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Introductron The purpose of tliis study is to propose-an etﬁcrent beam extractron ,‘

system for the AIC-144 cyclotrou, IFJ, Krakow, Poland (1]. .

Al the pertinent parameters of the cyclotron became available to the design team only

. qurte a short timne ago. Hence, the proposed solution to the problem under consxderatrou

- should be reg,arded as a very prelunmary one. - - : -

. Performance requrrements The followur{., extracted beams propertres were assumed ‘

Particle .| . Parameter, | Min Feasible', Max Option

" Proton | Energy (MeV) { 20. 225 160 | 60.5
Co 7 Intensity (pA) |1 T e e
| Deuteron | Energy (MeV) |.20{.+ 23.5. -] 307 |.= = -
e Intensity (pA) [ 25 |- = oo el
a-particle | Energy (MeV) | < | -0 .- | max
TR Inteusity (uA) | - I MR S 1)

. The feasibility of the low energy extraction is liinited by bearn losses oufthe passage of

certain resonauces in the tune diagram. An optional’ requirement, concerning a-particle,

‘inplies that ‘the extraction” will be performed by a device, designed only for proton and’
deuteron, Tt.was also understood that the mtcusrty requrrement wrll be met 1f a sufﬁcrent

. mternal beam current is accelerated
- ¥

*Exrstmg cxtractlon systcm analysxs There are several factors which have pre-"

“'cluded the lughly efficient particle extraction within the existing system ‘ratlier low beam - £

'qualrty due to a large (1 2 mT) amphtude of the first harinonic of .the maguetic-field at .

injection, low energy gain per turn (Vgee< 50 kV) liited voltage (< 55 kV) at the electro-

f ‘static deﬁector to direct- the accelerated particles away from the cyclotron magnetlc field.
;A extraction device similar to the AIC-l44 was also explorted in the U-120-M cyclotron
" (Rzez, Czech Repubhc) and showed rather low (lo + 200 %) eﬂic1ency, ie extracted to

mternal current ratro [ZI

-

" New extractron system The layout of the new extractrou system is grven in Flg 150
v and Frg 2. . S : RN - :

A precessron of partlcle orbrt ceuters, wulely exp101ted in the extractlon of posrtrve jons - -
: from compact-cyclotrons, las been’ chosen as a solution of the problem.: The precession -
manifests itself in the fringe magnetic field of the cyclotron due to the well controlled first
‘lrarmonic {0.140.5 mT) of the maguetic field perturbation, which produces radial ‘coherent o
" oscillations of the amplitude (5+10) mm. The chorce of the precesslonal extraction method - -
. is'based on the fact that higlier final energy is reached in a given cyclotron field. It also.

" “allows the largest radlus, ‘where the:ESD entrance has to:be placed. Accordmgly, the .

smallest values of the electric field strength in the ESD could be exp101ted

Cornputer srmulatron The below descrrbed procedure was followed in the ca.lcula-( i
tions. In the central region the spatial distribution of the electr1c field and beam centering -
were calculated. In the main "acceleration region the magnetlc field maps and the corre- O

: spondrng beam transmls:uon were calculated Near the extractlon radlus varlous methods' Lot
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Figure 1: AIC-144 cyclotron magnetic structure with the extraction system shown

to enhance the orbit separation were considered. A precessional method has been chosen
as the most suitable for the case. Realistic magnetic field distributions near the extraction
radius and along the ejected particle trajectory were interpolated from the measured and
calculated maps. The parameters of the deflector and the system for coherent amplitude
build up were defined. The magnetic and electrostatic field contribution from the above
mentioned devices were included in the main field maps. Various beam deflection simu-
lations were performed in the thus reconstructed fields. We discuss all these steps briefly
below.

Magnetic field structure Prior to the beam dynamics analysis the magnetic field
maps for various modes of acceleration should be known. These maps cover both the main
acceleration region and the magnet fringe field zone.

