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Abstract 2 RFQ DESIGN

A 2.7 MHz heavy ion RFQ is how under The described RFQ is the version of *90apart
construction at ITEP. It based on new rlng-connecte&em.. structure proposed in ITEP for initial part of

resonar)t structure. Th's sEructure s low ’frequency Versiifense heavy ion linac. The detailed description of the
of previously described “four — ladder” structure. The

RFQ has been designed for acceleration of heavy ioﬁgucture and data of both computer simulations and
with charge to mass ratio of 1/60 4@) to energy 100 sults of RF measurements at the cold models are given

in the earlier published works [1,2].
e e e e L The bisic advanages of descrbed siuctre i
P ’ mparison with known are:

tank. The RF measurements confirm the expecte . L

parameters calculated by MAFIA and SOPRANO codes — rgther small transversal dimension;

resonant frequency, very reliable mode separation and h|gh RF parameters; i , .

perfect electrical field distribution. . rt_al@ble_mode separation that provides proper field
The carried out numerical simulations and distribution; _ _

experimental results show that given RFQ type i8 simplicity Qf mechanical design and low cost of

considerably promising candidate for use as initial part of Manufacturing;

h|gh current heavy ion linac for HIF. 4 low SensitiVity to mechanical tolerances.
The mechanical construction of the RFQ is
1 INTRODUCTION presented in Figure 1, where the RFQ is shown at

The RFQ for acceleration of intense pulse beam sembling place before its installation into vacuum tank.
ions with charge to mass ratio 1/60 up to energy 10 he resonant structure consists of octangular shape

keV/u is under construction in ITEP during last years. Thd'N9S p(;odtl;cedl to_ge(tjherl Wt')th steFr{'r_]s. F;lngs art(ej
main goal of this work is a maintenance of experiment onnecte 3]{ ﬁngltul Ina d ars. INgs, f ars c?n f
base for reaserches of interaction of the heavy ion be sements of the electrodes are manufactured o
with dense plasma. At the time the accelerator W(,g)pperplated aluminum alloy. OFH(? copper 1S used _for
considered as a prototype of an initial part of the linaftPs of the e_Iectrodes. The stem pairs at adlace”? rings
driver for heavy ion fusion. This work allow to testare perpendicular to each other and to the beam direction.

experimentally the results of investigations an he stter;s bm hol_rlzdontall alnd ¢ vgrtlcbal planets _I"’_‘Le
developments for heavy ion high-power accelerator mad@nnecte y cylindrical - electrode basements. he
ssembled structure represents a rigid 3-D construction

during last years in ITEP. The main requirement§ i
g y ;. owed to reach required accuracy of electrode

produced to driver are effective acceleration of an inten§e™~""~* : .
beam with minimum particles losses and emittancROsitioning. The thickness of the copper layer is not less

growth.  The design of the RFQ is completely based o
new ITEP approach to the construction of initial part of
high intensity heavy ion linac. A version of "90apart
stem structure"” named "ring - connected structure" he
been chosen for the RFQ. The structure is the best choi
to reach perfect field distributions in low frequency RFQ.
Beam dynamics has been designed to minimize emittan:
growth for intense pulsed beam current.

The important factor influenced the design of the
RFQ was very limited financial resources. It means, the
from economy purposes some deterioration o
radiotechnical, mechanical and operational paramete &
were allowed. At present the accelerator has bee
assembled and RF tuning is being carried out.

Figure 1: RFQ view at assembling place

“The work is supported by GSI, Germany
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than 60 microns. The accuracy of machining of the 12

b i D i B El i S R i it i B |
structure parts was not worse than 20 microns. g e
The basic parameters of the RFQ construction ai E 14 I T T
given in Table 1. I e e e i e
= .
Table 1: Basic RFQ geometry. E 04 --—1:——E——:r——i——i——%——i——:r—ﬂ:——i——:f——i
- 1 1 1 1 1 1 1 1 1 1 1 1
Maximum outer ring size, mm 880 0a
Maximum inner ring size, mm 780
RlngthICknessymm 50 1.5':'"_'|__I__l'_'I__I__I'_'|__I__l'_'l__l__l
Distance between adjacent rings, mm 580 120 _;:",'r:k T,
Ring number 22 2090 P oL 4 __L_a_l. Ll
Cross-section of bars, mm x mm 50x25 E. QRO L odo o L_d_ai_b_a_ 20 Lol
Height of stems, mm 280 ' e
Height of electrode tips, mm 26 o S A S i s B
Thickness of electrodes, mm 10 ':_"':":'
RFQ length, m 12 5 3
=] aTTr-TTTI T T rrTAaAaT TS TTTIT T T TAaT T
As mentioned above the mechanical design of th ot ——— 1 1 130
RFQ was largely defined by the limited financial g <7 a0
opportunities. In particular the cooling required for high R B e S e S B
average currents operation has been not provided. Not : u e
. . m 0
of the structure elements connections design have be &
" 01 2 3 4 5 B 7 8 9 1011 12

optimized for highest Q - factor. The expected Q factor i
approximately 2 times lower then calculated one.
However, it is enough to provide RFQ operation with
acceptable RF losses. The improvement of RF contacts
does not represent a basic problem, but would result in
increasing the total cost of the RFQ.

