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Abstract

ESME is acomputer program to calcul ate the evolution of a distribution of particlesin energy and azimuth as it is acted upon
by the radio frequency system of a synchrotron or storage ring. It provides for the modeling of multiple rf systems, feedback
control, space charge, and many of the effects of longitudinal coupling impedance.

The capabilities of the program are described, and the requirements for input data are specified in sufficient detail to permit
significant ca culations by an uninitiated user. Thismanual describes ESME 2001 , extensively modified since the previous user
documentation. The principal changes in input parameters sincev. 7.1 (1987) are tabul ated.

Optional command line arguments control the volume of output, interactive mode, etc. Memory all ocation can be controlled
at run timefor some large arrays.
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Chapter 1

| ntroduction

The program ESME has been devel oped to model those aspects of beam behavior in a synchrotron that are governed by the
radio frequency systems. It followsthe evol ution of adistributionin energy-azimuth coordinatesby iterating amap correspond-
ing to the single-particle equations of motion. A provision for scaling the map for faster calculations has been introduced in the
2001 version;[1] only when the scaling constant is one does an iteration correspond to abeam turn. The map parameters may be
updated each iteration to reflect the action of the beam current on theindividual particlesthrough feedback |oops, space charge,
coupling impedance, etc. The codewasinitialy developed during the years 198182 for the design of the Tevatron | Antiproton
Source! and documented for general usein 1984.[5] Thismanua documents a substantial revision of the program. The previous
supported versionwas ESME v. 8.5. Dataprepared for thisand earlier versionsare likely to need some modification to run under
ESME 2001. In Appendix A is given atable of obsoleteinput parameters and their v. 2001 equivalents and the parameters first
appearing in ESME2000. The conceptual basis of ESME is discussed at length el sewhere[7]

ESME isused frequently to assess the efficiency of agiven rf beam manipulation or to optimize system parameters. For this
the user needs to specify technical details of the various subsystems and derive various numerical measures of system perfor-
mance from the particle distribution. In this sort of calculation many data are required, and the program may employ severa
numerical analysisfeatures. Equally useful, however, are qualitative calculations designed to il lustrate a concept or explorethe
feasibility of anovel approach. For such use the code requiresaminimum of dataand provides easy accessto avariety of graph-
ical output. When a preliminary investigation has been fruitful it is natural to proceed to a thorough modeling of the process.
ESME isintended to serve effectively over a wide range of detail by separating functions so that only the relevant ones need
be considered and by establishing reasonable defaults to reduce the data required for typical cases. Thus, afew lines of data
may serveto get afirst look at a system which can be studied in greater detail by overriding defaults with specific input and by
using additional functionslike, for example, those related to collective behavior or those related to numerical evaluation of the
properties of the distribution.

1.1 Coordinate System

The macroparticle coordinates in ESME are energy difference [MeV] from the synchronous energy and phase difference
from the synchronous phase. Because the program accommodates simultaneous operation of rf systems at different harmonic
number h, the phase variableistaken at h = 1. This means, for example, that the unstable fixed pointsfor a stationary bucket
occur a +7/h. Internaly the phases are in radians, but input data are in degrees. The single-particle longitudina dynamics
depend on the mean radius of thering R.q = C'/2m, themomentum p, (energy E.) of aparticlewhich followsthecentral orbit,
and the momentum dependence of path lengthfor particleswith momentanear p,. When rf ispresent, theenergy F of aparticle
that arrives at location of the rf when the phase is o5 = hid suchthat AE; = AFE, iscalled a synchronous particle, and ¢ is
the synchronous phase. E isusually equa to E, so that the synchronous orbit and the central orbit are the same. Because this
istypical, datafor an rf system requires a harmonic number but not a frequency, because the rf frequency defaultsto s timesthe
thecirculation frequency of a particlewith momentum p,. The program can calculate a+) val ue such that the particle having that
phase will remain on the central orbit. When thereisasinglerf system, 1 isthefamiliar synchronous phase below transition
except for the & factor: ¥4 = ¢4 /h. The synchronous phase is chosen as the origin for J; thus, ¥ is the anount the waveform
must be shifted so that the particle at ¢ = 0 gets the synchronous energy increment. When there are several systems active,
each may have itsindependent phase and harmonic number. However, if there is sufficient total amplitude, there is a phase by
which the composite waveform can be shifted to give the synchronousenergy increment at a phase stable point. Thisshiftisstill
caled 9, but it may not be the phase of any of theindividual rf systems at thetimethe synchronous particlepasses. Incidentaly,
the code generally proceeds as though all of the rf gaps are at one location. Usually the synchrotron tune is low enough, say

LInstructive examplesof the capabilities of ESME can befoundin reportsrelating to TeV 1. Some of thesewill not be cited directly in thetext but areincluded
in the references. See for examplerefs. [2], [3], and [4].



vs < 0.005, that thiswill be a good approximation. However, if the cavities are in fact distributed and the synchrotron tune
high, one can get more realistic modeling by taking multiple energy kicks per turn; ESME allows a turn to be divided into any
number of identical segments.

Because the quantities ¢, have therange +, it isnatural to identify them with the azimuth of the macroparticles at the syn-
chronoustime, i. e., the time when the synchronous particleis at the rf location. However, because ¢ is actudly rf phase, the
conversion to azimuth depends on particle momentum. For particles close to the synchronous energy, the difference is quali-
tatively negligible, and useful intuition can be derived from picturing the distributionin ¢ as being distributed around the ring
in the same way. Note, however, that in this picture smaller ) particles are leading particles; beam circulatesin the ring in the
—4 direction. Althoughi it is not strictly correct, ¢ will frequently be referred to as the particle azimuth in the following. The
conversion from the phase variable to the true azimuth ©, ,, of the particleis

Oin = 220, ~ (1 - 77%> i -
: . D :
For most applicationsto a high energy synchrotron then-termis small compared to one. There may be some case for which the
distinction between ¢ and © will be important.

An important distinction between the h = 1 rf phase and the azimuth of a particle is that azimuth is modular with a range
of 27 wheress the rf phase is unbounded. In ESME, rf phase is taken mod 27, but a particle which gains or looses a full turn
on the synchronous particle gets the appropriate number of energy incrementsif the full azimuth isincluded in the calculation.
As explained in the section on the R command, it can be be convenient or computationally efficient to invoke a periodicity
of the harmonic number / or some sub harmonic. Circumstances in which this higher periodicity can genrate some spurious
macroparticle trgjectories are noted in the R command section in Section 2.2.1.

Thetreatment startsfrom the specification of areference orbit of averageradius R ., onwhich the mean normal magneticfield
<B,>isknown. A particlewhichwouldfollow thereference orbit hasthereferencemomentump, = 2.997925-10? <B,,> R4
with p, in MeV/c, R., inm, and <B, > in Teda. The angular frequency of beam circulation on thisorbitisQ, = B.c/Req
where 3, isthe Lorentz 3. The variation of the guide field away from the reference orbit is completely characterized for the
purposes of describing longitudina motion by the momentum dependence of the path length for fixed guidefield. At aminimum
one need only specify v = const., a choice adequate in many instances. In many problems it is also correct to identify the
radius of the synchronoustrajectory R with the reference radius R.,. However, in applications like stacking or displacement
accel eration where the synchronoustrajectory may be offset radially, or even out of the beampipe entirely, it isnecessary totake
explicit account of thedifference between them. ESME calculates all motionrelativeto ahypothetical synchronousparticle. The
synchronousfrequency iscal culated from momentum and radius. The momentum dependence of path length at the synchronous
radiusis determined from that given for the reference orbit.

It was mentioned before that the the synchronousenergy E need not be equal to thereference energy E, onthe central orbit.
Thisisaminor generalization of what has been described. The mapping period is still the synchronous period. The path length
dependence on momentum must be transformed from the reference momentum as an originto the synchronous momentum. The
synchronous energy can be separated from the reference energy by requesting a fixed energy offset (see 2.2.1). The rf datacan
include momentum offsets for individual rf systems, frequency programs, and phase programs which will move E; away from
E, (see2.2.2).

Theinitia particledistributionscan have any central energy. Naturaly if adistributionisnot centered on E, it will appear in
different parts of the phase planefrom turnto turn. Because the concept of a synchronousparticle isfundamenta to the program
design, such aparticleisusualy tracked as a check on the program and the input data. A difference between the coordinates of
thisparticle (EREF, THREF) and the presumed synchronouspoint (ES, 0) isan indicator of non-adiabatic change of parameters.
Such difference could of course be intentional, but usually it isa sign that there is an error in the input data. 1t isaso possible
toinitialize (EREF, THREF) at an arbitrary value for monitoring other aspects of the cal culation.

