INJECTOR OF HIGH-CURRENT MULTICHARGE HEAVY IONS BEAM
FOR THE TWAC PROJECT

V. Andreev, A. Kolomiets, S. Minaev, V. Pershin, T. Tretjakova, R. Vengrov, I. Vorobjov,
S. Yaramishev, ITEP, Moscow, Russia

Abstract The existing in ITEP two gaps resonator U-3 will be
in use as the injector on the first step of the installation

The work on conversion of ITEP proton synchrotrorfOmmissioning. The beam can be accelerated in this
to installation for heavy ion fusion experiments is nowesonator up to energy 1.6 MeV/u, however pulse spread
under realization. The constructed installation (TWACPf the particles at its output will be very large and cause
will accumulate high power heavy ion beams. In frame dhe particle losses in the transfer line between the injector
the project a new injector capable to accelerate tif&" Coand the UK ring to a great extent.
ions from the laser ion source up to energy 1.6 MeV/u is The linear accelerator with RFQ structure is only one
required. The 81 MHz RFQ has been designed to Satigfpowe to have the t_)eam with required parameters. Much
the specific requirements of the installation. The RFQ iork has been carried out at ITEP during several years
based on developed in ITEP "four-ladder" structure. Thi®r the development of the RFQ structures to accelerate
structure allows constructing of the compact RFQ wititense heavy ion beams. The structure for high intensity
low operation frequency. The RFQ based on this structufé=Q must allow to preserve the injected beam brightness,
has more reliable mode Separation in Comparison Witherefore the field distribution should be free from d|p0|e
conventional “four-vane” RFQ keeping high RFcomponents. Moreover, the structure must be easily
efficiency. The dynamics in RFQ has been optimized fdtnable, and a reliable stabilization of the operational
acceleation of intense heavy ion beam, consisting oftode should be provided. One of the new structures
mixture of ions with different charge states. TheProposed in ITEP was chosen for the TWAC injector.
dynamics simulation has been carried out using neWTiS structure is the version of the so-called "4-ladder
developed in ITEP code "DYNAMION". The results of RFQ", based on a 8@part-stem geometry [2].
simulation for the real charge spectrum of the ion beam
from laser source are presented. The beam dynamics and 2. BEAM DYNAMICS

i F i . I - . .
basic parameters of the RFQ structure are discussed The initial parameters of the injector design are listed

in Table 1.
Table 1: Beam parameters.

1. INTRODUCTION
The TWAC (TeraWatt Accumulator) project [1] at

Moscow's Institute of Theoretical and Experimental | Charge to mass ratio 1:3
Physics (ITEP) aims to produce intense heavy ion beams Input energy, MeV/u 0.02
(100kJ/100ns) for a number of research programg Output energy, MeV/u 1.6
connected with of heavy ion fusion physics (HIF). In the | Pulse repetition, Hz 1
frame of this project the existing in ITEP accelerating [ pulse duration, ms 0.1
installations - the UK 13 Tm booster ring, the U-10 34 ["Cyrrent of C& ions, mA 20
Tm synchrotron and transfer lines - will be adopted for [T current, mA 70
highly charg_ed ions of atorr;|+c mass 4(_)-60. It is supposed Acceptance, cmmrad 0.2
that laser ion sourcesCo™* is considered as main Transmission of G5' ions >85%

candidate ion. The beam will be produced by a laser
source, accelerated in the injector up to 1.6 MV/u, then The beam at the output of the laser source is a mixture
transferred into the UK booster ring. After acceleration u ‘i i diff i rﬁ) tates. Ch " ¢
to 0.7 GeV/u, a 250 ns bunch will be transferred in g lons with different charge states. Charge spectrum o

single turn to the U-10 synchrotron through a strippin e Co ions prese_ntly IS St!” a question and charge
foil and will be storaged in synchrotron ring without pectrum of the Al'ions experlmenta!ly me_alsured at laser
source output has been taken for simulations. It is clear

acceleation.
To achieve of the design TWAC parameters the beamat the parameters of RFQ depends very much of the

of the C3%* ions with current not less than 20 mA and*Sn9 ©r not ions separation at its input. The RFQ can be

