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The new prestripping section of the heavy ions linear accelerator with mass-to-charge ratio A/q < 20, allowing to
accelerate ions from 6 keV/u to energy of 1 MeV/u is developed. The section represents a combination of diverse
accelerating structures in one cavity: with radio frequency quadrupole focusing (RFQ) and structure with drift tubes
(DTL). In contrast to conventional acceleration systems, the use of the more compact hybrid cavity simplifies sys-
tem operation due to their coupled complex acceleration electrode and integrated peripheral devices, such as their
power and vacuum systems. However thus distribution RF-field in such structure and its frequency characteristics
essentially changes. It is shown that using tuning devices: tuners, end resonant, inductive and capacitive elements in
such structure it is possible to provide require frequency and uniform distribution of electric field in an accelerating

path of the hybrid cavity.
PACS:29.17.+w, 29.27.Bd

INTRODUCTION

The multicharging ions linac MILAC is used for ac-
celeration ions with A/q < 15. Structurally into its com-
position enter: a high-voltage injector (output energy
30 keV/u), prestripping section PSS-15 with grid focus-
ing (output energy 0.975 MeV/u) and the main section
MS-5 with focusing by magnetic quadrupole lenses
(output energy 8.5 MeV/u). Heavy ions after PSS-15
transit through a thin carbon film where their charge is
incremented to A/q < 5 and accelerated in the main sec-
tion to energy 8.5 MeV/u.

Presence of section with grid focusing essentially re-
stricts quantity of an accelerated current and reduces
reliability of the accelerator. Besides, operation of a
high-voltage injector presents certain difficulties.

Now in NSC KIPT the new prestripping section
PSS-20 (A/q = 20) is developed, which allows to dilate
considerably a gamut of masses accelerated ions, to
increment quantity of an accelerated current and consid-
erably to lower energy of injection. It is reached thanks
to two types of accelerating structures: to structure with
radio frequency quadrupole focusing (RFQ) [1, 2, 3],
and structure with drift tubes (DTL).

The continuous beam leaving an injector, in struc-
ture with RFQ is grouped in compacted bunch practical-
ly loss-free. A deficiency of the given structure is low
rate of acceleration. Therefore, since energies
2...3 MeV, already the bunched beam is accelerated
further in structure with drift tubes (DTL). In Fig. 1,3,
the classical scheme construction of an initial part of the
accelerator is presented. Structure with RFQ and struc-
ture with drift tubes are located in separate resonators
between which the matching line is located.

More compacted, a hybrid scheme of an initial part
accelerator is offered. The prestripping section PSS-20
represents a combination of two diverse IH structures
(Interdigital H-type structure): RFQ and structure with
drift tubes DTL in one resonator (Fig. 1,b).

Unlike a traditional variant, placement of two struc-
tures in one resonator does by more compacted prestrip-
ping part of the accelerator and considerably simplifies
a control system peripheral to devices, such as vacuum
system and system RF-power.
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Fig. 1. The scheme of initial site of the accelerator:
a — the classical; b —the hybrid

That hybrid structures are offered for protons [4]
(A/g = 1) and for carbon ions C** [5] (Alq = 2). The
length of these structures is comparatively small. How-
ever, in such structures process of adjustment of the
resonator on operational frequency and amplitudes RF-
field along an accelerating path essentially complicated.

In this research possibility is presented and the pro-
cedure of adjustment of performances RF-field is of-
fered in extended hybrid structure (~ 9 m) for accelera-
tion of heavy ions (A/g<20) and output energy
1 MeV/u.