1.2 Difference Equations

The basis of the program isthe pair of single particle difference equations

Din Ts,n7119i’n71 + 27 (Tln — 1)]
Ts,n Ts,n mod()

Ei,n = Ei,nfl + ev(@s,n + hﬁzn) - ev(‘fos,n)

giving the change in the azimuth and energy of particle i during the n-th turn of the synchronous particle. The n-th energy
increment comes at the end of the n-th turn. The relation between the synchronous beam circulation period 75 ,, and that of the
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i-th particle 7; ,, istreated exactly. Thus, the kinematic nonlinesrity is trested exactly; this feature can be very important if the
synchronous energy is close to the transition energy. The lattice nonlinearity is expressed by expanding thetrgjectory lengthin
powersof Ap;/po = (p: — po)/po Where p; isthe particle momentum and p,, isthe momentum on the reference trajectory. The
rf potentia isthe sum of one or more sinusoidal terms so that the dynamic nonlinearity of a simplewaveform istreated exactly
and other waveforms are treated in afourier expansion of ten or fewer terms.? The equation used in the program is generalized
somewhat to permit multipleevenly spaced cavities per turn as an option and to alow the drift between cavitiesto be subdivided
for more frequent application of the space charge kicks if the dynamics requireit.

There is a problem of numerical instability above transition when the synchronous phase is defined in the customary way.
The source of the difficulty is roundoff error in the value of the synchronous phase for values in the neghborhood nz. The
instability became apparent somewhere in the vicinity of 106 to 107 iterationsin test cases on a stationary bucket using 64 bit
double precision arithmetic. Going to quad precision postponed the problem for another order of magnitude or more but did not
eliminateit entirely. There is a good way to monitor a calculation for signinicant effects of the instability: make a HISTORY
plot of average energy for the distribution (EBAR) vs. average phase (THBAR) and look for the development of a systematic
spiralling growth of the center of charge oscillation. In the tests run, the effect showed up at the 10 ~1¢ level after thousands
of iterations and was often still bel ow significance beyond 106 iterations. The instability has always been present but has not
been a practical concern for typical uses of the code. However, it came to light in some experiments on the onset of Robinson
instability where the parameters were intentionally close to threshold. There seem to be four waysto deal withit:

1. Ignoreit; it never bothered anybody before.

2. Monitor it by aHISTORY plot in cases where it could be manifest.

3. Usequad precision.

4. Modify the map so that the stable fixed pointsare limited to therange —7/2 < ¢ < 7/2.

Because the difference equationsare burried within thevery tightest inner loop, the question of computing timeisvery important
in choosing the response to the instability problem. The choice between options 2 and 4 is arguable. Option 1 can be accepted
where fewer than 10° iterationsare used, but it isnot very satisfying for acode that isintended to serve thewidest possiblerange
of applicationswithinauniform framework. For option 3 one pays an unacceptabl e price in computer time, rougly afactor of 30
inacoupleof trials. The great virtue of option4 isthat it fundamentally fixes the problem and liftsthe burden of vigilencefrom
the user. The priceisasomewhat disconcerting definition of the synchronous phase above transition. By changing asignin the
map above transition, the particles can be made to follow the correct trajectories with the stable point on the positive slope of
thewaveform. Thusin this case thereisno replacement of the stable phase below transition by its supplement above transition.
There is no doubt that this option is superior from the standpoint of numerical analysis. Because no single option seems fully
satisfactory, the source includes a preprocessor choice (cf. section 4.2) to compile either with the map given above or with the
intrinsicly stableform. In compiled distributions, the unmodified map isused. For typical applications, thereisno problem; the
possibility of spurious coherent motion is one to be kept in mind as a possible cause for anomal ous results. Further discussion
of numerical precision can befound in ref. [6]

In the section on parameters for the tracking routine there is mention of a parameter for choosing aternative versions of the
difference equations. There are two choices, one which calculates A+ asindicated above and one that equates it to the familiar
approximation —27nAp/p. Substantia time can be saved by using the smple difference equation if it is sufficient.

1.3 Multiparticle Calculations

The particle distribution at each iteration is mapped from the previous by the difference equations. The program provides
three genera types of optiona calculation on the properties of the distribution as awhole. The most common calculations are
those which quantify properties of the distribution so that one can plot them as functions of time. Examples of such properties
arefirst and second moments, emittance, fourier spectrum of beam current, etc. Another type of cal culation involvescal culating
feedback contributionsto rf system parameters. ESME provides for phase feedback and feedback to rf amplitude. The third
general class of collective calculation is the evaluation of beam induced voltages from space charge and longitudinal coupling
impedance. The space charge calculation uses a geometric factor depending on average beam radius and average beampipe
radius. Thisfactor isrolled off at very high frequencies. The longitudinal impedance can be characterized by an arbitrary table
of real andimaginary part vs. frequency and/or atabl e of resonances defined by resonant frequency, Q, and real part at resonance.
The frequency domain treatment of bunch self force and wall impedanceisdescribed inref. [8]. Severa interesting applications
were made to the Fermilab Booster, which are described in refs. [9, 10, 11, 12].

2A little-used option mentioned in ref. [5] to providea perfectly linear sawtooth waveform has been dropped because of severe conflict with the mechanism
by which the more recent versionsfind the synchronousphase.




When aresonance is represented by an impedance, the transient part of the excitation is neglected. However, thistreatment
does not redlistically represent the driving terms for certain types of collective bunch motion. Therefore, response of a high-
Q resonator may also be modeled in the time domain (see ref. [13]). Severa resonances can be treated simultaneoudy with
some (or al) treated in time domain and some (or all) treated in frequency domain. Reference [14] describes the use of this
facility in modeling the coupled bunch instability. The code a so provides amore genera time domain cal cul ation of the effect
of wake fields. The caculation is based on a basis function giving the voltage response [MV] to a unit charge [C] distributed
in atriangular pulse.[15] The basis function is calculated at an interval small enough to give good linear interpolation on the
charge distribution and carried out to times for which the total wake field will be significant but in no case for more than one
turn. This option may be used along with both the frequency domain calculation and the time domain calculation for simple
resonances. The bunch sdlf-force, i. e. the perfectly conducting wall term, can be calculated using either the fft machinery
used inthe impedance calculation or in the time domain with alocally determined numerical derivative of the azimutha charge
distribution. Note that an irregular fill pattern for the ring does not necessarily, or indeed generaly, mean that the transient
beam excitationisimportant for the dynamics. After thefillingtime of any hig Q impedance, the current spectrum remainslittle
changed from turnto turn; therefore, the frequency domain treatment will be appropriate. The effect of theirregular fill appears,
of course, in the presence of circulation frequency harmonicsin the beam current which are not harmonicss of the rf frequency.
The synchrotron oscillation side bands will be present because of the phase modul ation of the beam current distribution by the
synchrotron motion.

Calculations of collective effects often require many particles to avoid spuriousinstabilitiesdriven by numerica noise. If
the aim isto model only low frequency effects like bucket distortion or low frequency parasitic modes, it may be acceptable
to smooth the charge distribution using either local smoothing or the globa (Berstein polynomial) options provided. However,
an arguably more general and rigorous approach, which does not arbitrarily sacrifice high frequency information, is to scale
the map[ 1] with the effects that both fewer iterations and fewer macroparticles are required. The code is supposed to scale all
impedances automatically, but a soupgon of scepticism is salutory.

1.4 Emittance(s)

The same macroparticle model can yield severd different numbers for emittance. Doubtless this variety has potential to
confuse, but it results from useful aternative definitions of emittance and differing uses for the calculted measures. The first
digtinction is between true emitance, that is a phase space area, and so called rms or statsical emittance. The only way to get a
true emittancefrom ESME isto usethe ICONTUR =4 choiceinthe O command. Thiswill resultinthe generation of a sequence
of matched contourswhich will usually terminate successfully with one containing 95 % of the macroparticles. This procedure
istime consuming and does not always arrive at an answer. The rms emittance, however, isuniquely defined by the distribution;
there will always be avalue available, and the calculation isrelatively simple. However, an rms emittance is not a phase space
area; it may decrease as well asincrease during the course of aprocess. It can berelated to an area only through the assumption
of a phase space distribution function. The usua assumption for the distribution function is a gaussian, but for heavy particles
in general and for many manipulations of the beam this assumption is approximate at best and frequently useless. Nonethel ess,
the rms emittance is quick to calculate and uniquely defined, so it is avery valuable number to record on each turn.

The emittance quantitiesthat ESME producesroutinely aretherms emittancefor the particleswithintheJ limitson the phase
space scatter plot (labeled Sy, on the plot) and the the rms emittance for the entire distribution (labeled “EPSILON” in the log
file). If the P command parameter RENORM has been set to .TRUE., these emittances are multiplied by a factor which makes
the scaled rms bunch emittance equal to theinitia bunch area, the P command parameter SBNCH. The emittance“EPSILON” is
therms emittance for the entire macroparticle distribution, including the normalization factor if it hasbeen calculated. Although
it isnot afeature of the standard code, recording the separate rms emittances of several bunches simultaneously requires only a
very smple SHAZAM routineto exploit existing code.