Long. coordinate (m)

Figure 2: Calculated beam transmission (curve
1), relative transverse emittance growth (2) and
Coulomb parameters (3) relatively to its initial
value along RFQ

3 BEAM DYNAMICS

Beam dynamics in the RFQ has been calculated
using developed in ITEP procedure for high current linac )
design. The main goal of the procedure is to achieve Phase advance doesn't change more thari0rb of
maximum value of accelerated beam current with at least 'S chosen value; o
95% transmission and minimum emittance growth. * maximum streng.th of electric field on e_Iectrodes

The modulation parameter along part of initial surface doesn't differ more than on 1% of its chosen
bunch formation in early RFQ designs was chosen to keep Value.
geometrical length of separatrix approximately constant. . L .

If particle distribution in separatrix is uniform this method These requirements has to minimize emittance
allow to keep constant space charge forces along RFQIfewth due to space charge effects and mismatching of
should minimize beam emittance growth [3]. Howeverth€ beam in channel with changing phase advance.

using of monochromatic beam for injection to RFQ leads ~ 1he RFQ generating procedure controls space
to considerable variations of space charge density aloffarge effects using Coulomb parametemntroduced in
formation part. The result is noticeable emittance growtt?!:

for high intense beam at this part. It is also troublesome to h= A |7

propose in advance optimal synchronous phase and - u ,BVZ| V. '

modulation along RFQ. 0 o°p _

The described RFQ has been designed using soffgere | - peak current of the beanv,, - normalized
modification of the above mentioned approach. Celransversal emittance} - wave length,B - relative
geometry is calculated taking into account real particleelocity of particles,y - relativistic factor,y, - phase
distribution in phase space, obtaining from beamdvance,l, - characteristic current, equal 31 A/Z,
dynamics simulations in preceding cells. The simulatioA/Z - mass to charge ratio. Peak current and emittance are
takes into account as space charge forces as real exten@¢ulated by simulations in preceding cells.
field distribution. As a rule, the monochromatic beam is injected to

In the procedure the geometry of cell is chosen tBFQ. It means that at bunching of the beam in initial part
fulfill  some requirements and limitations for RFQOf structure peak current can change in width enough

longitudinal stability has to be obtained not less than
for 95% of particles;

parameters: range with formal maintenance of separatrix length. In
« space charge forces do not exceed some prescriBi caseh in bunch formation part is always higher than
value;
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frequency. The field distributions for other pairs of the

’: electrodes have the same character. The average fields for
—_— different pairs electrodes differ within the limits of 3 %,
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that can be explained by the fact that the a preliminary
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b alignment had more pure accuracy then it is foreseen for
S IO N LA L final one. Since this first measurements were made on a
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part of the structure, for whole structure it is possible to
i expect the aspiring of the frequency to design value 27.14
| MHz and increasing of Q-factoHowever even the given
results of measurements completely confirm advantages
of this variant RFQ for low working frequencies.

E 2(arb. unit)

ettt

*UTWM

i i matat

4 5 6 7 8 Table 2: Calculated and measured RF parameters

[N
N
w

Ring number
Calculated| Measured

Figure 3: Measured field distribution along 8 ring | Frequency of quadrupole 2714 2766
assembly mode, MHz ' )

Q-factor 13000 5650
in injected beam. The procedure of RFQ generatingFrequency of dipole mode,

should to keef lower than some prescribed upper limit. | MHz 37.2 36
Some results of RFQ design using describedShunt-impedance, MOhmm 11 048

procedure are presented on Fig. 2. The simulations were

carried out using written in ITEP code DYNAMION for 5 CONCLUSION

beam current 12 mA and initial emittance 0.3 mm*mrad. The 27 MHz heavy ion RFQ has been designed in

Curve'3 shows Coulomb parameter along RFQ. At prgrep using new resonant structure and original procedure
bunching part (0 -1 m) Coulomb parameter smoothle RFQ generating. The computer simulations as well as

Incréases to its prescribed valyg,. At formation part (1 RF measurements show that new resonant structure allow:
- 3 mhis kept undehmax .At gen_tle buncheln decre_ases » . to improve the linearity of focusing field due to
because phase advance is dominated factor at this part. At significant shift of the dipole mode of oscillations;

main accelerating part the geometrical length of separatrix . ) T .
) ; ; : .~ ¢"to have uniform field distribution along axis;
is constant anch is practically equal to its value in S .
e to minimize the emittance growth due to

injected beam. . : L L
Curve 2 on Figure 2 shows relative growth of improvement of field distribution and minimization
of space charge effects;

normalized rms emittance along RFQ. It can be seen from q iallv th | f the RFO d
picture that rms emittance increases=@5%% and main tto ecrease es?entlja yt Ftota f[:OStt.o the RFQ due
growth happens in the part of RFQ corresponding to the 0 using compact and simp'e construction. -

Final adjustment of structure nowadays is close to

maximum value of Coulomb parameter. It has to be . \ .
noticed that high enougth valuelgf,, = 0.34 was chosen completion. The first beam experiments are scheduled for

only due to necessity of accelerating of particles up to 1dqe end of the 1998. In case of experi_meptal confirr_nation
y y go1p P of calculated parameters of the RFQ it will be possible to

keV/u on the length limited by existing vacuum tank. : . X
Curve 1 shows that some particle losses are appeareaa.sj}?ert' that RFQ Of. the given type is a good option for an
lal part of HIF driver.

beam current 12 mA in spite of the fact that ratig™
acceptance to emittance is approximately factor 2.5. The

explanation is that at giveh,., the process of halo 6 REFER_E_NS:ES
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