1. THE BASIC ADJUSTING DEVICES

The adjustment procedure consists in the following.
Amplitude RF-field and operating frequency is attuned
separately in the resonator with RFQ and in the resona-
tor with drift tubes. Then these two resonators unite in
one section. Changed values of characteristics RF-field
along an accelerating path and value of operating fre-
quency of the combined structure are arranged by ad-
justing devices. Basic elements of adjustment of para-
metres prestripping section are presented in Fig. 2.
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Fig. 2. The scheme hybrid prestripping section of a
heavy ions linac (the cavity not shown) and adjusting
devices: 1 — the end resonant tuning element; 2 — the
inductive and capacitive tuning element; 3 — the tuner

Each adjusting device carries out certain function.

1. The end resonant tuning element [6]. It is intended
for global adjustment of an electric field in the reso-
nator.

2. Inductive and capacitive tuning element. It is intend-
ed for local adjustment of an electric field, for ex-
ample, in an accelerating gap [7, 8].

3. The tuner allows to regulate levels RF-field between
various accelerating structures in one resonator and
to arrange operating frequency.

2. THE DYNAMIC MATCHING
OF THE EMITTANCE OF THE BEAM
IN HYBRID STRUCTURE

Let’s stop on a following important question: the dy-
namic matching of a traversal emittance of a beam on
output from structure with RFQ and structure with drift
tubes. The problem consists in the following. In Fig. 3
beam emittances on various paths of the combined struc-
ture are given. On input of structure with RFQ the ax-
isymmetric convergent beam arrives (see Fig. 3,a), on
output from RFQ a beam has quadrupole symmetry (see
Fig. 3,b) and on input of structure with drift tubes the beam
should be again axisymmetric (see Fig. 3,c) [9, 10, 11, 12].
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Fig. 3. Traversal emittances of beam on various paths
of acceleration in hybrid structure:

input in structure with RFQ (a); output from RFQ (b);
input in structure with drift tubes (c)
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Acceptance the channel of structure with RFQ is not
stationary and rotates with frequency RF-field. For the
matching of an emittance of the axisymmetric beam
leaving from injector with the acceptance structure with
RFQ the bell is used. In the bell the quadrupole compo-
nent of an electric field in accelerating path gradually
accrues from zero to value in the regular part RFQ.

In Fig. 4 evolution of the normalised beam envelope
on matching path for various values of input phases is
presented. Beam envelope are gained as a result of the
solution equation for a traversal motion of a beam in
structure with RFQ [13] without forces of a volume
charge for not modulated structure. Apparently from
Fig. 4 application of an accruing quadrupole field al-
lows to transform an input of the axisymmetric beam to
a beam with quadrupole symmetry practically without
growth of emittance for all gamut of input phases (27).
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Fig. 4. Evolution of beam envelope on path
of the traversal matching for various values of input
phases: 1—-7m 2—-n/2;3-0;4—-n/2

For formation of the axisymmetric beam to a beam
with quadrupole symmetry on output from structure
with RFQ it is possible to arrive on the contrary, having
made a quadrupole field waning, from the peak value to
the zero. And as a result of acceleration in structure with
RFQ phase extent of the bunch considerably decreases
(with 360° to ~ 30°). The fact of phase compression of
the bunch allows considerably to reduce a path of trans-
formation of the emittance the beam. For this purpose
between two interdigital H-type structures dispose a
stem at angle 90° (Fig. 5). We will score that thus
changes longitudinal component of accelerating field,
therefore it is necessary to change length matching path
for the longitudinal matching beam with a glance the
changed field.

Fig. 5. The scheme of matching RF-fields of structure
with RFQ and structure with drift tubes in one resonator
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3. THE METHOD ADJUSTMENT RF-FIELD
IN HYBRID STRUCTURE OF IONS LINACS

Let’s part adjustment RF-field in hybrid structures
on some stages.

At the first stage carry out adjustment of structure
with RFQ and structure with drift tubes in separate res-
onators.