1.5 Flow Linesin Phase Space

Although the emphasis during the development of ESME has been on the evolution of distributions, the plotting of flow
linesis a complementary approach to visualizing phase space motion which can either replace or enhance scatter plots of the
distribution. There are several variants on the contour plotting approach.

1. At selected interva sthrough the acceleration cycle one can produce aflow linemap. If adistributionistracked, it may be
plotted along with the flow lines or its plotting can be suppressed. If no distributionistracked between thetimesat which
the flow line displays are generated, the flow lines can not reflect the action of a collective potential.

2. Aninitia set of flow lines can be generated and then tracked as a distributionitself, either with or without an accompa
nying finite emittance distribution. If a collective potentia is calculated with such a composite distribution, the flow line



component isignored, but the evolution of the flow line component will include the effect of the collective potential.

3. Afinegrain visualization of the result of non-adiabatic motion can be obtained by tracking aflow linetype of distribution
and plotting it along with flow lines representing the final system parameter values. The regions of phase space where
non-adiabatic motion has been significant will show up as areas where the tracked and the freshly generated contours
differ.

4. A specidized variant of thetracking of a contour-likedistributionisavail able as an option to the command which setsup
theinitial phase space distribution. A distribution of particlesjust inside and just outsidethe bucket isavailable. It can be
helpful, for example, in understanding the effects of small perturbations on particleloss.

5. Flow lines can be generated from several arbitrary starting points.

6. Flow linesmay beeither at fixed parameters, representing the hamiltonian flow at aparticular time or with parameters that
vary during the time the particle generates the trgjectory to illustrate, for example, the effects of a parametric resonance.

The difference equations are used to generate lines of flow in phase space. If the flow lines are to reflect the influence of
the collective potential derived from the charge distribution, there is an intrinsic contradiction when the longitudinal coupling
impedance Z)| has ared part because parameters change with time as the trgjectory generating particle delivers energy to the
impedance. Such a spiralling flow line does not represent what is happening to particlesin the distribution because, in the usua
case, the synchronous phase is adjusted dightly to keep the the bunch on the reference orbit. Therefore, when a single particle
trajectory is caculated for afixed time, the collective potentia is reduced by its average value so that bounded trgjectorieswill
close. Inthe absence of areal component of impedance, the flow lines at fixed time are exactly lines of Hamiltonian flow.



Chapter 2

Program Organization and Data Reguirements

Data for ESME are generally acquired by NAMELIST reads dispersed among subroutines which segregate different pro-
gram functions as much as practical. The subroutinereading a particular class of datawill be called only if thereisin the input
stream a single-character command reguesting the rel ated program function. The datarelating to different program functionsor
accelerator subsystems are also stored in different FORTRAN COMMON blocks. These blocks are initialized with values or
switchesto allow the codeto proceed on the basis of afew input data. Theinitial values, or those read in over them, are retained
unaltered! so that a command may be repeated without reentering data that remain apropos. There are default values provided
for many parameters to increase the likelihood of completing execution even if theinput data fail to fully define the problem.

The following subsection calls attention to requirements on command ordering arising from data dependencies. Next isa
subsectionlisting all of the ESM E command characterswith ashort description of their functions. They arelistedintheorder that
would be likely to appear in an input data set, although some are not affected by order of appearance. The subsection following
the listing of the command codes contains NAMELIST’ s associated with the commands and a brief description of the function
of each input datum. The same tabular information is collected in more compact form in Appendix C where the commands are
arranged in a phabetical order for convenient reference.

2.1 Command Ordering

The order in which the commands may appear in thedatawill generally belogically apparent. For example the R command,
which initiates the input of the basic | attice parameters and energy scale, usualy will appear before any other command. Sev-
eral commands require this information to perform their own functions. The A command, which bringsin the rf parameters,
is generally the second command to appear. The command P, which establishes the initial phase space distribution, generally
needs to be preceded by both. If memory allocation differing from the default setting is used, the Y command must be called
beforethe initia distributionis stored. The command B, which sets up the machinery for longitudinal impedance calculations,
needsthe initial distributionto get theinitial beam current distribution. Although by detailed knowledge of the internal organi-
zation of the program or by exploiting some speciaized facilitiesit is possible to create correct data sets that do not observe a
typica command ordering, itisgeneraly safer to adheretothe order YR, A, P, B of first appearance for these commands. The
C command, which generates phase space flow lines, must follow R and A; if the flow lines are to take account of the collective
potentia produced by abunch, it must follow P and B also. Other commands can usually be ordered arbitrarily.

2.2 Commands

The principa functions of the program are activated by single-character commands appearing in thefirst position of a data
record. Startingin the fifth positionis an optiona character field which serves to annotate the dataset itself and appears in the
program output as a useful indication of the motivation for each step. The commands initiate a problem data read and/or an
action upon availabledata. If dataare requested by a subroutineinvoked by the command, datain NAMELIST formwill follow
in the next record(s). Character stringslike the plot title or the names of auxiliary files are read as string variables. Exceptions
are the file names for the save/restore commands (S and G) which are read with an A format and possibly data requested by
user-written SHAZAM routines (0 — 9 commands).

The datarequested or processinitiated by acommand isrelated to aseparable subsystem of the accel erator or adistinct phase
of the calculation. The course of program execution is governed by the order of the commands in the data stream; that is, the
program iswhat is sometimes called “data-driven”. Since the data are stored in functionally segregated common blocks, any
subroutine that declares the appropriate common has access to any input datum.

1There are exceptions where a parameter is reset after it hastaken effect to avoid undesirable repetitions.



Commands are listed below in four groups. Thefirst group consists of the commands that will appear in almost every prob-
lem data set. They are listed in the order in which they are generally used. Interesting calculations may be made using these
commands only. The second group contains commands for additional output options. Those in the third group invoke special
caculations, including, if desired, ones written by the user. The fourth group consists of a save/restore pair for the entire state
of the cal culation and a dynamic memory allocation command. Commands with strong order dependence are underlined. Inthe
description of acommand the first letter of a keyword isindicated in bold face to call attention to an association between the
command character and itsfunction. Because of evolution of the code over twenty years some of the mnemonic connectionsare
abit weak, but it is useful to resurrect old files occasionally. Thus, continuity isthe more important consideration.

List of Commands

R read inthelattice (Ring) parameters, magnetic field ramp, problem energies, etc. according to NAMELIST /RING/.
A read intheradio frequency (Acceleration) parameters according to NAMELIST /RF/.

P Populate the phase space with the initial distribution described by parameters read according to NAMELIST /POPULS8/.
O Select graphical Output optionsusing parametersin NAMELIST /GRAPH/.

T Track distribution according to parameters read in NAMELIST /CYCLE/.

Q Quit the program.

D Display graphical output.

W Write comment into printed output.

H Select quantitiesto be plotted from History records according to NAMELIST /HISTRY/.

M Save azimuthal histograms of distributionfor composition of M ountain-range plot.

N Plot mountain-range data.

L Set Low-level parameters (to control feedback, transition phase change, etc.) in NAMELIST /LLRF/.

B Setup collective potential calculation; read in Beam parametersin NAMELIST /SCHG/.

F Setup the fast Fourier transform of the theta distribution, control parametersin NAMELIST /FFT/.

C Form flow line Contours at time intervals or asinitial distribution, control parametersin NAMELIST /FLOW/.

K Kill al or selected parts of the phase space distribution according to control parameters in the NAMELIST /KUTY.

0-9 Enter subroutine SHAZAM a SHAZAM, SHAZAM1, SHAZAM?2, ... to manipulate any quantity in COMMON storage
in the program.

Y Allocate memorY to certain arrays according to input datain NAMELIST /MEMORY /.
S Savetracking and control data.

G Get tracking and control data from a previousrun.



