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MFE NETWORK BY THE LAACG®

T. C. Barts, K. C. D. Chan, R. K. Cooper, and M. J. Browman
Los Alamos National Laboratory
Los Alamos, NM 87545

ABSTRACT

The Los Alamos Accelerator Code Group (LAACG) maintains the two- and three-
dimensional (2-D. 3-D) MAFIA'! codes and the POISSON/SUPERFISH codes at the Na-
tional Magnetic Fusion Energy Computer Center (NMFECC). These codes. principally
electromagnetic field solvers, are used for the analysis and design of electromagnetic com-
ponents, e.g., magnets, radio-frequency (rf) structures, pickups, etc. We will give a brief
lh'S(‘riptinn of all the codes and explain how they may be accessed via the Magnetic Fusion
Energy Network (MFENET).

INTRODUCTION

Two sets of codes useful for the computer-aided analysis and design of 2-D and 3-D
electromagnetic structures are installed at the NNGFECC. The 2-D M -ﬂglA codes in cylin-
drical and cartesian coordinates and the 3 D MAFIA codes in cartesian coordinates, writ-
ten by Thomas Weiland and coworkers of the Deutsches Elektronen-Synchrotron (DESY),
constitute the first group. The 2-D POISSON/SUPERFISH group for cartesian and cylin-
dncal coordiaates is the second installed group. Klaus Halbach of Lawrence Berkeley Lab-
oratory ( LBL) deveioped the theory and Ronald Holsinger working at LBL and Los Alamos
National Laboratory (LANL) did the programmming for the POISSON/SUPERFISH
Lroup.

NMFECC pru\ims large-scale computational support to the magnetic fusion energy
community and the mrger unrrgv research comununmity There are four CRAY's avalable
for users at NMFECC (clocated at Lawrence Livermore National Laboratory .

Cidelines are given below for obtaining a computer accouat at NMFECC: for ob
tmimne documentation; for accessing source codes, executable codes, and test problems;
o compling and executiag the run-time modules,

Fxamples Using MAFIA and POISSON/SUPERFISH Codes

A representative use of the MAFIA codes is a study? to minimize the power loss

ceusity i the four-rod radio frequency quadrupole tRFQ) shown in Fig. 1
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Fig. 1. The four-rod RFQ modeled by the MAFIA codes.
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Fig. 2. A plot of the four rood REQ mnodel prosduced by the MAFIA 1 ieden
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Fig- 3. A magnetc field plot of the rod region just in front of the muddle metal plate

going away from the reader. All of the following magnetic field plots were produced by the
MAFIA post-processor

Figure 4 15 a plot of the magnetic field of the entire x-y plane at the middle meral
plate of the madeled stmicture.
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Fig 4. A magnetu firld plot of the entue vy plane at the mulifle mietal plate



The enlarged view of the rod reiion in Fig. 5 shows the peak magr.-tic fields. From
this plot it can be seen that the peak current flow and power loss is concentrated where
the rods are connected to the metal plate.
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Fig. 5. A magnetic field plot of the rod region at the middle metal plate

Foirther modeling showed that increasing the wrath of the base of the rods teduced
the ;oower loss density n that region.

A tepresentative use of the POISSON/SUPERFISH codes 1s magnet design including
H avnets, septum magnets, nd quadrupoles. These codes have also been used to caleu-
liv'e eiectnie Belds between plates of fixed potential in an infinite pipe, and to calculate the
tie s at both the center and the fringe of a magnetic geometry. Figure 6 is a piot of the
mavnetie ield hnes for a quadrupole magnet caleulated with POISSON.

Althongh at s possible to use only one-eightii of rhe total geometry hecause of the

' N
o errvoan this case, one fourth of the geometry was nsed.

THE MAGNETIC FUSION ENERGY NETWORK
AND COMPUTER CENTER

[he NMEECC, ectablished i 19740 provides Large seale computational support to the
doarnetie foaon enepey community and the langer energy research community The centen
Cactitates the shanmg of mformation, codes, data, manpower, and compute; power amony
Anerenn and Japanese energy researchers,

Currently, the NNERCC user commumty consists of about L4300 nasers at abioat
wres thronghont the country amd Japan By mieans of a nationwide commmmentions o
worh SIFENET. vsers may aceess the following arge scale compnters at NMEECC e
CRAY D machime cto be phased ont shogtlyv o a CRAY NMEP 1 and two CRAY 2 b
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Fig. 6. A plot of the magnetic field lines of one-quarter of a quadrupole

NMactane b a CRAY -2, nas 40 Mwords of memory and 4 CPUs: Machine f, a CRAY -2,
Las 30 Mwords of memory and 4 CPUs: Machine e, the XMP24, has 1.3 Mwords of memon
and 2 CPUs These computers can be accessed via dial-up lines, TYMNET. INTERNET.
Remote User Service Station 1RUSS). and/or a VAX on MFENET.

