe, allowing the microprocessor inside the
instrument to compute temperature corrections
and, virtually, eliminate all temperature dependent
cffects of the Hall probe [9]. The MPT-141 probe
has a small physical size (14 x 5 x 2 mm), while its
small sensitive area of 1 x 0.5 mm enables precise
measurements of the local magnetic field. The
DTM-141 Teslameter is connected to the PLC via
RS-232C port, sending measured field values in
tesla or gauss. The MPT-141 probe is installed on
the moving cart on the measurement arm. This in-
strument is an integral part of the magnetic field
measurement system, enabling maximal 10 read-
ings per second.

The METROLAB PT 2025 is a high precision
microprocessor, controlled and fully programmable
NMR Teslameter [10]. It can perform measurements
with 107 T resolution and absolute accuracy better
than +5 ppm. Five different measuring probes cover
the range from 0.09 to 3.4 T. The active measuring
volume inside the probe is a cylinder 8 mm in diame-
ter and 4.5 mm long. It requires a relatively homoge-
neous field for the measurement (200-1300
ppm/cm, depending on the probe range). That is
why the NMR Teslameter is used only as a referent
instrument for the calibration of the Hall probes and
for certain precise measurements of the magnetic
field inside the cyclotron magnet.

Figure 4 shows the magnetic field measure-
ment system installed at the VINCY Cyclotron.

Figure 4. Magnetic field measurement system
mounted at the VINCY Cyclotron (upper pole ele-
vated)

MEASUREMENT PROCEDURE

Before the mapping of the magnetic field, the
system has to be calibrated and brought into the co-
ordinate system of the cyclotron magnet.

First, we had to calibrate the Hall probe using
the NMR Teslameter. The Hall probe had initially
been calibrated by the producer, but only up to the
maximal field of 2.2 T. Since the maximal field in
the cyclotron magnet was higher, we performed a
complete calibration again, this time reaching the
maximal field value of 2.6 T.

We also performed the calibration of the ra-
dial positioning of the probe using the HP 5528A
laser interferometer system. The calibration took
into account all imperfections in the machining of
the elements of the measurement arm, elasticity of
the toothed belt gear, efc.

The fine adjustment of the measurement system
comprised bringing the active measurement area of
the Hall probe, as precise as possible, into the coordi-
nate system of the magnet. That adjustment had to be
performed each time the system was mounted at the
cyclotron magnet. The technique of adjustment is de-
scribed in fig. 5. The first step comprised the mechani-
cal adjustment of the measurement system and a
rough defining of the radial and axial origin points.
The radial origin point (R = +1000) was defined by
shifting the cart until the marker point on the probe
was positioned against the edge of the pole. At that
point, the movable cart carrying the probe should
trigger the optical switch that is installed at the mea-
surement arm. The azimuthal origin point (0 = 0°)
was defined using the axel-pin installed on the lower
pole plate at & = 56°. Fine adjustments were per-
tormed using the high field gradients at the edges of
the sectors. Here, we presumed field gradients be-
tween corresponding sector pairs. Since all crucial fer-
romagnetic elements (poles, sectors, plugs) were ma-
chined and assembled with high accuracy (better than
50 pm), we presumed that the corresponding mag-
netic field was symmetric enough to be used for pre-
cise adjustment of the probe position (i. e. positioning
of the active measurement area of 1x 0.5 mm that is
located inside the measurement probe). Fine azi-
muthal positioning was performed using field gradi-
ents at the edges of sectors $4-S8 (for R = 900 mm
and 6; = 69° and 6, = 111°), while fine radial posi-
tioning was performed using field gradients in the
center of the magnet (where the axial channel pro-
duces a depression in the field), and at the edges of sec-
tors S1-S5 and $3-S7 (arm positioned at 8 = 0°, and
R = +900, 0,900 mm). The fine adjustment of the
radial and azimuthal offset within the control unit was
used to obtain almost identical (as close as possible)
values of the magnetic field at the symmetrical edge
points of the sectors. This is explained in fig. 5. Values
marked with crosses were obtained after the mechani-
cal adjustment of the system, while those marked with
circles were obtained after the fine adjustment of off-
sets. If we suspected that the arm was not centered
well, we could check the probe radial positioning
again, but that time for & = 90° or 180°.
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AP