22,1 R Command - Latticeparameters

R Command, Namdlist /RING/

Default
Variable Vaue Unit Description
REQ None m The reference radius for the central orbit
GAMTSQ None - Square of transitiony (< 0 accepted)
ALPHA1 0.0 - Coefficient of (Ap/p)? in series expansion for length difference between particle
trajectory and reference orbit
ALPHA2 0.0 - Coefficient of (Ap/p)3 in seriesfor path length difference
ALPHA3 0.0 - Coefficient of (Ap/p)? in seriesfor path length difference
WOl None MeV Kinetic energy on the central orbitat T = TI
WOF 0.0 MeV Kinetic energy on the central orbitat T = TF (seetext)
POI None MeV/c | Momentum onthe central orbitat T = T1I
POF 0.0 MeV/c | Momentum onthe central orbitat T = TF (see text)
TI 0.0 S Start time of magnetic field change
TF 0.0 S End time of magnetic field change
TSTART 0.0 S Time at which tracking begins
FRAC 1. - Determines azimuthal periodicity, calculation restricted to —180° /FRAC < ¢ <
180°/FRAC
NCAV 1 - Number of rf locations (default usually adequate)
PIPRAD 1.0 m Radius of beam pipe for particleloss
EBDRY F - Switch to set absorbing beam pipewallsat REQ + PIPRAD
DES 0.0 MeV Constant energy offset of synchronousorbit relative to reference orbit
KURVEB 1 - Magnetic field ramp from WOI to WOF or POl to POF:
1-Linear
2 —Increasing parabolic
3 —Biased sinusoidal (Seetext for definitions CRA, CRB, CRC, TR3.)
4 — Arbitrary ramp table read from file given by FILRMP
5 — Parabolic with final dope WOFDOT
6 — Parabolic with fina dope POFDOT
7 — Cubic with zero initial dope and curvature
8 — Decreasing parabolic
CRA 0.0 - Time shift of first harmonic of KURVEB=3 ramp
CRB 0.0 - Relative amplitude of second harmonicin KURVEB=3
CRC 0.0 - Time shift of second harmonic for KURVEB=3
TR3 0.0 S Half-period of fundamental for KURVEB=3; TR3=0. = half-period = TF-TI
WOIDOT 0.0 MeV/s | Slopeof parabolic ramp a Tl (KURVEB=5)
WOFDOT 0.0 MeV/s | Slopeof parabolicramp at TF
POIDOT 0.0 MeV/c/s | Slope of parabolic ramp at Tl (KURVEB=6)
POFDOT 0.0 MeV/c/s | Slope of parabolic ramp at TF
INRAMP F - Establishes starting point of ramp as point at which program finds itself—for
smoothly piecing ramp segments together
FILRMP 'DUMMY’ - Name for file containing ramp table (KURVEB=4) (see 3.2.3)
GMAIMP F - Set y;-jump on (See text for compatibility.)
KINDG 1 - Type of v, variation: 2
1—Linear (yy= GAMPAR(1) + GAMPAR(2) * T)
2 — Decreasing exponential
(7;= GAMPAR(1) + GAMPAR(3) * (1 — e~ T/GAMPAR(2)) )
GAMPAR(1:3) 0.0 - Coefficients for v, variation (real v, only)
CHGNO 1.0 - Charge of beam particlein units ||
EMOCSQ 938.27231 MeV Rest energy of beam particle

aT = 0 corresponding to time at which R command is invoked with GMAJMP = . TRUE.

The members of NAMELIST /RING/ are stored in COMMON /RINGP/ by SUBROUTINE RINGPAR, which also derives
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guantitiesdepending only on lattice parameters. It ispossibleto distinguishthe reference tragjectory, of energy Eq, from the syn-
chronoustrajectory, of energy Es, by specifying an offset DES from the reference energy. An example of asimple R command
is

$RING REQ=1000. GAMTSQ=351.56 WO0I=150000. FRAC=159. $END

in which the lattice is characterized simply by aradius, v; value, and a field which corresponds to a reference energy of 150
GeV. FRAC isuseful for restricting the range of consideration of ESME to a suitable period of thering. Inthiscase, since WOF
is not specified, thedefault, WOF = 0.0, indicates that the guide field does not change. In addition, the start timefor thisrunis
taken to be zero. Noticethat it ispossibleto treat alattice with imaginary v, simply by entering anegative value for GAMTSQ.

There is some subtlety associated with the use of the FRAC parameter. Notethat it isareal quantity but meaningful only
for integer values. It has as one effect the setting the fundamental for FFT'sto FRAC x the beam circulation frequency. (See
Secs. 2.2.12 and 2.2.13 on the B and F commands.) A typical useisto caculate theresultsfor afull ring by followingasingle
bunch with FRAC equd to the harmonic number.

For time < TI the energy of the reference orbit is taken to be WOI, while for time > TF the energy of the reference orbit
is WOF. Either or both quantities WOI,WOF (kinetic energy) may optionally be replaced by POI,POF (momentum). Note that
PIPRAD has no effect unlessEBDRY = T.

Resonant fast cycling synchrotronslike the Fermilab booster have a practically sinusoida ramp

B(t) = Bi + (Bf — By) [1 — cos (wtt — 4 )] /2

F—ti

This is the curve one gets for KURVEB=3 if the four constants CRA, CRB, CRC, TR3 in the R command are al left a the
default value of zero. Take atimevariablex = (¢ —¢;)/(T" — t;) in which the half period T isTR3for TR3# Oand ¢t — ¢;
otherwise. The full expression for KURVEB=3is

—cos7(z + a) — beos2w(x + ¢) + cos wa + bcos 2me

B(t) = Bi + (B — B)) 2cosTa

ThefractionisOforx = 0 and 1for z = 1. The dataitem CRB isthe constant b in the above expression; it allowsthe addition of
second harmonic for such purposes as reducing rf power requirements for the cycle. The constant « (CRA) permits starting the
ramp with a slope as one might want to do simulating injection starting before B = 0. CRC could be used to move the second
harmonic aong with thefirst or, perhaps, to turn the cos into asin. The half-period value TR3, if specified, alows the use of
sinusoidal ramps with atime scal e independant of the times Tl and TF bounding the period in which the curve isused. Notice
that if the half-periodisnot ¢y —t;, By isnot the magnetic field at the end of theramp; it israther the maximum value, the value
thefield will have at t=T.

Perhaps the KURV EB=7 option seems a little obscure. This curve segment has been used to represent what is called the
voltage parabolafor the Fermilab main ring power supplies, which did not liketo turn on with afinite voltage s ope; presumably
other high current supplies have similar properties.

If the ~-jump option has been invoked, then the v is varied until the R command isissued with GMAJMP = F; it applies
only toreal ~;. Itisaspecia purposeoption (euphemism for kluge) whichisincompatiblewithall other uses of the R command.
If it is necessary to change other lattice parameters at the time when a y,-jump is also to be initialized, the ordinary lattice
parameters should be entered in afirst R command with GMAJMP = F; thejump should then be set up in a second command
with GMAJMP = T.

Occasiondly itisuseful to model the stepsimmediately preceding and following atransfer between acceleratorsinasingle
ESME run. If al of the parameters for the second machine are included in new R, A, B, etc., the smulation will proceed from
machine to machine. The distributionwill be scaled in ¢ to account for change in the reference orbit radius R ..
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2.2.2 A Command - RF parameters

A Command, Namdist /RF/

Default
Variable Vaue Unit Description
NRF 1 - Number of active RF sources
H(1:10) 1 - Harmonic numbers of sources (integers)
HW(1:10) 1 - Voltage sources will be expressed over the range —180° /HW < 6 < 180°/HW
to produce isolated buckets or barriers
ISYNC 0 - Indicates synchronism condition to be imposed on RF:
0 — None, voltages and phases remain as programmed
1 — Phase of RF waveform shifted to synchronous stable point
2 — RF amplitude scaled to give synchronous energy with no change of phase
3 — Source 2 Landau cavity to source 1, synchronism assured only for sources 1
and 2
VI1(1:10) 0.0 MV | Voltageof sourcel at time TVBEG(])
VF(1:10) 0.0 MV | Voltageof sourcel at time TVEND(I)
TVBEG(1:10) 0.0 s Time corresponding to beginning of RF voltage change
TVEND(1:10) 0.0 s Time corresponding to end of RF voltage change
KURVE(1:10) 0 - Specifies type of RF voltage variation between times TVBEG and TVEND:
0—None, voltage maintained at V(1)
1-Linear
2 — |so-adiabatic
3—Sigmoid
4 — Fit and cubic spline interpol ation of voltage table?
5 —Parbolic, initial dope zero
VKON T - Indicates whether programmed voltage curves are to be active
PSI1(1:10) 0 deg | Phaseof sourcel at time TPBEG(I)
PSIF(1:10) 0 deg | Phaseof sourcel at time TPEND(I)
TPBEG(1:10) 0.0 s Time corresponding to beginning of RF phase change
TPEND(1:10) 0.0 s Time corresponding to end of RF phase change
KURVP(1:10) 0 - Specifies type of RF phase variation between times TPBEG and TPEND:
0 - None, phase maintained at PSII(I)
1- Linear
2 - Quadratic
4 - Fit and cubic splineinterpolation of phase table®
PHKON F - Indicates whether or not phase curves are to be active
FRI(1:10) 0.0 MHz | Freguency of sourcel at time TFBEG(l)
FRF(1:10) 0.0 MHz | Freguency of sourcel at time TFEND(I)
TFBEG(1:10) 0.0 s Time corresponding to beginning of frequency change
TFEND(1:10) 0.0 s Time corresponding to end of frequency change
KURVF(1:10) 0 - Specifies type of frequency variation between times TFBEG and TFEND:
0 - None, frequency maintained at FRI(I)
1- Linear
2 - Quadratic
3- Sigmoid
4 - Fit and cubic splineinterpolation of frequency table®
FRKON F - Indicates whether frequency curves are to be active
FILCRV 'DUMMY’ - Full path for rf curvesfile
CNTINU(2:10) F - Setsthe starting voltage, phase and/or frequency for the corresponding sources to
the current values — for smoothly piecing curve segments together
VMATCH(1:10) F - For source |, VMATCH(I) = T resultsin the VI(l) being set so that source | is

matched to the current distribution emittance °

aFit to valuesread from file. See Section 3.2.2.
bwhich means, in thisinstance, that a P command, or its equivalent, should precedethe A command.
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| A Command, Namelist /RF/, continued |