Potentai users with no aceess to an NMFECC account need to contact their DOF,
inonitor to determine ehg@ibility for an account. Those eligible then need 1o contact Dan
Hitelicock at the Otfice of Energy Research at DOE in Washington, D.C.

New users can be added to existing accounts by having their Prncipal Tnvestigator
coutact JoAnne Revelli at NMFECC, phone 14151 422.4228,

OVERVYIEW OF THE 2-D AND 3-D Maria CoODE

Fhe 2-1) and 3-D MAFIA Systems

e D and 3D MAFIA systems are sets of computer programs used for the
v e wded anatsas and design of three dimensional electromagnetie struetures
i e ostate and magnetostatie devices, of cavities, bellows, ete. The proginms 1o
the te oyt -V an ongomng collaboration hetween the DESY Laboratory, the Los Alamos Nz
vional Labaatory, and the Kernforsehungs Anlage Jiilich. MAFIA i an acronym fon the
wortion of SAvweil s equntions usig the Fuate Integration: Algonthm.? This algonrhm
rediees the antegtal tepresentation for each of MAxwell's equations to a fully geaeralised
matnx equvadent that s convement for nse i large seale computers, Solutions can be
obtianed 1 eiher the frequency doman or the tune doman. The theory belund the
MAFIA codes v well documented 8 7 The Lintest versions, 50+ for URMEL and THOL,
200 for URMEL T'and the 3 D MAFIA codesaremstalled and maintained a0 NMFE
Figure 7 shows a3 D MAFIA system diagrn.



e
R .
M2
Talm
B e o M —
R3J )
malr ‘-mll
——t T [ S o
22 EJ2 - W3COR .
_— —_—
T.ale mals ek ——
- WSOLT ——
- LBIa¥| —
- i —_— —— . ——— e
3

Fig. T. The 3-D MAFIA system on the NMFECC ("RAY computers

The 2-D MAFIA Codes

URMEL Version 5 02 calculates TM modes in eylindncally synunetne caviries and
cutofd frequencies of waves in longitudinally invanant waveguides. The cavity electromag-
uetic fiells may have any azimuthal dependence. The code uses a vanable rectangular
mesh. which may be subdivided into triangles. The semianalytic processor (SAP)? is used
toe Yind the eigensolutions. Plots of ‘e geometry and electric and magnetic Selds are
avaliable.

URMEL-T Versron 2 01 is sinular *o URMEL but uses a tnangular mesn It alvo
provides for dielectric and for permeable matenals: 1t calculates TE and TM modes and
wavegiide propagation constants.

TRCI Verrion 5.02 calculates the nime dependent electric and magnetic fields in
cyvimndineally svinmetne structares in which charged parniere beams occur. The code also
citerhates the ntegrals of the forces acting back npon the particles of the beam as well
is foree mregrals twake potentials) for test partieles accompanying or following the heam.
The ool ases i square mesh, Plots of the geometry, the electnie and magnetie felds, and
the e otenrian are avialable

The 2-1) MAFIA Postprocessors

WAkOCOR Veraon 5 02 caleviates the Litferenee between the vahiues of twao eparare
TBCT o s ardentieal mesh pomts Plorsof the resnltant vake potential are avinialble

WALELS Veraon 5 02 ponts the wanetields and wake potentials saved ar eieceod
ot s Sar every time step and cprionadly doe s Foaner tansfonm of the felds at aleored
;n-::xh

WAROUT Vergan 502 prants the wike ln.ln-nnnlu saved wt selected tane e

Plors of the wake potential are avalalie



The 3-D MAFIA Preprocessor

M3 —~ Virston 2 12 generites a rectangular vanable mesh for the problem geometnc
dara in cartesian coordinates on a direct access 1da) file. At NMFECC, the da file is an
absolute file. Selected restangular mesh cells (bricks) can be subdivided into two triangular
bricks. Color plots of the geometry. mesh. and matenals used are available in 3-D and in
2.D cut planes.