The section with RFQ (Fig. 6,a) is calculated on ac-
celeration the ions beam with intensity 10 mA, the
mass-to-charge ratio A/q<20, energy from 6 to
150 keV/u. Operating frequency is 47.2 MHz. The
length of the resonator is 451 cm, diameter — 50 cm.
Medial radius of the accelerating channel 0.75cm.
Modelling of electrodynamic parametres was spent on
the 1:3 scaled model. Electrodes were used not modu-
lated. Electrical field it was measured between two ad-
jacent electrodes. Apparently from Fig. 6,b allocation
electric field between the adjacent quadrupole elec-
trodes along an accelerating path is uniform.
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Fig. 6. Section with RFQ (a) and distribution of ampli-
tude RF electric field between adjacent electrodes (b)
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Fig. 7. Section with drift tubes (a) and distribution
of amplitude RF electric field on structure axis (b)
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The section with drift tubes (Fig. 7,a) is intended for
the further acceleration of ions beam with higher rate of
acceleration. Rate of acceleration in structure with RFQ
is 0.75MeV/m, in structure with drift tubes -
2.9 MeV/m. The gamut of energies from 150 keV/u to
1 MeV/u. The resonator length is 423 cm, diameter —
110 cm, number of accelerating cells — 42. Apparently
from Fig. 7,b allocation of an electric field to axes of the
accelerating path rather uniform.

At a following stage two structures unite in one res-
onator. Also are attuned by means of end resonant tun-
ing element (ERTE). As an example activity ERTE is
shown in Fig. 8, 9. In Fig. 8,a,b is shown allocation
electric field to axes in the coupled accelerating struc-
ture when in ERTE there is no the mobile crosspiece. In
Fig. 9,a,b is shown allocation electric field adjusted by
means of its element of adjustment — the mobile cross-

piece.
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Fig. 8. The path of hybrid structure with ERTE without
the mobile crosspiece (a) and distribution of amplitude
RF-field (b)
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Fig. 9. The path of hybrid structure with ERTE

with the mobile crosspiece (a) and distribution
of amplitude adjusted RF-field (b)
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Definitive adjustment — alignment of amplitudes RF-
field in the coupled structure — is carried out with the
help tuners. In Fig. 10,a,b it is visible that introduction
the tuner in structure with RFQ allows to change effec-
tively the relation of amplitudes RF-field in different
resonators, thus the configuration of the field in resona-
tors does not change.
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Fig. 10. Distribution of amplitude RF electric field
in hybrid structure for two standings tuners: length
tuners 50 mm (a); length tuners in structure with RFQ —
60 mm, in structure with drift tubes — 50 mm (b)

CONCLUSIONS

It is shown that using tuning devices: tuners, end
resonant, inductive and capacitive elements in the ex-
tended hybrid resonator, consisting of diverse structures,
it is possible to provide demanded operating frequency
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and the given distribution of an electric field along ac-
celerating path.
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PEI'YJIMUPOBKA YPOBHS BU-TIOJIEM B THBPUIHBIX CTPYKTYPAX JJMHEMHBIX
YCKOPUTEJIEA TSIKEJIBIX MOHOB

