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The results of investigations on tuning the cells of interdigital accelerating structure of a new prestripping section
of the multicharge ion linear accelerator (MILAC) are presented in the paper; for this purpose an alternating phase
focusing with stepped changing of a synchronous phase is used. In this case, the focusing period consists of a series
of cells which lengths vary irregularly due to the synchronous phase change. The procedure of tuning the cells of the
accelerating structure to the specified resonant frequency is described, that provides the required electric field distri-
bution between drift tubes. The works were performed by numerical simulations; the results were checked experi-
mentally on test-benches.
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1. INTRODUCTION Table 1. The structure of the focusing period in the con-
To solve some scientific and applied problems, a struction
task of accelerating a high current beam of light ions on Tube di-
the Kharkov multicharge ions linear accelerator MILAC nfneﬂl)ler lenz?}? ecm phiZ:sch(iég ameter,
[1, 2] is set. In this connection it is necessary to modern- ’ ’ ) cm
ize some accelerator systems especially in its initial 0 12,61 -90 22
part. The existing prestripping section PSS-15 [3] is de- 1 12,62 -90 22
signed for accelerating heavy ions with mass-to-charge 2 36,27 75 22 (26)
ration of A/q<15. It does not fit for acceleration of in- 3 9,74 50 26
tense beams of heavy ions (protons, deuterons, helium). 4 6,56 0 31
Therefore, presently next to this section a new initial 5 4,59 -65 48
part of the accelerator (PSS-4) is being constructed for 6 12,59 -90 52
accelerating only light ions from 30 keV/u to 1 MeV/u 7 50,62 75 36 (50)
meant for significant increase of pulse number of the 3 13,71 50 43
be.am current. After recharging (s‘Fripping) this. beam 9 931 0 45
will be output on the acceleration line of the main MI- 10 10,50 50 65
LAC section and accelerated up to 8.5 MeV/u. 11 1 5:6 2 85 62
2. CALCULATION OF CELL LONGITUDI- 12 73,48 75 61
NAL DIMENSIONS 13 23,19 60 55
As the PSS-4 accelerating structure we chose a mod- 14 9,96 0 60
ification of the cavity of interdigital type which is 15 9,22 -65 72
presently in use in the main and prestripping sections of 16 33,17 -70 69
MILAC [2,3]; the cavity is being excited on H;i; wave. 17 96,23 75 45 (46)
The advantages of this structure in the energy range un- 18 31,97 60 72
der discussion lie in its compactness, high acceleration 19 13,58 0 77
rate, and high electrodynamic characteristics providing 20 14,93 -60 94
stable operation and power-saving mode of RF-power 21 41,83 =70 87
supply. The interdigital accelerating structure is also fa- 22 127,75 75 65 (74)
vorable for the simplest and efficient method for provid- 23 42.05 60 ]8
ing phgse and radial sFability of the l?eam along the ac- 24 17,58 0 96
celerating channel which the alternating phase focusing 25 18,98 60 110
is in the version with the stepped changing of the syn- 26 39.44 90 110
chronous phase [4,5]. 27 167,81 73 69 (85)
Efficiency of this method depends strongly on con- 23 5041 50 108
figuration of each focusing period. The structure of the 20 48’ 59 20 129 (140)
focusing period in the construction being discussed con- 30 3 6’ 69 0 156
tains a number of cells (see Table 1) where the syn- 31 - 8,22 10 156
chronous phase changes discretely from the cells with 2
negative (grouping) phases passing the cells having the 32 36,21 150
phase smaller in absolute value through ¢=0 to the zone
of positive (focusing) phases and ends with transition to Such arrangement of synchronous phases provides
the zone of negative phases. the capture of high current ion beam being injected in

the phase angle of 120° and its radial and phase stability

78 PROBLEMS OF ATOMIC SCIENCE AND TECHNOLOGY. 2006. Ne 3.
Series: Nuclear Physics Investigations (47), p.78-80.



along the accelerating structure, and gives a possibility
to hold the acceleration rate at rather high level.

The PSS-4 accelerating structure is designed for low
input energy of ions (30 keV/u) and high pulsed beam
current (12 mA); therefore, accelerating field distribu-
tion in the initial part of the structure was taken as in-
creasing from cell to cell in order to provide the maxi-
mum capture of particles in the mode of stable longitu-
dinal motion. In this case the width and depth of the po-
tential well in which the particles move increases signif-
icantly.

A LINACV2 computer code was written in FOR-
TRANOO [5] for calculation of the longitudinal cell di-
mensions and ion beam dynamics; this code gives a pos-
sibility to work in dialogue mode. The geometric sizes
of tubes are given in the Table 1.

Taking into account all the listed above aspects a
task is set to optimize the design of all the elements of
the PSS-4 accelerating structure; such optimization
would provide tuning the accelerating structure on the
specified frequency and required accelerating field dis-
tribution.

3. CALCULATION OF GEOMETRIC AND
ELECTRODYNAMIC CHARACTERISTICS

Calculations of constructive and electrodynamic
characteristics were carried out in 3D version. The pro-
cedure of ‘manual control’ was used which means that
the geometrical sizes were sequentially changed for ob-
taining the required values of necessary characteristics.
In the process of optimization parameters for the ele-
ments of the structure (cavity diameter, cavity shape the
drift tube diameters, diameters of the rods of the drift
tube holders) were adjusted to the required values. In
the process of tuning the end resonance tuning elements
were used [2] which represent quarter wave oscillators;
on the side of the oscillator facing the side wall of the
cavity a control piston is placed which can move in lon-
gitudinal direction. Such systems are installed on the in-
put and output ends of the cavity.