The 3-D MA_FIA Codes

RY - Vermion 2.01 generates the equations and coefficients for the eigenvalue solvers
E31 and E32 and appends them on a copied da file. The R3-E3 combination is the 3-D
frequency-domain solver.

E31 - Version 2.02 solves for the eizenvalies and calculates the resonant frequencies
and the electric and magnetic fields. The SAP s used to find the solutionus. These solutions
are appended on a copied da file.

ES? - Vermion 2.0! generates solutions as E31 but uses a multignd technique.

T9 - Veraon 2 09 solves for the electric and magnetic fields in the time domain: it
als caiculates the integrals of the forces acting back upon the particles of the beam s
we!l as furce integrals (wake potentials) for test particles accompanying or foilowing the
beam. These solut;uns are appended on a copied da file.

The 3-D MAFIA Postprocessors

P8 - Versmon 2.09 analyzes and displays the electric and magnetic field solutions
caewlated by the main codes and stored on the da file. It provides printouts of -he
frequencies. field components. electric field enermes. power losses. quality (Q) facrors.
integrals of the field. and net forces for particles with phases 0° and 90° . Color plots are
available for the geometry and matenals in 3-D and for the electromagnetic fields in 1-D.
2 D. and 3-D.

WeCOR Vrraion 2.02 caiculates the difference between the values of two wake
notentials at identical mesh points from two separate T3 solutions stored on da files. Plots
of the resultant wake potential are avalable The calculated difference is appended on a
coped da e

WYFLS  Veruion 2.02 plots the ficids and wake potentials saved at specified points
at each time step from a T3 solution stored on a da file. This code optionally calenjates a
Founer tansform of the fields at selected ponts.

w.orrT Version 2.02 prints and plots the scaling function G(u, v, s) for every
nostion « n the beam bunch: also, this code can plot the wake potentials from a T3
somtion ~tored on a copied da file

OVERVIEW OF THE POISSON/SUPERFISH
GROUP OF CODES

[he POISSON SUPERFISH Group of Codes s used in the computer mded desan of
vt onal 1 apetpes These codes prodide the aaer with a cholee between carresa,
rony o contdimates amd evhindpeal croo coordimates POISSON Gaienlates magnetostane
vl cecttostane Selds while SUPERFISH computes the resonant frequeneies and Felds
of crreiely symmetne N modes e eyhnedneadly syvimmietne m-hu}
D oledrrne aterials and hnear magnetie matenals can be meladed o the calendaron-
[Verw condes use a vanable tnangnlar mes<h that distores 1o fit the problem geometss
v code s are the ongnal eleven programs, the standardized sergon for the aceelerator

tegeney Caviljes



cormmnuiitr. Thelatest version. 2.003. November 1, 1388, isinstalled at NMFECC. Changes
include a vorrected stored energy calculation® in POISSON, PANDIRA. and MIRT: addi-
tion of the coces PA\T and FORCE: addition of the DISSPLA-based!'? plotting program
DISPLOT. wid munerous programming changes bringing the codes closer to FORTRANT
standaris o ?1; ire S shows a POISSON/SUPERFISH system diagram.
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[
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Fig. 8. The POISSON/SUPERFISH system on the C"RAY Machine e at NMFECC.
POISSON/SUPERFISH Preprocessors

AI'TOMESH generates an ASCII file for input to LATTICE from the problem geo-
et and matenal data.

LATTICE generates a binary file, deseribing the problem to be solved, for input to
the man codes,

POISSON:SUPERFISH Codes

i ISSON solves Porssou's cor Laplace’s equation for the veetor (or sealar) poten:ial
Tor 2 [ carresian geometry or geometry with evimdneal symmetry using “sueccessive poimnt
ovey 1, l\l“”'.'SP()R'.

PANDIRA 1 simnlar to POISSON but uses a direct method of solution.

SUPERFISH <oives for the TM resonant fiequencies and field distnbutions in an of
cavity with three dinuensional evlhindnieal syimmetryoot also solves for the cutoff frequencies
and mode patterns for a waveginde. For the evhindrically svmmetrie cavities, the only
todes found are azimathally svimetrn



MIRT optimizes magnet profiles, coil shapes, and current densities based on a fi-ld
specification defined by the user. The code can be used as a main code or it can use a
OISSON or PANDIRA solution as a starting solution.
PANT caiculates a thermal distribution in the walls of an rf cavity. The code can be
used as a main ccde or to postprocess a SUPERFISH solution.