: : ; ‘o signed with considerably lower current limit if only one
zumcsrtlll grglét:;cie‘:sag dsgs:]sigtigizzdgfoﬁgmre&'eof;g[ng}gt%zd of ions is accelerated. It is clear that in this case RFQ
ions will be very high and their losses have to b&ould work at hlghe_r operation frt_equency. .
prevented. Consequently the injector for the TWAGC However, preliminary calculations shown, that there is

project must operate by such a way that the beam qualgz p,?'nti o;h'fihenl?[e;m rszp?ir?;“o? tﬁt tge IerUta?fa::gteF:sF%
will not deteriorate between ion source and booster ring. € to signiticant degradation of Ine beam p .
the magnetic elements of the LEBT. This circumstance is
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due to heavy ions with energy corresponding RFQ inputas 70 mA. The calculated transmission for different ions
have relative high transverse velociti@g/8,= 0.05:0.1).  is shown on Figure 1. From this figure we notice that the
This fact causes remarkable coupling between degreeslagses of ions with design value of charge to mass ratio
freedom of the particles motion, which can not bé&Z/A=0.3) does not exceelb%. The transmission of ions
neglected. with lower charges rapidly decreases. It is because the
The alternative is the direct injection of the lasefons with charges lower than basic value drop out of the
source beam into RFQ without any magnetic elements igsonant acceleration and do not form a stable bunches.
LEBT. It allows to keep beam parameters, however thidractically no ions with these charges have nominal
mixture of ions with different charge states will beoutput energy. The motion of the ions with higher charges
accelerated in RFQ and effects of presence in the bedsrstable both in longitudinal and in transverse planes. The
ions with different charges should be investigated. transmission of such ions is only few percents lower than
It is clear also that the abandonment of the beafor the basic ions. The difference appears because the ions
separation at the RFQ input results in increasing of thwith higher charges have different frequencies of
mean beam current more than once in comparison with
acceleation ions of the basic charge. This circumstance

has an radical impact on the RFQ parameters choice and ¥ £~ g8 =575

it should be designed with significantly higher current $5% p--pEm---—gzqy-i il

limit. o7 3 N
To provide high efficiency beam transportation using seq £ EEA . _f

existing magnetic elements in between RFQ and the E £ i i :

booster ring the pulse spread of the beam at RFQ output fM E7 7 iy

should be as small as possible and this should be taking 18 [t

into account in RFQ design. L e OIS SIS SR S
Development and optimization of the injector design | g E---wceeomeimsfomenroedon s

were carried out by recently elaborated in ITEP a b i ]

simulation code "DYNAMION". The main objective to %96 05 -04 03 02 -01 0
develop this code was to increase a reliability of high Aplp
current low energy beam dynamics simulation in a "real"
fields. The above objective is achieved by particle motion  Figure 2: Pulse spreads of the beams with all
equations used in the most general type without any charge states.
simplifications and with taking into account real
interaction of moving particle with 3-dimensionaltransverse oscillations in comparison with basic one. It
electromagnetic fields. It is especially important for lowmeans that its motion is slightly mismatched.
energy beam when transversal velocity of particles is Pulse spreads of the ion beam with all charge states
comparable with longitudinal one. In heavy ion linacs thigre shown on Figure 2. It can be seen, that particle
ratio between them reach up to 10%. It is clear that énergies and pulse spreads for the different beam species
considerably influences on beam dynamics.

The another important feature of the code is the

possibility to simulate the motion of the mixture of ; ; ; ; ;
particles with different charge states. 250 TN B Dl m T
o i
(] H ' ' H H H
oA H
€ D40 i i i 5 5
E oon L . (L NR o Y
0.00 5 &
025 0.30 0.35 0.40 0.45 560 510 520 53¢ 540 55 560 5T

Charge-to-mass ratio Z, cm

Figure 3: Particles density distribution in RFQ.
Figure 1: Transmission of ions with different charge

states. coincide thus these ions can be efficiently transported to

accelerating ring.