Default
Variable Vaue Unit Description
HOLDBH F - Switch to calculate the voltage of principal source? to hold the current bucket
height. (see also HDECR)
HDECR 1.0 - Factor by which bucket height for principal source® isto be adjusted on successive
iterationsif HOLDBH = T
HOLDBA F - Switchto calculate thevoltage of principal source® to hold thecurrent bucket area.
(see dso SDECR)
SDECR 1.0 - Factor by which bucket areafor principal source® isto be adjusted on successive
iterationsif HOLDBA =T
PHISLIM .95 - Voltagemay not be reduced such that sin ¢, > PHISLIM usingoptionsHOLDBH
and HOLDBA
PHSLIP F - Switchindicating that the phase of at |east one sourceisto be varied to correspond
to an energy offset from the synchronousvalue (see DELTRF)
DELTRF(1:10) 0.0 - Energy offset (AE) at which source | isto be operated

aThe constant bucket area or bucket height is calculated from the rf source which givesthe greatest bucket height.

The members of NAMELIST /RF are read in SUBROUTINE RFPROG, and stored in COMMON /RFP/. Up to 10 inde-
pendent voltage sources may be specified. An example of asimple A command is

| $RF H=1113 VI=.100 PS|1=-55.0 $END |

Here, onevoltageis specified by aminimum set of parameters. Notethat H(I) isaninteger (asisHW(1)). Since RF mani pulations
are at the heart of ESME, this command can become rather lengthy and involved; the example given above is exceptiona ly
brief. Asin the case of the magnetic field ramp, specified in the R command, the relevant quantity is maintained at theinitial
value at times prior to the start of a programmed variation, while at times after the end of a programmed curve, the quantity is
maintained at the final value. Thismakes it easier to specify multiple curvesin unequal time steps. Particular attentioniscalled
to the CNTINU parameters which help join segments smoothly by setting initial values to current values.

The values of the programmed phase curves are to be distinguished from the phase of agiven harmonic at the synchronous
particle, though they may bethe same. For example, auser could represent any periodicwaveform (in aFourier expansion of up
to 10 terms) simply by specifying the correct rel ative phases and amplitudes of the voltages. The waveform could be modified
over time by specifying the variations of the voltages, phases, and/or frequencies.’ Generally, the user will specify that the
program search for a synchronous point on the resultant waveform. Option ISYNC = 1 will result in the program searching for
astable value of the phasg, stored internally in the program as PHI S, a phase at harmonic number one, and output as degrees of
shift of the sum voltage waveform. Option ISYNC = 2 will cause the resultant waveform to be scaled to give only the correct
magnitude of voltageat the synchronous particle, not necessarily at a stable dope, sincethe phases of the voltage sourcesremain
at their programmed values. The Landau cavity option, ISYNC = 3, will vary the phases of voltage sources 1 and 2, and the
magnitude of voltage source 2, so that the first and second derivatives of the voltage vanish at the synchronous particle. The
phases and magnitudes of other voltages are not altered, though they will be included in theiteration of the difference equation
if NRF > 2. Asnoted in the table, the options activated by HOLDBH and HOLDBA are calculated from the bucket height
or bucket area respectively of the system which gives the greatest bucket height, considered to be the principal system. The
voltagesfor all systems are scaled by theratio found for the voltage of the principal system. These optionsprovidean extremely
convenient way to generate automatically a reasonable voltage program for any ramp curve. They require |ISYNC=1.

2In casesin which afrequency and a phase variation are specified for the same source, the phase variation takes precedence.
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2.2.3 P Command - Initial distribution parameters

P Command, Namelist /POPL8/

Variable

Default

Vaue Unit

Description

KIND

1 -

Choosesthe type of distributionto be generated:

1-Rectangular outline, NTH by NE points, limited by THMIN, THMAX, REMIN,
REMAX

2-Uniform rectangular grid NTH by NE, limitsasin KIND = 1

3-Random uniform distribution of NPOINT pointswithin rectangular limitsasin
KIND =1

4-Random uniformin 6, limits THMIN, THMAX; Gaussian in E, REMIN, RE-
MAX = +20, NPOINT points

5-Gaussianin @, THMIN,THMAX = +2¢; random uniformin E, limitsREMIN,
REMAX, NPOINT points

6—Rectangular grid, regular in 0, Gaussian in E, NTH by NE points

The remaining distribution types, except for 11, 12, 15, and 20 are matched, the
distribution limited by a contour of SBNCH eVs.

7-Bunch outline of NPOINT particles

8-Regular grid of approximately NTH by NE particles

9-Random uniform bunch of NPOINT particles within contour

10-Bi-Gaussian distribution of NPOINT particles, 95% within contour
11-NPOINT uniformly spaced particleson flow linesjust above and bel ow bucket
boundary

12-NPOINT particles, random uniformin E, limits REMIN,REMAX, parabolic
ind, limitsTHMIN,THMAX

13—Parabolic distribution of NPOINT particles

14—FElliptica distribution of NPOINT particles

15-NPOINT particles, random uniformin 6, limits THMIN,THMAX; parabolic
inE, limitsat REMIN,REMAX

16-NPOINT particles within matched contour, |ow-noise uniform quasi-random
17-NPOINT particles within matched contour, |ow-noise gaussian quasi-random
18-NPOINT particlesin matched contour, low-noise uniform pseudo-random (So-
bel sequence)

19-NPOINT particles in matched contour, low-noise gaussian pseudo-random
(Sobel sequence)

20-NPOINT particles, pseudo-random within
THMIN,THMAX

21-Read particle coordinates from file FILDST into asingle partition

22—Place a pointer particleat THMIN,REMIN and one a THMAX,REMAX, in
Seperate partitions

limits REMIN,REMAX,

NPOINT

1 -

Number of particles generated for all distributionsexcept KIND = 1,2,6,8,in
whichNTH and NE are used

NTH

2 -

Number of grid pointsin ¢ direction

NE

2 -

Number of grid pointsin E direction

THMIN

900 deg

Lower 6 limit on rectangular distributions

THMAX

900 deg

Upper 6 limit on rectangul ar distributions

REMIN

None MeV

Lower energy limit on rectangular distributions; relative to the synchronous en-
ergy, ES

REMAX

None MeV

Upper energy limit on rectangular distributions
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| P Command, Namelist /POPL8/, continued

Default
Variable Vaue Unit Description
SBNCH 0.1 eVs | Areawithinlimiting contour
IPOP 1 - Specifies RF source for generating bunch limiting contour:
0-All active (NRF) sources
I-Sourcel (1 <1< NRF)
THOFF 0.0 deg | Amount to displacedistributiongenerated in current call to POPUL8in 6 direction
EOFF 0.0 MeV | Amount to displace currently generated distributionin E direction
THTRAN 0.0 deg | Amounttodisplaceall particles(generated inthisand previous callsto POPULS8)
in @ direction
ETRAN 0.0 MeV | Amount todisplace al particlesin E direction
WINJ 0.0 MeV | Kinetic energy of injection; if both WINJ and PINJ are at the 0.0 default value,
injection energy is F, of the centrd orbit
PINJ 0.0 MeV/c | Injection momentum, alternative to WINJ above (q. v.)
PARTION F - Partition distributioninto separate classes;? each separate use of the P command
with PARTION = T introduces a new partition
RENORM F - Calculate ANORM for matched bunch so that EPSILON = SBNCH. RENORM
isreset to .FALSE. at each use.
FILDST 'DUMMY’ - Name of afile containig acoordinate pair count and coordinate pairsin succeeding
records for KIND=21

aDifferent classes of particles may be plotted with distinct symbols.