Field shaping in the acceleration region (isochronous curves) was performed with the
help of the trim coils for protons of 60 MeV (main coil current I,=600 A) and of 22.5 MeV
(I,=120 A) and deuterons of 30 MeV (I,=600 A) and of 23.5 MeV (1,=285 A). In the
most difficult case (protons of 60 MeV) the accuracy of the mean field shaping was 1.5 mT .
at the level of 1.82 T. Using the proposed additional valley shims, the deviation of the
field from the desired one could be decreased down to 0.1 mT.

Iu the central region by means of better accuracy in manufacturing of central sectors
the amplitude of first harmonic was decreased from 1.2 mT to 0.7 mT. Another correction,
down to 0.2+0.3 mT, is under way.

Turn separation enhancement The system parameters were chosen mainly to pro-
vide extraction of 60 MeV protons because it is the most difficult case for the extraction
process.
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Flgure 2: Extraction system layout. 1,2,3 - electrostatlc deflector sectlons ESD—l 2,3; 4,56 -
magnetic channel sections MC-1,2.3; 7 - va.lley shim; 8 - harmonic coil; 9 - spiral shim; 10 -
vacuum chamber; 11 - dee

%

)

A set of particles with the initial radial amplitudes of 0, 1, 2, 3, 4 and 5 mm, axial
amplitude of 1, 2 and 3 rum (emittance = 4.5 * xmm x1nrad), energy of 55 MeV, belonging
to the beam bunch of 20° RF width, were traced through the extraction region. This rather
good beam quality could be taken for the calculations as a result of the first magnetic
field harmonic suppraasxon in the central region and the centering and beam transmission
studies.

‘Due to passing the 2Q,=0Q; coup]ing resonance, with @, and @, the radial and axial
oscillation frequencxes, axial amplitudes of s some particles increase and the extracted beam
axial emittance goes up to 8 mxmmxmrad. "The optimal values of the first harmonic
amplitude (0.2 mT) and its phase (170°) were obtained to provide =~ 4 mm radial turn
separation at the ESD mouth (azimuth 98°). The ESD entrance position should be at the

- radius 62.6 cm to reduce the beam losses at its septum down to 10 < 15'%, provided the

septum width'is 0.5 mm. The radial emittance of the beam equals 9 axminxmrad and
euergy is —60. 08 £ 0.17 MeV there. :

When sunulatmg the exl;ra.ctmg process of 22.5 MeV protous, the procedure similar to
protous of 60 MeV was employed. Here, the main difference is higher maximal separation
between two successive turus (= 11 mm). Of course, the following parameters of the
extraction system should be adjusted as required: Vg, the first harionic amplitude and
its phase,-ESD entrance position and aperture. But these values dre less demanding than
in the previous case. The same is valid for deuterous and a-particles within their specified
energy range -

A new.system of harmonic coils is proposed to produce the required magnetic field
perturbation. It will be placed around the valley shims, in the radial range 61+68 cin.
Having 900 Axturns in one coil, one could expect the amplitude of the first harmoxuc
=~ 1.2 mT with any desired phase.

Beam deflection Again, the basic parameters were chosen for the extraction of
60 MeV protons. The existing system constraints should be obeyed too. Three elec-
trostatic deflector sections and three magnetic channel sections are used for the beam
deflection to the matching point with the cylindrical coordinates R = 153 cm and az-
imuth = 308°, the desired beam spot dunensxous being 10x10 mn there. The correspond-
ing ra,dlal and axial envelopes were also ca.lculated

Deflection of 22.5 MeV protons, deuterons and a-particles within the specified ehergy
ranges requires a suitable adjustment of the parameters of all the deflector sections. But,
again, their values are less demanding than in case with 60 MeV protons. It was also

" understood that the extraction of particles of any intermediate energy (in between the

above considered extremities) could be easily provided by the proposed device.