POISSON/SUPERFISH Postprocessors

MIRT and PANT see above.

FORCE calculates forces on coils and iron regions from a POISSON, PANDIRA, or
MIRT solution.

SF01 calculates auxiliary quantities for the design of drift-tube linacs from a SUPER-
FISH solution.

SHY calculates H, and the E fields for a specified region from a SUPERFISH and
SFO01 solution.

TEKPLOT and DISPLOT plot the physical geometry and meshes from a LATTICE
solution: plot the equipotential lines from a POISSON, PANDIRA, or MIRT solution: plot
the field lines from a SUPERFISH solution: or plot the isothermal lines from a PANT

solution.
Documentation of the LAACG NMFECC Codes

On-Line Documentation. NMFECC users logged on to any CRAY and wanting basic
i=formation on MAFIA and POISSON/SUPERF%H codes may type in

cfs get /lacc/info/readme

end

cat readme
for a brief description of each code, documentation available, code storage, and inforimation
on accessing, compiling, and executing the codes.

NMFECC users logged on to any CRAY may also read the up-to-date messages on

t:e bulletin board, LAACG POISSON MAFIA, by typing

bulletin laacg

Hard Copy Documentation. MAFIA Docnmentation: URMEL and URMEL-T User
Guide.!'? TBCI Short User Guide,'* MAFIA User Guide.'

POISSON/SUPERFISH Documentation: POISSON/SUPERFISH User's Guide,!?
POISSON,SUPERFISH Reference Manual.!®

Any of these manuals, code access permission. or a nine-track POISSON/SUPERFISH
tape may be requested from the LAACG by mcessages sent as follows:

NLFECC users logged on to any computer on MFENET may tyvpe in

tell at6tcb@lmp
[BITNET nsers may use the address:

at6tcb@lampt
U7 S, mnil reqoests may be sent to
LAACG

AT-6, MS HB29

Los Alamos National Laboratory
Box 1663

Los Alamos, NM B7545



Storage of LAACG NMFECC Codes

Central File System (CFS). On the Central File System (CFS) there is a root node.,
/lacc. Under /lacc are three directory nodes: /info, /mafia, and /poicodes. Under
/lacc/info is the file /readme.

CFS MAFIA Storage. Only CRAY -executable MAFIA codes (controllees) are available
to NMFECC users. Standard length versions named with an x concatenated to the source
code name. for exampie xm3, are available for Machine e and the CRAY-2 machines. In
addition. one million point versions are available for the CRAY-2 machines for all MAFIA
codes except URMEL-T. URMEL-T is a 350,000 point version. These versions have a + as
the last character of their names, for example xm3+. The controllees can be found under the
node /lacc/mafia/e for Machine e and under the node /lacc/mafia/2 for the CRAY-2
machines. Test problems are found under the latter nodes under the tps directory. The
controllees are stored for execution at NMFECC.

CFS POISSON/SUPERFISH Storage. Both sources and controllees are stored for
POISSON/SUPERFISH codes for the CRAY XMP (Machine e) and also for any VAX
running under VMS. File names are identical to those cited in the POISSON/SUPERFISH
User's Guide. The CRAY sources are stored under /lacc/poiccdes/cray/src with
names such as autso, latso, etc. and the CRAY controllees are stored under
/lacc/poicodes/cray/xeq with names such as automesh, lattice, etc. Test examples
are stored under /lacc/poicodes/cray/examples on separate files and in libraries with
names such as poisex for a complete POISSON run. Qutput tles in the poisex library
have a po appended to their names for example outautpo. A cosmos jci file with a name
such as jcipo that will execute the actual run is included in each example library. The
source codes are stored for compiling at NMFECC or for file transfer, and the controllees
are stored primarily for execution at NMFECC.

VAX sources are storedd under /lacc/poicodes/vax/src with names such as
autso.for, latso.for. The executables are stored under /lacc/poicodes/vax/xeq
with names such as autometh.exe, lattice.exe. Test examples are stored under
/lacc/poicodes/vax/exanp) es on separate files and in libraries with names such as poi-
sex.tldb for POISSON examples. These files are stored at NMFECC primarily for file
transfer.

