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Abstract

When designing an Alvarez linate perennial problem arises as to what is the
optimum phase advance and focusstgicture. This report discusses this question
and makes recommendations based awplsicriteria. The general conclusions are
valid over awide range of parameteisyt thedetailed simulations given ite report
can be used to calculate the optima nuaeefully for a particulafbeamcurrent and
energy range.This study is complementary tbe AUSTRONFeasibility Study for a
fast-cycling, synchrotron-driven neutron spallation source.
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1. Introduction

This note discusses the transverse focusing in an Alvarez drift-tube linac and considers:

« the choice between the FODO and FOFODODO focusing strucands
» the optimisation of the transverse phase advance per cell.

The underlying aimsare tominimisethe drift-tube aperture inrder to have a good
transit-time factor and tminimisethe powerconsumption of the quadrupoleshich

are assumed to be pulsed in this study. It is tacitly assum&idthefrequency is
200 Mhz,which is ade factostandard in high-energy, particle-physics accelerators.
However, theconclusions presentedre largely independent othe longitudinal
parameters, except feechnical limitationghat wouldbecome apparent &ery high
frequenciesiue to thesmall dimensions afhe structure. Theffects of space charge
have been included by the use of the program TRACE 3-D [1].

2. Considerations

The transverse focusing tie beam in a linac is maintained loppadrupoles housed
inside the drift tubes. Thecusingstructureand strength of these quadrupoles should
be optimised fominimum beam sizandminimum power consumptiorwhile taking

into account the RElefocusing and space charge effects. Added to these general
points there is d@echnical limitation orthe quadrupole gradient that turogt to be
about 80 Trit for the dimensions that are typical in this type of linac.

2.1 Beam size

The beamradius, r, is related to the transverse emittaneg, and the betatron
amplitude 3;, by

&

r= B ®

[: depends on:

 the transverse focusing structure, which can either be a FD or a FFDD,

» the transverse phase advance in a single cell dbdusingstructure p, (i.e. two
RF cells of lengti. for the FD and four RF cells for the FFDD lattices),

» the space charge conditions.

“ The quadrupoles afeoused in consecutivérift tubes ofthe linac. Forbrevity, the FODO and
FOFODODO structures will be referred to as FD and FFDD.



An indication of what this implies is given Iblye well-known thin-lens analysis of a FD
cell for the non-space-charge cd2 This analysisexpresses thenaximum of the
betatron amplitude function as

1+sin(u, /2)

Pe= 2k )

(2)

This function has aninimum atp, = 76.4, at whichpoint Bimin= 3.23.. The form of

the minimum israther broad. The transverse phadeanceper focusing period for
zero space charge is adjusted by the focal strength of the quadgjpaleording to

sin%ﬁ: %gL. 3)

The inclusion ofspace charge results in a tune depressuiich increaseshe beam
radius. This can be compensated by increasiiegquadrupole strengths, but the
general behaviour of the betatron amplitude function remains very similar.

The inclusion ofthe RFdefocusing also results in a tune depressiat requires
higher quadrupole gradientsr its compensation. Thi&afluence of RF defocusing,
however, is strongest at the low-energy end oflitec where the drift tubes are
shortest. This may mearthat theoptimum phase advance cannot be achieved at the
low-energy end owing to the technical limitation of 80 ‘Tmentioned above.

The FD and FFDD lattices hasemilar behaviours, but th&FDD lattice leads to
larger beam sizes in general, but requires less focusing power.

2.2 Quadrupole power

The dissipation in pulsed quadrupoleslige mainly to the cyclic creation of thdield.

Thus, the powedissipation,P, is proportional to the square of tfeld, G°r?, and to
the volume, which isproportional to thdeam radiusquaredr? (assuming @onstant
magnet length). With use of (1),

POGB,2. (4)

3. Simulations

Simulationswere carriedout with the program TRACE3-D. Thesecalculations
includespace charge and RF defocusing effeétsur beam energie€.75, 2, 50 and

130 MeV),five beamcurrent setting¢0, 50, 100, 150and 200mA) andthe FD and

FFDD structures were investigated. As an approximation the F and D quadrupole
settings per focusing period were kept constant. This causes a slight asymmetry due to
theincreasing beam energyQuadrupoles were assumed to be mountexvany drift

tube. Therefore, an Fidcusing periodncludestwo RFcellsand an FFDD focusing
period includes 4 RF cells.



3.1 FD focusing structure

Figure 1 shows how th@ormalised maximum betatron function (and therefore
corresponding to (1) thbeam size) varies with phase advancehm FD focusing

structure. In eacfigure there are four graphs for the four enefgyels and each
graph has five lines corresponding to increasing beam current.
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Figure 1 The normalised maximum betatron function vs. the transverse phase advance
for four beam energies (a)..(d) for FD focusing; each graph contains five lines
corresponding to increasing beam current, starting from 0 mA (bottom line) to 200 mA
(top line) in 50 mA steps

Figure 2 shows the quadrupgdewerdissipation in arbitrary units fdhe same cases
as in Figure 1.
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Figure 2 Quadrupole power dissipation (in arbitrary units) vs. the transverse phase

advance for FD focusing for four beam energies (a)..(d) and five current settings

starting from 0 mA (bottom line) to 200 mA (top line) in 50 MA steps

3.2 Comparison between FD and FFDD focusing structures

Figure 3 shows how thenaximum betatronfunction varies with transverse phase
advance for the FD and FFDidcusing structures for 130 MeV and rAA. The

minimaare ratheflat andappear atu, = 8% in both cases. The ratio of the betatron
functions atthe minima isabout 1.65. Therefore thminimum beam sizdor the FD
structure is about 78% of the FFDD structure.

Figure 3 The normalised betatron amplitude vs. the transverse phase advance for FD
and FFDD focusing structures
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A comparison of the required quadrupole gradigatds shown in Figure 4 for FD
and FFDD focusing for 130 MeV and 0 mA. The FD focusing requires quadrupole
gradientswvhich areapproximatelyjthreetimes higher compared tbhe FFDDfocusing

for equivalent transverse phase advance.
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Figure 4 The quadrupole gradient vs. the transverse phase advance for FD and FFDD
focusing structures

Figure 5 compares the quadrupgewer for 130 MeVand 0 mA for the FD and
FFDD focusingstructures. There arainima atp, = 30" in the FD andy, = 40 in

the FFDD focusing case. The correspondingnimum power requirements in the
FFDD case are about 50% of the FD case.
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Figure 5 Quadrupole power (in arbitrary units) vs. the transverse phase advance for
FD and FFDD focusing structures

4. Conclusions

» The general features dhe simulationsshow thatminimum beam size is obtained
with a phase advance in a focusing celaodund 88, In general, the FD curves
yield minimum beam sizes of about 78% of the FFDD beam size.



 The quadrupole power consumption shows a minimum in all cases ardyptth36
advance in a FD focusingtructureand 46 in a FFDDstructure. Theminimum
power requirements in the FFDD case are about 50% of the FD case.

The optimum phase advances fm#am size angbower consumption appeavery
different, but since the minima are flat a phase advance of about 40n a FD
structure puts the beam size and power consumption within 10% of timéximum
values Figure 6 illustrates this fahe FD cell at 130 MeV with @eamcurrent of
50 mA. Similary, a good compromise occurs at®§0r the FFDD structure
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Figure 6 Compromise for the phase advance in a FD cell (130 MeV and 50 mA)

This work was undertaken for the AUSTROMasibility study [3]. The geometrical
parameters and tHeeamparameters that were used in thenerical simulations/ere
taken from this study.
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