The optimization process appeared to be very com-
plicated due to a difference in synchronous phases (as it
is seen from the Table 1) and, therefore, differences in
drift tube lengths along the focusing periods which is an
intrinsic feature of the alternating phase focusing (APF
with SCP) which we used. The number of calculation
cycles was several tens. As a result of these calculations
the data were obtained which ensured completion of the
task.

The results of calculations of geometric and electro-
dynamic characteristics are presented in the Table 2.

The general view of the PSS-4 accelerating structure
is given in the Fig.1. The octahedral cavity having the
diameter of the inscribed circle 1075 mm is a compound
structure consisting of two lengthwise halves connected
with safe electrical and thermal contacts.

The most arduous was curried out on determination
of the drift tube diameters which should provide the
necessary inductive and capacitive characteristics of the
cells of the accelerating structure. In the Fig.2 the end
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section of the accelerating structure with end tuning ele-
ment is shown.

Table 2. Geometric and electrodynamic characteris-
tics of the structure

Input ion energy 30 keV/u
Output ion energy 975 keV/u
Operating frequency 47.2 MHz
Accelerating field 9...85kV/ecm
Total acceleration rate 1.6 MeV/m
Cavity length 239 m
Number of accelerating cells 32

Cavity diameter 107.5 cm
Pulsed current of accelerated ions | 10 mA
Angle of beam capture 120°
Q-factor of the cavity 20000
Shunt impedance 150 MQ/m
Pulse repetition rate 12.5 Hz

Fig.1.The general view of the PSS-4 accelerating struc-
ture

Fig.2. The end section of the accelerating structure
with end tuning element

The obtained distribution of accelerating field along
the gaps is shown in the Fig.3. Growing field in the ini-
tial part of the structure and constant field in the follow-
ing one is achieved with accuracy sufficient for stable
dynamics of the high current ion bunches being acceler-
ated.
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HACTPOMKA HEPET YJISIPHOM BCTPEYHO-ILITBIPEBOI YCKOPSIOIIEN CTPYKTYPhI
C ®OKYCHUPOBKOM BY-TIOJEM

B.A. bomko, A.®. [Ivauenxo, b.B. 3ainiyes, A.®D. Kobeu, E.B. Heaxno, 3.E. IImyxuna, C.C. Tuwmkun, E.J]. Ma-
PUHUHAG

IIpuBondaTcs pe3ybTaThl UCCIECAOBAHUM 110 HACTPOUKE SA4EEK BCTPEUHO-LUTHIPEBOM YCKOPSIOIIECH CTPYKTYPbI
HOBOH TPeToOMpOIHON CeKIIMN TMHEWHOTO YCKOPHUTENIS MHOT03apsnHeIX noHOB (JIYM3M), B KOTOpOil puMeHs-
eTcsl mepeMeHHO-(a30Bas HOKyCHPOBKA C IMIATOBBIM U3MEHEHHEM CHHXPOHHOHU (a3bl. B aToMm cirydae nmepuox doxy-
CHPOBKH COCTOMT M3 SY€eK, JIMHA KOTOPHIX M3MEHseTCsl HeperysipHo. OnrcaHa METOMKa HACTPOHKH yCKOPSIIO-
meld CTPYKTYphl Ha 3aJaHHYIO PE30HAHCHYIO YacTOTy, oOecrednmBaromas MpH 3TOM TpeOyemoe pacrpeencHne
9JIEKTPUYECKOTO MOJIS BIOJb 3a30pOB. PaOOTHI BHIMOIHSIINCE ITyTEM YHUCIEHHOTO MOJICITUPOBAHUS, PE3YJIBTAaThl KO-
TOPOTO MTPOBEPSUTICH HAa SKCIICPUMEHTAIBHOM CTEHJIE.

HACTPOMKA HEPEI'VJISIPHOI 3YCTPIYHO-IITUPEBOI IIPUCKOPIOIOYOI CTPYKTYPH
3 ®OKYCYBAHHSIM BU-IIOJIEM

B.O. bomko, A.®. /[’auenko, b.B. 3aiiyes, A.Il. Kooeys, €.B. Isaxno, 3.€. IImyxina, C.C. Tiwkin, E.JI. Mapuni-
Ha

[IpuBOIATECS pPE3yJibTATH JOCHIIKEHb MO HACTPOMII KOMIPOK 3YCTPIYHO-IITUPHOBOI MPUCKOPIOKOYOT
CTPYKTYpH HOBOI TepenoOIMpKOBOI CEKIii JiHIHHOTO mpuckoproBada Oararo3apsmaux ioHiB (JIYM3I), B skiit
BUKOPHCTOBYEThCSL BapiaHT 3MiHHO-(a3oBoro QokycyBaHHs. [IpucKoproloda CTpyKTypa CKIIQIA€eThCs i3
TIOCITITOBHOCTI KOMIPOK 3 Jy’Ke HEpeTyJSIPHOIO JIOBXHUHOIO TpyOOoK apelidy. OnrcaHa METOAMKa HACTPOHKH TaKUX
KOMIPOK Ha po0o4y 4acToTy 1 mpouec (pOpMyBaHHS PO3IOJUTY MPUCKOPIOKOYOro nois. PoOOTH BHKOHYBalHCh
METOJIOM YHCEIBHOIO MOJICJIIOBAHHS, PE3YJIbTATH MEPEBIPSUINCH HA €KCIIEPUMEHTAIBHOMY CTEH/II.
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