Access of LAACG NMFECC Codes

MAFIA Code Access. Source codes for the MAFIA systems are distributed solely by
DESY. Notkestrasse 85, D2000 Hamburg, The Federal Republic of Germany. Requests for
hard copies of release forms may be made to at6tct@1lmp via MFENET or to at6tcb@lampf
via BITNET or to the mailing address included in the section on Documentation. Profit-
making organizations should expect to negotiate a contract with DESY for use of the
MAFIA rodes.

POISSON/SUPERFISH Code Access. Anyone with an NMFECC account may hiave
aceess o the POISSON/SUPERFISH vcodes. The LAACG requires that a request be
mace for permission to access either the source or executable codes, b this is only for
the parpose of keeping an up-to-date data base of nsers. Requests may be made to the
same network or mailing addresses listed under Hard Copy Documentation.,

Execution and compilation of the LAACG-—-NMFECC Codes

MAFIA Erecution. All controllees are stored on CFS as deseribed in the section on
storage. To get acontrollee in a CRAY loeal file space type in (for example)
cfs get dir=/lacc/mafia/e xm3
end



All 2-D ar 3-D codes except for P3 require an ASCII input file. The CRAY input files
are always the name of the source code concatenated with in. For example, the input file

for M3 is m3in. All the MAFIA codes except P3 (where it is optional) produce an ASCII
output iprint) file. The output file name is again the source code name concatenated
with out. URMEL-T is the exception; its ASCII output file is named urmeltou. The
3-D MATIA codes use a da absolute file for intercommunication. That file name is maf
concatenated with the first letter of the 3-D code name. M3 produces mafm. which is used
for communication with R3. P3 in turn produces mafr, etc. For large problems familying
will place on the da files. The scheme used at NMFECC is that if the first file is named
mafm. for example, then the second is mafm01, etc., but the last file has a name ending in x.
sich as mafmix. Libraries of test examples are in /lacc/matia/tps. For 3-D MAFIA. the
file ~3r3e31 contains inputs and outputs for a complete 3-D frequency-domain calculation.
In codes where plots are available, & menu will request that the user select one option
fr. -1 20 plot options. Some options will be followed by queries for baud rate and box
mur.ber. The experienced user may select the file substitution option available and freely
substitute file names for expected file numes and also may type in po= for plot option,
baud= for baud rate, xob= for box number right on the execution line. For example, typing
in
Im3 po=2 xob=q3f mafm=maftest
results in xm3 executing with ploi option 2 box number q36; the da file produced will be
named maftest. File substitution is aot available for plot fle names.
Input files for test problems can be obtained by typing in (for example)
cfs get /lacc/mafia/tps/m3r3e3l
end
1lib m3r3e3l
x
end
All input and oatput files will be i1 the local file space. Output files will have a 1
appended or substituted for the last character in file names over seven characters long so
that comparisons can be made.
I'OISSON/SUPERFISH Ezecution. All controllees are stored on CFS as described in
the section on storage. To get a controllee in a CRAY local file space type in (for example)
ctfs get dir=/lacc/poicodes/cray/xeq automesh
end
For cach test example library included in CFS under /lacc/poicodes/
cray/examples, there is a jci fike that will execute with COSMOS. This jci file will
get all the necessary files from CFS, extract all files from the libiary, and execute the
problem with a minning log displayed at the terminal. A log file is alro produced for later
viewing. Each test example hibrary also has a readme file with a more detailed explanation
of how the codes mn. For example, to rin the POISSON test example, type in
exampie, type in
. fs get /lacc/poicodes/cray/examples/jcipo
«end
:0smos jcipo
At NMFEFECC, all piots are made with the code DISPLOT. A menn similar to e
MAFIA munial plotting menu will be displayed and will request that the user select ane
of the 26 plot options presented. Some options will he followed by queries for hand « e
aned box numher. The experienced user may type in po= for the plot option, baud= fin the
havied e and xobs for the box numiber right on tin execution line. For example, typing
tn
displot po=3 baud=93600
will teanlt in DISPLOT executing the plot option 3 at 9600 baud. Please uote that TEK
PLOT hased on PLOTIOY stored in CFS node /1acc /poicodes/eray/xeq will not exe
ente at NMEECC and is stored in CFS for file tran fer convenmenee only,



POISSON SUPERFISH Compslation. All PGISSON/SUPEREFISH CRAY ~ource

codes in local disk space can be compiled on M.chine e by typing in (for exar ple)

trixgl o(libso) run end
The library source code 1ibso must be compiled first followed by poiso. then the remaining
source codes may be compiled in any order.