The simulations of particle motion in RFQ carried out The simulations shown that availability of the
for symmetric charge spectrum of Al ions with fiveunaccelerated particles result in the reduction of peak to
charges (8+, 9+, 10+, 11+, 12+) and correspondin@verage currents ratio, that reduces Coulomb effect. The

weights 0.4, 0.7, 1.0, 0.7, 0.4. Total current of the beam
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particle density distribution for the five last RFQ cells is
shown on Figure 3.

It can be seen from this figure, that the effective peal
current for mixture of ions is approximately 30% lower
than for beam with single charge state.

In Table 2 the calculated parameters of RFQ are
presented.

Table 2: The injector design parameters

Radio frequency, MHz 81.4

Voltage, kV 180

Peak E-field on the electrode 2.0

surface, Kilpatric units

Average aperturegrcm 1

Beam energy, MeV/u 0.02+1.6

Relative velocity 0.00653+0.0582y

Number of cells 159 Figure 4: Finite elements model of 1/2 period of the

Full length, cm 593 structure in "OPERA-3D" code.

Modulation factor m 1.0+2.5 orientation. All parts of the structure are manufactured

Synchronous Phasg ¢ -90°+-25° from copperplate aluminum alloy. Only exceptions are

Aperture a, cm 1.0-0.5714 electrodes and shell that were made from oxygen free

Transit-time factor 0.00+0.549 copper.

Acceptance, mmmrad 27.79-5.11+5.40 The resonant structure for TWAC injector has been

Phase advance, rad 1.13-1.00-1.}s designed using "OPERA-3D" code. A part of the structure

Tune depression at 70 mA 10% used for simulation is shown on Figure 4. The main

design parameters are presented in Table 3.
3. RESONANT STRUCTURE Table 3: RFQ structure parameters

Well-known 4-vane structure is often used for high Resonant frequency, MHz 81.4
current RFQ. In general, it has good mechanical rigidity,Outer diameter of the structure, m 0.49
it is simple in manufacture and has relatively high shunt-Length of the structure, m 6
impedance. Nevertheless 4-vane RFQ has one principaVindow size (width x height), m 0.645x0.151
lack - weak magnetic coupling between neighboringDipole modes, MHz 98
quadrants. As a result the unwanted dipole modes usuallp-value 13920
located near operating quadruple mode, which causes [PRF |osses (at 180 kV voltage betwelen 387
tuning problems. electrodes), kW

The resonant structure recently developed in ITEP
allows to avoid above mentioned problem. This structure Gijven in the Table 3 outer diameter and length of the
is the version of the so-called "4-ladder RFQ", based onf=Q are determined by existing vacuum tank. The
9CP-apart-stem geometry. The main advantage of thgearest mode is very far from operation frequency.
structure is that it provides better frequency separation
between operating quadruple mode and dipole modes.
The stabilization of field distribution is achieved by REFERENCES
gaining of the magnetic coupling between neighboringl. VA Andreev, G. Parisi, "JBapart-stem RFQ
guadrants. The numerical simulations and measureme@sucture for Wide Range of Frequencies". PAC'93,
on cold model showed that the nonuniformity of the field§Vashington, D.C., May 1993, p. 3124.
both along axis and in azimutal direction does not excee@. B.Yu. Sharkov, "TeraWatt Heavy lon Beams",
1% with very moderate requirements to accuracy dEERN Courier, Vol. 38, may 1998, p.16.
manufacture and assembling.

Very important feature of the structure is that there is
some freedom in choice of its outer diameter. It allowed
us to use existing vacuum tanks.

The mechanical design of the structure is quite simple:
rings with two stems jointed with the longitudinal bars
present spatial balk construction. Copper electrodes are
placed on rigid basements, connected with stems (vertical
or horizontal) in series. Each spatial period of the
structure is formed by stems of the two rings with same
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