As an example, some parameters of the deflector for the case of 60 MeV protous are
summarized in the Table.
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Parameter | Units | ESD-1 | ESD-2 | ESD-3 | MC-1 | MC-2 | MG-3
Voltage kV 55 55 55 - - -
Field kV/cm 110 110 110 - - -
Strength Tesla - - - —0.183 | -0.223 0
Field kV/cm?® 0 0 —43 - - -
Gradient | Tesla/m - - - 0 8 12

The ESD-1 section allows one to use lower voltage in the ESD to provide required
beamn deflection at the MC-1 section mouth. The preliminary design of the ESD sections
was made with the help of the well known RELAX-3D code. In order to reduce the
cyclotron magnetic field along the extraction: paths and to provide horizontal focusing
for compensating for the defocusmg effect of the cyclotron fringe field, passive magnetic
channel sections MC-1 and MC-2 are employed. Although a relatively low magnet field
(< 0.3 T) near the MC-3 section allows its active design, the final decision is still to be
done. The radial gradients of the sections and the field drops are adjusted by shifting
the radial beamn position inside them. To this end channel sections have got rather wide
workmg radial apertures. : ‘

Conclusion A new extraction system for the cyclotron AIC-144 is proposed Com—
puter simulation shows its potentially high efficiency for the specified set of particles and
range of their energies. Intensive calculations are still to be continued to prepare a formal
Technical Proposal for the device design.

- "Authors would like to express their gratitude to O.V.Lomakina for her help in prepering
this manuscript.
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Hccnenosauue Bomoxuocreu BbIBOAA nytu(a 13 uuK.no‘rpoua AHL1-144 B '

Hpennoxena HOBas CHCTeMa BHIBOAA nylu\a u3: um(norpona AHLI 144.
Ins peweHus 3anayu Gbin BRIGpaH Meron npeueccrm ‘UEHTPOB. opGHT YacTHLL
OTknoHeHne nyuxa B Qa.ua};rrylo TOYKY BHE YCKOPHTEJS . OCYLIECTBIISETCA  TPEMS
JIEKTPOCTATHYECKHMH H TpeMsl 37EKTPOMArHHTHLIMU CeKLUHaAMH nedrekTopa: Mo- |
nenMpoBanne Ha DBM meBlBaeT‘ Ha MOTEHUHAIBHO ‘BBICOKYIO  3(bheKTHBHOCTD
NPEMTOXEHHON CHCTEMDI BBIBOIA AT 3auaHHoro nuanamna 4acTHU M MX IHEpIHil.
B nacTosuiee BpeMms BEAYTCA pacHeThl Mo’ onpenenemuo neranbuou crpykrypbl’
37IEMEHTOB CMCTeMbl BbIBO/IA. DI : ‘

' lPa60Ta Bérno;rnena B JIaGoparopmrﬂnepnblx npo6rem OUAH.

", Coobutenue OBbeMHEHHOrO MHCTHTYTA SepHMX HecnegoBaiti. Jybna, 1996

e e

,JINR

“."’4;\"."""3“ _

Borrsov O.N. et al. - S . - E9 -96- 492'
Feaslblhty Study of the Beam Extractlon from the AIC-144 Cyclotron - f

A new extraction system for. the cyclotron AIC 144 is proposed A precesslon

“of *particle “orbit centers has been chosen as a solutron of the- problem.” Three.

electrostatic deflector sections  and -three “magnetic channel sections are used

. for- the béam deflection to the matchxng point. Computer slmulauon ‘shows.
potentially high efﬂcnency of the proposed system for: the specrﬂed set of particles
‘and range of their energies. Intensive calculatlons are under way to prepare a detalled

desrgn of the devrce components ;

The 1nvestrgat10n has been performed at the Laboratory of Nuclear Problems

A

Conununieation of the Joint ln}sti‘tute for Nuclear Reéeureh.‘.Dupn:i. 199;6 : ‘