The members of NAMELIST /POPL8/ are read in SUBROUTINE POPULS8, and stored in COMMON /POPLATE/. To
popul ateabi-Gaussian distributionof 100 particles, with an emittance (95%) matched to RF source 1 of .02 eV-s, the P command
would be

‘ $POPL8 KIND=10 NPOINT=100 | POP=1 SBNCH=.02 $END ‘

For multi-bunch simulations, in which several distributionsare needed with the same parameters but in different positions, itis
sufficient to simply re-issue the P command with only the desired position offset. For example

[ $POPL8 THTRAN=45.0 ETRAN=0.0 $END |

Since NAMELIST members which do not appear in the input remain unchanged, one can limit the input by giving only the
parameters with changed values. In particular, THTRAN and ETRAN make it unnecessary to explicitly declare the position of
each group of particles.

Setting RENORM .TRUE. will result in theinclusion of afactor inthe emittance which scales the rms emittance of theintial
bunch toits SBNCH value. So long as the bunch form remains similar, the emittance so cal cul ated gives an approximate value
for thetota bunch area. Generally it seems safer to use the unscaled rms emittance.

An arbitrary distribution can be read from an externa file named by the string variable FILDST by using KIND=21. The
file has the particle count in thefirst record and coordinate pairsin succeeding records. Another somewhat special distribution
isindicated by KIND=22, a pair of pointseach given a separate partition. These pointsmay be placed arbitrarily at coordiates
given by THMIN,REMIN and THMAX,REMAX to mark special locations. A SHAZAM test onthe alignment of these pointers
can be asimple way to achieve precise timing.
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2.24 O Command - Graphical output options

O Command, Namelist /GRAPH/

Default
Variable || Value Unit Description
MPLOT || 1000 - Output every MPLOT iterations
POSTP F - Writeal datain COMMON blocksto unit 18; do not call plotting routine.
TITL exists - String of up to 50 characters for plot headings
PLTSW Select plot options:
(@D} T - Draw phase space plot
2 T - Plot phase space points (different symbol for each class)
3 F - Interconnect pointswithin each class
4 F - Draw linesat centroid and +o
(5) F - Draw voltage waveform
(6) F - Set plot boundariesto turning points of contour
(7 F - Suppress captions, axis labels, etc.
(8) T - Plot 6 histogram
9 F - Set ¢ histogram limitsto turning points of contour
(20 T - Plot E histogram
(1) F - Set E histogram limitsto turning points of contour
(12 F - Plot fourier amplitudes
(13) F - Include phases in plot of fourier spectrum
(15 F - Plot the readl and imaginary impedance from the input
an T - Start bucket contour at unstable fixed point @
(18) T - Start bucket contour above stable fixed point at E = Eg + Hy,cke
(19 F - Plot flow line points (different symbol for each class)
(20 F - Interconnect flow line pointswithin each class
(21) F - Bunch perf. cond. wall voltagevs. ¥
(22) F - Include distributionin previous plot
(23) F - Wake field (time domain) voltagevs. ¥
(24) F - Include distributionin previous plot
(25) F - Frequency domain voltagevs. 4 (inc. perf. cond. wall if FDSCON =T)
(26) F - Include distributionin previous plot
27 F - Voltage from special time domain cal culation for resonators em vs. ¢
(28) F - Include distributionin previous plot
(29 F - Create don’t-plot area in phase plane defined by four pointsP
(30) F - Create don’t-plot areain phase plane defined by matched contour®
(3D F - PLTSW(31)=T defines don’t-plot area outside closed figure
NPIMP 1 - In phase space plot, plot only every NPIMPth point
KLPLOT 0 - Select classes in phase space plot and projections (see Sec. 2.2.3)
0 — All classes plotted
1 < KLPLOT < KLASSES — Plot class KLPLOT only
IRF 1 - Selects voltage source for contour plotting:

< 0 — No contour plotted
0-All active (NRF) sources
1-10 — Source IRF (1 < IRF < NRF)

aAt least one of PLTSW(17) or PLTSW/(18) must be true for ICONTUR=1 else program sets both .TRUE.
bsee definitions of THEXCMI, THEXCPL,DEEXCMI,DEEXCPL
Csee definition of SEXCL
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O Command, Namdlist /GRAPH/, continued

Default
Variable Vaue Unit Description

ICONTUR 1 - Select the type of reference contour to plot on phase space plot?
0 — No contour

1 — Bucket contour

2 — Contour of initial bunch area SBNCH

3 — Contour of the specified area REFAREA

4 — Contour containing 95% of the particles

5 — Flow lines chosen by LINES and STVAL

REFAREA 0.1 eVs | Areaof reference contour for ICONTUR =3

LINES 1 - Number of flow linesfor ICONTUR =5

STVAL 0.,0. b Starting values for contours, LINES coordinate pairsin 6, £

THPMIN 0.0° deg | Lower 4 limit for phase space plot

THPMAX 0.0° deg | Upper @ limit for phase space plot

DEPMIN 0.09 MeV | Lower E limit for phase space plot

DEPMAX 0.0¢° MeV | Upper Elimit for phase space plot

|EREF 1 - Determines energy origin for phase space:
1 — EQ, thereference energy (often = ES)
2 — ES, the synchronous energy

3 — EBAR, the average particle energy

4 — EREF, thereference particle energy®

NBINTH 50 - The number of binsfor the 6 histogram

THBMIN 0.0" deg | Lower limitfor @ histogram

THBMAX 0.0¢ deg | Upper limit for  histogram

NBINE 50 - The number of binsfor the E histogram

EBMIN 0.09 MeV | Lower limit for E histogram

EBMAX 0.0/ MeV | Upper limit for E histogram

IFBMIN 1 - Lower limit for FFT plot - If specified, specify IFBMAX also

IFBMAX o - Upper limit for FFT plot

CVBMIN 0.0 deg | Lower @ limit for al collective voltage plots

CVBMAX 0.0" deg | Upper limit for all collective voltage plots

THEXCMI 0. deg | Lower thetavaue defining rectangular don't plot area

THEXCPL 0. deg | Upper thetavalue defining rectangular don’t plot area

DEEXCMI 0. MeV | Lower energy value defining rectangular don’t plot area

DEEXCPL 0. MeV | Upper energy value defining rectangular don’t plot area

SEXCL 0 eVs | Areaof matched contour defining adon’t-plot area

DTHCURV 0.0 deg | Amount by which contour will be moved in ¢ direction

DECURV 0.0 MeV | Amount by which contour will be moved in E direction

3For ICONTUR =0 or 5, the SBCKT and HBCKT values are calculated from the principal rf system only, the system producing the greatest bucket height.
bStarting valuesfor contourshave units degrees MeV.

STHPMIN and THPMAX both 0.0 resultsin aplotting range —180° /FRAC < 6 < 180°/FRAC.

dDEPMIN and DEPMAX both 0.0 resultsin a plotting range approximately the range of particle energies

€A particle which ESME tracks from the origin (0,ES) as areference.

fL_imits of 0.0 for both THBMIN and THBMAX result in the plot range being the same as for the phase space plot.

9Limits of 0.0 for both EBMIN and EBMAX result in the plot range being the same as for the phase space plot.

PIFBMAX = 0 resultsin the upper limit being the greatest Fourier harmonic computed.

iLimits of 0.0 for both CVBMIN and CVBMAX result in the range for the plot being +180° /FRAC.
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| O Command, Namelist /GRAPH/, continued

Default
Variable Vaue  Unit Description
DELCON 01 - Determine bucket to precision DELCON*360° w/ RF
KNTLIM || 500000 - Number of iterations of difference equation which will be attempted to close con-

tour

XCRNR 135. 0.001 | Fraction of full width of plot frame between lefthand edge and | eft side of plot
YCRNR 69.0 0.001 | Fraction of full height of plot frame between bottom edge and bottom of plot
XAXISL 750. 0.001 | Plot width as afraction of frame width

YAXISL 475. 0.001 | Plot height as afraction frame height

The members of NAMELIST /GRAPH/ are read in SUBROUTINE GRAFSET, and stored in COMMON /GRAFIX/. The
actua graphical output can be generated either during or after processing. The standard distribution of the plotting routines
written specifically for ESME v. 2001 use pgplot.[16] A sample post-processor isdescribed later in Appendix B. Userswishing
to process ESME dataindependently or with different graphics routines may find it of some use.

