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SUMMARY FOR THE WORKING G1tOUP ON LINAC CODES*

Thomas P, Wangler
Los Alamos National Laborahry

and

John Staples
Lawrence Berkeley Laboratory

The linac cwies group discussed two main txpics: (1) the PARMTEQ
codes and their environment and (2) limitations of the linac simulation
code3,

The PARMTEQ Codes and Their Environment

The RFQ design program PARMTEQ’ is used at many laboratories,
both for the detailed cell generation and for multip~rticle simulation to
test the design. However, RFQ beam-dynamics design procedure requires
the determination of a large number of pnra.meters to produce the required
focusing, adiabatic bunching, and acceleration of the beam. Frequently,
both high beam intensity and low emittance are desired at minimum
values for peak surface field, vane length, and rf power. RFQ designers
have found that preprocessor design codes are almost a necessity for these
cases, Although the best design wchnique is not yet known, codes such as
CURLI and RFQUIK, written originally by T, Wangler at L-es Alamos,
allow the designer h determine the spac~-charge limits tind k achieve ail
acceptable compromise among the design parameters. Tile purpose of
CURIJ is h evaluate the transveme and longitudinal current limik as a
function of the RFQ para]neters, thereby allowing the designer b choose
an RFQ design witi adequate foc~lsing for (he anticipated space-charge
forces, The pro~am RFQUIK is then used by the designer to choose a
complete set of input data for PA RMTEQ. The input data contain the
adiabatic bunching prescriptions and other rules of thumb for choosing
par~meters, Trllrleoffs between benm performance ana RFQ length rind
power can be chwwn by the desi~er. Many preprocewwr codes have been
written at other Inboratirius, some with rnther difTcrcnt objectives, such ~s
the design of short, heavy ion Iinacs where s;sce charge cnn be ignored.



The PARMTEQ code itself, unive,vally used, serves as a useful basis
and standard of comparison amonf various groups designing RFQs.
Recent work has allowed different pc P tip designs ta be treated with more
accuracy, using a 4- or even an 8-t4Y;m potential function. Some versions
have included a more accurate rep! ~:entation of the radial matcher and a
variation of the voltage along the VI (le.

output processor codes, v hich use the output results from
PARMTEQ as their input, are u~eful after an RFQ beam-dynamics design
has been chosen. At Los Ala’ :JOS,such a program was written by K.
Crandall b perform a variety (( functions as chosen by the designer. The
most important function is tr.]~;choice of actual vane geometry and the
adjustment of RFQ parametiw to produce the design values of the lowest-
order multiples. An additi~ .i~~loutput program is required to produce the
vane construction in form:;,’ on for the numerically controlled milling
machine.

A program of va]u~. (or RFQ cavity design and tuning has been
written by R. Hutcheons ~~tChalk River.2 This program is based on a
coupled circuit mode] am+ contains enough information for studies of the
effects of higher-order n:rdes.

The Working GrI.I:Ip discussed the value of maintaining a standard
vemion of the PARM”.Y:Q code b allow easy comparison of any RFQ design
at all laboratories. “I;,,r concensus was that the existence of a standard
code is valuable, but si-iould not hinder new code developments.

Limitations of the-~, .nac Simulation Codes

The numbe~ d’ particles required for adequate calcultitioi~ of space-
charge effects i?, (An important consideration for numerical simulation

studies. The cmisensus of the group was that for detailed transfer maps
with space charge, many particles are required. It was reported at this
meetin~ that !10 000 particles for programs like CHARLIE may e’ :n be
inadequate f~~~accura~ transfer maps that allow deter-minatio,l of : .)ace-
charge effect?l However, for describing the average properties of the beam,
including th!, second momenti of the distribution and the rms emittance,
many fewer particles, often no more than about 103, are adequate for
obtaining r’:producible and accurate results. PIC-type codes can calculate
second momenta b good (1%) accuracy, but when good resolution of sharp
benm edg~s is risceamry, PIC codes do not perform adequately.

The physics contained in lil~nc codes like PA RMILA,4 PARMI?I,A,5
nnd I)ARMTEQ1 was felt to be t-idequate for description of the ~mall
nm~,lit~de pnrticles in the beam, but probably was inadequate for the
Iarg, r ~!nplitude particles that contribute to beam halo. Accurate
de’lcription of the hnlo will require puttin~ nll sources of nonlinenr fields



into the codes, including both space-charge and image forces. The effect of
the image forces is not simple to analyze because it depends on the detailed
geometry and on the relative alignment of the beam and accelerator. No
bllnched-beam image-force analyses have been applied b these codes. An
encouraging result about the image-charge effect comes from the studies of
Celati,6 which indica~ that even for off-axis beams, image-charge effects
may only become important at very low values of the space-charge tune
depression. Neutralization may persist from the LEBT into the RFQ. At
present, we assume no neutralization, and it is not clear how to handle this
possible effect.

A few comparisons of these Iinac codes with experimental
mee,surements ka,ve been made, and more should be available within the
next few years. R. Jameaon described the compariwn of PARMILA with
measurements on the CERN linac,7 where it was concluded that the
experimental emittance results could be explained from the PARMILA
runs, with reasonable assumptions about beam misalignment and
misrnatzh. PARMTEQ calculations have agreed well with measured
longitudinal distributions,’ even with excitation errom. Comparison with
transverse measurement have also been made, and the agreement has
been good.
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