Figure 5. Adjustment of the magnetic
field measurement system to the coor-
dinate system of the cyclotron

(a) mechanical adjustment of the azi-

muthal position of the measurement arm
against the axel-pin (AP),

(b) fine adjustment of the azimuthal posi-
tion against the sector 4 edges at 0 = 69°
and 6 = 111°,

(c) initial values obtained after mechani-
cal adjustment (crosses) are corrected by
the offset value (circles),

(d) mechanical positioning of the probe
against the radial origin optical switch
(RO),

(e) fine adjustment of radial position against
the edges of sector 1 and 3 (for 0 = 0°) and
center of the axial channel (R = +900, 0,
-900),

(f) initial values obtained after mechanical
positioning (crosses) are corrected by the
radial offset value (circles)

B[] / \ B[]
68 69 70 110 111 112 -100
(c) 0 [deq] M

A typical magnetic field mapping procedure
is based on a 20 mm radial step and a 2° azimuthal
step, producing a map of 9191 measurement
points. Measurements along the measurement
arm were performed in steps and always in one di-
rection, from R = +1000 to R = —1000 mm.
When the probe reached R = -1000 mm, a mea-
surement sequence was completed and the mea-
surement arm moved in the azimuthal direction
for 2°. Afterwards, the probe returned back to
R = +1005 mm and than went back again to the
starting position at R = +1000 mm, thus elimi-
nating the overall backlash; the measurement se-
quence was then repeated again. In this manner, a
complete map of the magnetic field can be ob-
tained in less than 3 hours. The duration of the
measurement may be reduced by changing the
measurement procedure, by introducing mea-
surements along the measurement arm in both di-
rections or by increasing the speed of the radial
probe movement. This would cause a somewhat
higher imprecision in the positioning of the
probe. In any case, the major limiting factor is the
maximal measurement rate of DTM-141 Digital
Teslameter of 10 readings per second.

1000
R [cm]

MEASUREMENT RESULTS

The described magnetic field measurement
system has been used during the course of the
magnet shimming campaign. As an illustration,
we have used a magnetic field map that corre-
sponds to the regime for the acceleration of H,*
ions to 30 MeV energy (the 30 MeV proton beam
is obtained after the ion beam extraction by strip-
ping foil). The corresponding 3D magnetic field
map presented in fig. 6 was obtained for the main
coils current I,,=711 A. One can notice local de-
pressions in the sectors, caused by improperly ma-
chined screws, errors being below 0.2 mm. This
illustrates the sensitivity of magnetic field mea-
surements, as well as the required high precision
of machining of all ferromagnetic elements. An-
other way of presenting the same magnetic field
map (2D plot) is shown in fig. 7. Finally, fig. 8
shows the difference between the measured aver-
age magnetic induction (obtained from the previ-
ous map, averaged over ) and the calculated aver-
age isochronous magnetic induction, showing
significant discrepancy in the central region. This
“bump” was removed during the shimming pro-
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Figure 6. Magnetic field map obtained during the
magnet shimming procedure for I,, = 711 A. This re-
gime corresponds to the acceleration of Hj ions to
30 MeV energy

Figure 7. A 2D presentation of the magnetic field map
forI, =711 A

cedure by the appropriate machining of the mag-
netic plug.

We have finished the magnet shimming suc-
cessfully [11] and are now engaged in mapping the
magnetic field. This procedure comprises acquiring
numerous magnetic field maps for different operat-
ing regimes, taking into account contributions of
the main, trim, and harmonic coils.