The options enabled by the O command are largely self-explanatory; the default PLTSW settings result in the output of a
phase space plot of the distributionand the bucket dueto RF source 1, as well as plotsof the projectionsof the distributionaong
the 6 and E directions. An example of an O command requesting such output every 100 turns could be

$GRAPH MPLOT=100 THPMIN=-10.0 THPMAX=10.0
DEPMIN=-25.0 DEPMAX=25.0 $END

in which the limits are appropriate ones chosen by the user. In addition to the graphical output generated as a result of the O
command, the first and second moments of the distribution are computed and output, as well as a number of other system pa-
rameters. The moments included on the plots are derived from the particles which are in the class(es) being plotted and within
the plot limits. The moments printed in the standard output are those for the entire distribution. The default limitsfor many of
the plots serve as flags to the plotting routine to choose reasonabl e limits. Note that the limits of the phase space projection plot
(THBMIN, EBMIN, etc.) are necessary only if they are different from the phase space plot limits. The parameter DELCON is
included to allow the user to either determine the separatrix arbitrarily closely or to save processing time, sincein certain situ-
ations the routine which determines the bucket in ESME is required to perform many iterations of the difference equationsin
order to determine the separatrix to the specified accuracy. In those instancesin which the contour-drawing routineis unaccept-
ably slow (or unable) to find a contour, it may be useful to set KNTLIM to some lower number. The default values (XCRNR,
YCRNR, XAXISL, and YAXISL) give a satisfactory result for landscape orientation on an 8.5 x 11 sheet, but may need to be
adjusted for other devices.

18



2.25 T Command - Track distribution

| T Command, Namedlist /CYCLE/

Default
Variable Vaue Unit Description
TSTOP? 0.0 s | Timeat which to stop tracking

TTRACKP 0.0 s | Duration of time to track

MSTEP 100 - Number of tracking steps (minimum) per synchrotron period
RSCALEO 1.0 - Ratio of time per iteration to circulation period T © — See text!
LGRTHM 1 - Select difference equations used in tracking
1-Compl ete kinematics, expand path length to maximum order using input coef-
ficients ALPHANA

2-Use the simplified difference equation

Vi = ‘r:iil Vin—1+ 27r77%

ITRAP(1:4) 0 - Indicates a condition for which tracking should be interrupted before time indi-
cated by TTRACK or TSTOP:

O-Notrap

1-Trap on minimum bunch width

2—Trap on minimum bunch height

3—Trapfor n = ETATRP (tolerance An/n = £+.01)

4-Trapfor |¢s| = PHISTRP (tolerance A¢s = £.005)

5-Trapfor n > 0 (transition crossing)

10 — 19-Cdl SUBROUTINE SHAZAM, enter & SHAZAM, SHAZAM1,
SHAZAM?2, ... following every iteration of the difference equations

-1 — -10-Cal SUBROUTINE SHAZAM, enter & SHAZAM, SHAZAM1,
SHAZAM?2, ... before every iteration of the difference equations

ETATRP .001 - For ITRAP = 3; tracking stopped when n = ETATRP

PHISTRP .95 - For ITRAP = 4; tracking stopped when | sin ¢s| = PHISTRP
MGRACE 0 - Allow a“grace period” of MGRACE turns beforetrapping conditionsare checked
HISTRY F - Write history recordsto logical unit 9 during tracking®

HISTSIZ 104 - Approximate number of history records for one execution of T

BBDRY F - Remove particles tracked outside of region —180°/FRAC < 6 < 180°/FRAC
NOBDRY F - Allow particles to move to phases outside of region —180°/FRAC < 0 <

180°/FRAC

aTSTOP is set to 0.0 when tracking is completed, or interrupted by an ITRAP option.
bTSTOP takes precedence; if TSTOP=0.0, then TTRACK determines duration of tracking.
¢Scaling with RSCALEO > 1 limited by MSTEP

dSee R command

€See Section 3.2

The members of NAMELIST /CYCLE/ are read in SUBROUTINE CYCPROG and stored in COMMON
/CYCLP/. Theoptionsinthe T command direct the flow of processing in SUBROUTINE CY CPROG, which iterates the dif-
ference equationsfor the particles. A typical T command line might be

| $CY CLE TTRACK=.001 LGRTHM=2 HISTRY=T $END |

inwhich tracking with accumulation of ahistory fileis specified for .001 seconds of simulated time using the simplified form of
the difference equations. Notethat either TSTOP or TTRACK may be used to specify the duration of tracking, though TSTOP
takesprecedence. Also, sinceaninterruptionintrackingby an I TRAP option(for ITRAP < 6) resultsin TSTOP being set equal
t0 0.0, the stop time must be re-specified in asubsequent T command. Any conditionwhich haltsor interruptstrackingischecked
at most once per titeration, so tracking duration may be dightly longer than specified by TSTOP or TTRACK. Four ITRAP
variables are provided to alow for multiple traps and/or calls to SHAZAM routines during tracking. If 10 < ITRAP < 19,
then a call is made to the corresponding SHAZAM entry point following every turn (or RSCALE turns, if RSCALEO # 1).
Similarly, for —19 < ITRAP < —10 aSHAZAM cdll is made at the beginning of an iteration, immediately preceding the
loop over individual macroparticles. Tracking is not interrupted by these calls unlessthe SHAZAM routineitself failsto make
anormal return. The ITRAP values 1 —7 may also be of either positive or negative sign with the effect that the trap condition
is checked respectively after or before the iteration of the map, a choice that will only rarely have significance.
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The parameter RSCALEQ is extremely effective in reducing calculation time in large scale multiparticle models.[1] The
effect isafactor of RSCALE**-4 in time used for arather wide class of problems. See the reference cited for the concept and
limitations. An appropriate choice can be two or greater; RSCALEOQ (input datum) islimited to RSCALE (program parameter)
according to MSTEP to prevent extreme over-scaling. If nothing is done but setting RSCALEQ, the calculation timeis cut by
1/RSCALE. The further gains require reducing the number of macroparticles, a subject which istreated in the reference.

There are three parameters which affect how much of the azimuth is actually mapped and what happens if a macroparti-
cle tries to leave the mapped region. If FRAC in the R command is greater than 1. the map is applied to 1/FRAC of thering
centered on ¥ = 0°. The boundary (including the boundary at +180° for FRAC=1) is normally trested as periodic so that a
macroparticle exiting on one side reappears on the other boundary. This nicely mimicsafull ring of identical bunches by track-
ing asinglebunch when FRACistaken equal to the harmonic number H. Another choiceisto dispose of macroparticlesreaching
the boundaries; this optionis selected by setting BBDRY to .TRUE. Finadly, it may be desirable under some circumstances to
allow macroparticlesto moveto |¢] > 180°. This choiceis selected with the switch NOBDRY. Thisis not the reccommended
standard mode; if you need it, you will recognize that by the results without it.
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2.2.6 Q Command - Quit

The Q command directs ESME to cease processing. No more commands are read.

2.2.7 D Command - Display

The D command directs ESME to generate graphical output at the point at which the command isissued. The form of the
output is specified by the most recent O command. The D command is useful for generating output at a particular point in a
calculation, since the O command itself only provides output every MPLOT turns.

2.2.8 W Command - Write comment

The W command simply directs the program to echo the characters following W (on the same line and after four spaces) to
the standard output. It is intended to provide the user with the ability to insert comments into an input dataset which appear as
comments in the output file also.
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229 H Command - History output

| H Command, Namelist /HISTRY/ |

Default
Variable Vaue Unit Description
NPLT(1:2,1:50) 0? - Index of element in history records; NPLT(1,1) isindependent variable, NPLT(2,1)
is dependent variable
Resl records:
1-Time
2 — PHIS, the synchronous phase on same scale as 9°
3—PDOT, dp,/dt
4 -THBAR, the mean value of 6 for the distribution
5—-EBAR, the average energy of the distribution
6 — THRMS, therms spread in 6 of the particles
7 —ERMS, the rms energy spread
8 — ES, the synchronous energy
9 — EOQ, the energy on the reference orbit
10-ESEO
11 — THREF, the azimuth of a particletracked from (0,ES)
12 — EREF, the energy of a particletracked from (0,ES)
13— EPSILON, the emittance®
14 — NUS, the synchrotron frequency
15— SBCKT, the RF “bucket” areafor principal system ¢
16 — HBCKT, the RF “bucket” height for principa system
17-ETA, 7;2 — 2
18 — RSCALE; see T command
19— TAU, synchronous revol ution period
20—-PSIADD, phase feedback; see L command
21 - DAMPL, voltage feedback factor; see L command
22 —DELR, synchronous orbit radius - reference orbit radius
23 - VPKFD, pesk voltage from collective potential in frequency domain
24 —VVPKTD, peak voltage from collective potential in time domain
25 - VPKHQ, peak voltage from resonances in time domain
26 — BNCHFCT, bunching factor (I) /I
Integer records:
31-ITERATION NUMBER
32 —KNTSC, number of particlesin e, # 0 partition of distribution
Array records:
51-100 — SPARE(1-50)
101-110-EV(1-10)
111-120 - PSI(1-10)
121-130 - FREQ(I)-FRI(1), Change in frequency of source |
201-250 — FAMPL (1-50), Fourier amplitudes; see F command
251-300 — FAZE(1-50), Fourier phases; see F command
NWRT(1:2,1:50) 0 - Indices of el ementsin history records; workslikeNPLT but writesrecordsto FOR-
TRAN UNIT 19
XCRNR 135. 0.001 | Fraction of full width of plot frame between lefthand edge and |eft side of plot
YCRNR 69.0 0.001 | Fraction of full height of plot frame between bottom edge and bottom of plot
XAXISL 750. 0.001 | Plot width asafraction of frame width
YAXISL 475. 0.001 | Plot height as afraction frame height

3The default value of 0 indicatesto SUBROUTINE HISTORY that all of the desired history plots have been generated, so only the first set of consecutive
nonzero entries to array NPLT or NWRT will select data.

bSee A command description.