B.A. Bomko, A.®D. /{vauenxo, b.B. 3ainues, A.D. Kooeu, C.C. Tuwmxun

Pazpaborana HOBas mpegoOAMpOYHAs CEKIMS YCKOPUTENS TSHKEIBIX HOHOB C OTHOIIEHHEM MacCOBOTO YMCIa K
3apsmoBoMy A/q < 20, IO3BOJISIONIAs YCKOPATH MOHBI OT 6 K3B/HyK1. 10 sHepruu 1 MaB/mykn. Cekuus npencras-
nseT co0oll KOMOMHAIMIO Pa3HOPOAHBIX YCKOPSIOUIMX CTPYKTYP B OJHOM PE30HATOpE: C IPOCTPAHCTBEHHO-
OHOPOJHOM KBaJpyNnoibHOU (POKYCHPOBKOH M CTPYKTYpoO#l ¢ TpyOkamu apeiida. B oTinmure oT 0OBIYHBIX CHCTEM
YCKOPEHHUS, UCIIONb30BaHKUE OoJiee KOMIAKTHOIO TMOPUIHOIO Pe30HATOpa YIPOLIAeT CUCTEMY yIpaBieHus Oiaro-
Japsi MX CBS3aHHOMY KOMILJIEKCY YCKOPSIOIIMX SJIEKTPOOB U MHTETPUPOBAHHBIX NMEepH(EepUIHBIX yCTPONUCTB, TAKHX
KaK CUCTEMBI ITUTaHMs U BakyymHasi. OTHAKO MPU 3TOM CYIIECTBEHHO MeHsieTcs pactpenenenue BU-momnst B Takoi
CTPYKTYpe M €€ 4acTOTHBIE XapaKkTepucTHKU. I1oka3aHo, 4TO, UCTIONB3Ysl HACTPOEUHbIE YCTPOICTBA: TIOHEPHI, KOH-
LIEBbIE PE30HAHCHBIE, HHAYKTUBHO-EMKOCTHBIE 3JIEMEHTHI, B TAKOW CTPYKTYpe MOXKHO OOECIeunTh Tpedyemyro da-
CTOTY M PaBHOMEPHOE pacIpeiefieHue 3JIEKTPHUECKOro MO B YCKOPSIOIIEM TpaKTe TMOPHIHOTO Pe30HaTopa.

PET'YJIIOBAHHS PIBHSI BU-TIOJIIB Y INBPUJIHUX CTPYKTYPAX JITHIHHUAX
ITPUCKOPIOBAYIB BA’KKUX IOHIB

B.O. bomko, O.D. /[bauenxo, b.B. 3aiiyes, A.Il. Kooeuw, C.C. Tiwukin

Po3po0iieHO HOBY mepeno0ipKOBY CEKIIiF0 MPUCKOPIOBaYa BaKKKMX 10HIB 3 BiJHOIICHHSAM MacOBOTO YHCIA JIO
sapsmoBoro A/ < 20, 1m0 J03BOJISE MPUCKOPIOBATH 10HM Bij 6 keB/Hyki. mo eneprii 1 MeB/uykin. Cekiis sBisie
c000r0 KOMOIHAIII0 PI3HOPITHUX MPUCKOPIOIOYMX CTPYKTYP B OTHOMY PE30HATOPI: 3 MPOCTOPOBO-OHOPIIHIM KBa-
JPYNONBHUM (POKYCYBaHHSM i CTPYKTYPOIO 3 TpyOkamu npeiidy. Ha BinmMmiHy Bij 3BU4alfiHUX CHCTEM NPUCKOPEHHS,
BUKOPUCTAaHHS OUIBII KOMIIAKTHOTO TiOPWIHOrO pEe30HATOpa CIPOIIYE CHCTEMY VIIPaBIiHHS 3aBASKH 1X
TIOB’SI3aHOMY KOMIUIEKCY PUCKOPIOBAIBHUX €JIEKTPOJIIB Ta IHTErPOBAHUX MepU(epiHUX MPUCTPOIB, TAKUX SK CHUC-
TEMU JKUBJIEHHS ¥ BakyyMHa. OIHAK IPH IIbOMY ICTOTHO 3MiHIOEThCs po3nonin BU-mons B Takiil cTpyktypi Ta ii
YacTOTHI xapakTepucTuku. [lokazaHo, 1110, BAKOPHCTOBYIOUH HACTPOIOBAIBHI MPUCTPOI: TIOHEPH, KIiHIIEBI pe30HaH-
CHI, IHIYKTHBHO-EMHICHI €JIEMEHTH, B TaKiii CTpyKTypl MOKHa 3a0€3IIe4YNTH MOTPIOHY YacTOTy Ta PIBHOMIPHHUH po-
3MOJIT ENIEKTPUYHOTO TIOJISl B IIPUCKOPIOIOYOMY TPaKTi TiOPHAHOIO pe3oHaTopa.
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