In the course of these measurements, we
have been able to analyze the measurement proce-
dure and estimate the measurement accuracy, as
well as the overall measurement uncertainty. We

1.95

BT

1.90 4

1.85

1.80

1.75

Figure 8. Measured average magnetic induction
(Bmeas) Obtained for I,, = 711 A compared to the cal-
culated isochronous magnetic induction for the same
regime (Bjs,), showing how to correct the profile of
magnet plugs and sectors

are confident that the accuracy in probe position-
ing in the median plane is better than 50 pm,
leading to the overall uncertainty of +0.1 mm.
The relative accuracy of the magnetic field mea-
surements by the calibrated MPT-141 Hall probe
1s £0.01%. Taking into account the combined er-
rors caused by the imperfect positioning of the
probe in the median plane and by the limited mea-
surement accuracy of the probe itself, we have es-
timated that the overall uncertainty of the mag-
netic field measurements is £0.02% (e. g. £0.5 mT
at the field level of 2.5 T), which satisfies the basic
requirements for the shimming and mapping of
the VINCY Cyclotron.

CONCLUSION

The system for the mapping of the VINCY
Cyclotron magnetic field is a completely automatic
measurement system with high flexibility, repeat-
ability, and accuracy. It enables the flexible posi-
tioning of the measurement probe, with arbitrary
steps in the radial and azimuthal direction. The
measurement system is constructed to enable sim-
ple assembling and disassembling from the cyclo-
tron magnet, providing at the same time high mea-
surement repeatability. Analysis of the measured
maps has shown that the relative accuracy of mag-
netic filed measurements is quite good, taking into
account successful simulations of the beams in
these fields. The system was used during the shim-
ming procedure that has been successtully fin-
ished, by means of which the final shape of the sec-
tors and plugs and the nominal isochronous field
have been achieved.
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Anekcangap JOBPOCAB/BEBUh, Cama T. hUPKOBUWh, Hophe KOMIYTUh
Jbyonma BYKOCAB/BEBUR, [Iparan BPAHUh

AYTOMATCKHN CUCTEM 3A MEPEIBE MATHETCKOTI IIO/bA
IUKIOTPOHA BUHCHU

Huxnorpon BUHCH je rnasuu feo Axkneneparopcke nucrananuje TECIIA koja ce rpajgu y
WuctutyTy 3a HyKIeapHe HayKe ,,Burua” y Beorpaay. To je n30XpoHu IUKIOTPOH 3a yOp3aBame Kako
JaKuX TaKO U TeKKX joHa. [Ipeynuk nosa marueta je 2000 mm; MarueTcka KpyToct cHoma je 134 MeV, ok
je koHcTaHTa (pokycupama 73 MeV. Y 0BOM pajly OIUCaH je CUCTEM 3a MEPEHhe MarHEeTCKOT T0Jba KOjH Ce
KOpHUCTH 3a fobmjame KoHauyHOr obmuka cekropa llukmorpona BMHCH y jemHOM HTepaTHBHOM
MOCTYTIKY: TpOpavyyH noska nomohy 3D cumynaiuje MarHeTcke CTPYKType, MallInHCKa 006pajia ceKTopa u
MepeHe MarHeTCKOr 10Jba. AyTOMATCKM CUCTEM 32 MEPE-E T0Jba 3aCHOBAH je Ha X0JI0BOj COH/IU Koja ce
kpehe y MeaujanHoj paBHU u3Meby monoBa maruera. [IpenusHe Mane MarHeTCKOT MOJba 3a pa3lInyuTe
pajHe pekMMe IUKIOTPOHA, HEOMXOJHE Yy Tpollecy OOJIMKOBaWma CeKTopa, modujajy ce kopucrehn
noMeHyTu cucteM. OmniiTa MepHa HECUTYPHOCT MpolelmheHa je y oncery of +0,02%.

Kmwyune peuu: axyeaepaitiop, UuKAOMWIPOH, Mepere MAZHETICKOZ H0/ba, 00AUKOB8AME CeKIOPa