Up-to-date inst: -tions for compiling on the CRAY's or VA Xes will always be available

in the readnma files stored in

/lacc/poicodes/cray/info/readma.c

or

/lacc/poicodes/vax/info/reacdre.v

To transfer iiles to an MFNET computer tyvpe in (for example) netout libso.for
site=lmp user=at6tcb binary. Use the binary option for all file types. If the transfer
site is a VAX-VMS. there must be a directory with all world privileges named user . net:
for the above example: at6tcb.net.

REFERENCES

"i" R. Klatt, F. Krawczyk. W. R. Novender. . Palm, T. Weiland, B. Steffen, T. Barts,
M. J. Browman, R. Couper, ('. T. Mottershead, (. Rodenz, and S. GG. Wipf, “"MAFIA A
I'hree-Dimensional Flectromagnetic ('AD Svstem for Magnets, RF Structures, and [ran
<ient Wake-Field C.:lculations,” Proc. 19%6 Linear Accelerator Conference, Stanford Linear
Accelerator Center report ST.AC-303 (June [986), pp. 276-278,
2" M. J. Browman, G. Spalek, P. B. Friedrichs, I'. (", Barts, *Studies of the Four-Roc’ 1FQ
using the MAFIA Codes,” Los Alamos National report LA-U'R-88-3263. Proceeding the
1988 Linear Accelerstor Conference | October 19%3), to be published.
‘T [. Weiland, *On the Numerical Solution of Maxwell’s FEquations and Applications i the
Field of Accelerator Physics,™ Particle Acceleraters 15 (4), 245 292 (1984).
"t T Weiland, “Numerical Solution of Maxwell’s Equation for Static. Resonant and Iransiem
Problems.” in [".R.S.1. Internatsional Symposium an Electromagnetsc Theory, Akadenna
Kiado, Ed. (Budapest, Hungary, 1986), Part B., pp. 537-542.
I Weiland, =On the Vnique Numerical Solution of Maxwellian Eigenvalue Problemsin Fhiree
Dimensions,” Particle Accelerators 1703 400, 117 212 (1985).
% I Waoland, “Transverse Beam Cavity Interacuon, Part @ Short Range Forees.” Nuclrar
Inatruments and Methods (NIM) 212, 13-314 (198]).
RO Klatt and 1. Weilard, “Wake Field Calculations with Three Dimensional BCL Caode”
in Procecdings .f the 1986 Linear Accelerator Conference, Stanford Linear Accelerator
Center report SLAC 303 (June 19586, pp 2R2-2K5,
<L Dackmantel, *Apprication of SAP in URMFL." CERN report EF/RE 85 4 (September
ILNTR
) Tioand H N Thiessen, *A Correction of the Magnetie Stored Foergy Calenlation for the
POISS)ON Canputer Code ) SAHYE Techmical Nate S8 00%), (Los Alamaos, March 1988
0T Campuater Nasornetes International, “DISSPLA 100 User’s Manual,™ Garden Cite, New
Yok, PNKL

137 Amernvcan National Standards Institate, Ine o * Vinencan National Standared Programumone
Lanenage TORTRAN" (New™ark, 197%)

U Latraer, U ovan Rienen, [T Welland, "URME L and URNMET T Vier Gupde,™ DESY U
70 i Pebruary 1987)

R KLattand T Weiland, * TBCT Share Uer Gude ™ vunpubivdhed ) (lannary 1, 1988

"4 The Mafia Callaboration, “MAFIA Ueer Gode” Tos Mamos Navonal Fabaratory (i o

1)



‘153] M. I. Menzel. H. K. Stokes, “User’s (zuide for the FOISSON/SUPERFISH Group of (odes.™
[os Alamos National Laboratory report LA-UR-N7-115 (January 1987).

116; Los \:amos Accelerator Code Group. “POISSON, SUPERFISH Reference Manual,™ Lo
Aiamaos National Laboratory report LA-UR-%7-126 1 January 19837).

‘17) Tektronix Incorporatea, “PILOT 10 Terminal Control System User’s Manual,” | Beaverton,
OUregon, 1979)