CEPSILON = ANORM T(\/Z 62> E2 — (3 6:E;)?)/N eVs; seetext for ANORM.

dThe principal system is the one which givesthe greatest bucket height.

The members of NAMELIST /HISTRY/ are read in subroutine HISTORY. The emittance EPSILON logged by theH com-
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mand isthe rms area in eéVs. There is a switch RENORM for the P command which controls whether a factor ANORM is
included in the emittance. If RENORM is.TRUE., ANORM isincluded. It is calculated by the P command to scale the rms
emittance of theinitia bunchto thearea SBNCH of the curve used to generateit. If theintial distributionisnot amatched bunch,
setting RENORM will have no effect on the calculated emittance. Such scaling is not a good ideain genera because the factor
iscalculated only for theinitial distribution.

The output produced by the H command, as implied by the smplicity of the /HISTRY/ NAMELIST, is not as flexible as
the output produced by the O command. The user simply specifies pairs of values to be plotted using the indices abovein array
NPLT, and optionally the device number, and the program produces a history plot for each pair of inputsassembled sequentialy
from the entire history record (i.e., there is no choice of arange for any axis). For example, suppose that a simulation has run
for 10,000 turns, and the desired output is a record of the distribution moments vs. time over that period. Then a suitable H
command is

$HISTRY NPLT=1,4,1,5,1,6,1,7,4,5 SEND

which will generate plotsof THBAR, EBAR, THRMS, and ERM Svs. time, aswell asa plot of EBAR vs. THBAR. Thefortran
array index convention is exploited to avoid explicit reference to the indices; thisis the recommended manner of input.

Because the frequency of write operations to the history tape may be modified by the program and because of a culling
procedure applied to the data points by the plotting routine, not every turn will be included in the plot for very long simulations.
The frequency of the records written to file is governed by the HISTSIZ parameter of the T command which defaultsto 10,
With this value the tracking routine will write arecord every turn if there are fewer than 10* iterations between the time limits
giveninthe T command. Because there can be afew hundred four byte words per record, thisfile can easily be afew MB per
T command. Whether HISTORY plots every record depends on the space available for the plot. This can be increased by the
KMAXPTS parameter of the Y command. For more eaborate plots or, perhaps, for analysis, anything which can be plotted
according to NPLT values can be written to logical unit 19 using NWRT.
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2210 M & N Commands- Save mountain range data & Plot mountain range

M Command, Namelist MRANGE/

Default
Variable Vaue  Unit Description
IPU .TRUE. - Set display to beam current
FASPEC .FALSE. - Set display to fourier amplitude spectrum
FPSPEC .FALSE. - Set display to fourier power spectrum
TMBEGIN 0.0 s | Timeat which to start saving mountain range data
TMEND 0.0 s | Time after which to stop saving mountain range data
MRMPLOT 1 turn | Turninterval at which to record mountain range data
MRNBIN 100 - Number of binsin plot range MRBMAX - MRBMIN
MRBMIN a Minimum abscissa for mountain range
MRBMAX b Maximum abscissa for mountain range

aDefaultsto —180° /FRAC for current pickup data and to one for fourier amplitude or power spectrum.
bDefaults to 180° /FRAC for current pickup dataand NBINFFT/2 for fourier amplitude or power spectrum.

N Command, Namelist / MRPLOT/

Default
Variable Vaue Unit Description
MRPMIN 0.08 - Minimum abscissa value for mountain range plot
MRPMAX | 0.0¢ - Maximum abscissa value for mountain range plot
NTRACE 100 - Number of traces on page
NSKIP 0 - Number of records to be skipped between each trace
TOPTOB 0.7 - The fraction of the vertical range over which NTRACE traces are to be plotted
(approximate if TBASE=T)
SCALE 0.3 - The height of thefirst trace, in unitsin which the entire vertical range of the plot
is1.0
MSTART o° - Iteration number at which to start plots
MSTOP Qv - Turn number at which to stop plots
TMSTART || 0.0° s | Timeat which to start plots
TMSTOP || 0.0° s | Timeat which to stop plots
TBASE F - Switch causing plot trace separation to be proportional to time
NRNBIN 100 - Number of pointsto plot on atrace
SMOOTH 0 - Smoothing option
-1 — 1-2-1 averaging of adjacent bins
0 — No smoothing
1 — Bernstein polynomial smoothing
OBIWGT 0.05 - Weight of fitting term of object function w/ smoothing term for polynomial
smoothing
ITNO 1 - Number of iterationsfor either 1-2-1 or Bernstein smoothing
LIM F - Switchfor plotting dotted lines connecting | eft-most and rightmost non-zero points
of consecutive traces®

aDefaults of 0.0 for MRPMIN and MRPMAX imply datais to be plotted over its entire range; abscissa units are degrees for IPU=T and harmonic number

for FAXSPEC=T.

bThe defaults of 0 for MSTART and MSTOP, or 0.0 for TMSTART and TMSTOR, imply that all mountain range records are to be plotted
CSMOOTH = 1 also required.

N Command, Namdlist /MRPLOT/, continued

Default
Variable || Vaue  Unit Description
XCRNR || 135. 0.001 | Fraction of full width of plot frame between lefthand edge and |eft side of plot
YCRNR || 69.0 0.001 | Fraction of full height of plot frame between bottom edge and bottom of plot
XAXISL || 750. 0.001 | Plot width as afraction of frame width
YAXISL || 475. 0.001 | Plot height as afraction frame height

24




The members of NAMELIST /MRANGE/ are read in subroutine MRINIT and stored in the common block /MRANGE/ in
responsetothe M command. The members of NAMELIST /MRPLOT/ are read in the subroutineMRPLT in responseto the N
command and also stored in/MRANGE/.

TheM and N commands areintended to providepl otssimilar to the display provided by an oscill oscoperecording successive
traces from a beam current pickup, each trace vertically displaced from the previous one. The default display depictsthe time
evolutionof theazimuthal projection of adistributionin amanner which somewhat resembles amountain range, hencethe name.
The M command directsthe program to save the data, whilethe N command directs the program to process the datawhich have
been saved in afileand produce mountain range plots. The M-N combination can a so be used to plot the evolutionof thefourier
amplitude or power spectrum of the beam current. Only one type of plot can be produced at a time, so only one of the switches
IPU, FASPEC, FPSPEC should be set .TRUE. . The setup of the desired range of fourier componentsishandled through either
the F or B commands. If there isno need for the fourier analysis other than the mountain range plot, e. g. no calculation of the
voltage arising from the beam image current or bunch self field, then thevalue of MFFT inthe FFT namelist should be set to the
number of turns between traces MRMPLOT to save on unnecessary evaluations of thefft. A typica pair of M and N commands
might be

‘ $MRANGE TMBEGIN=0.0 TMEND=1.0 MRMPLOT=1000 $END ‘

in which mountain range records are recorded every 1000 turns of tracking from 0.0 to 1.0 seconds, and

[$MRPLOT SMOOTH=1 $END |

which directsthat all of the data accumul ated thus far be plotted in mountain range format with Bernstein polynomia smooth-
ing. The default for TBASE (F) resultsin afixed vertica separation between consecutive traces. If TBASE = T, the vertica
separation between consecutive traces will be proportiona to the time separating their records, better simulating the mountain
ranges normally depicted on an oscilloscope.® The values for TOPTOB and/or SCALE may have to be adjusted to achieve a
satisfactory effect.

If MRNBIN # NRNBIN, thesaved dataistransformed to thecorrect number of binsfor plotting by cubic splineinterpol ation.
This feature is independent of whether the stored distribution is first smoothed. Either Bernstein polynomia smoothing[17]
(SMOQOTH = 1) or 1-2-1 averaging of adjacent bins (SMOOTH = -1) may be used. The spline interpolation can produce some
smoothing depending on the particular NRNBIN and MRNBIN values. The defaults for MRNBIN and NRNBIN will usually
give very smooth plotswith SMOOTH = 1, but the default value of 100 for MRNBIN may betoo large for asparsely popul ated
distributionif SMOOTH = 0. Either type of smoothing may beiterated by raising ITNO. Thetwo techniquesare quitedifferent,
however, and the meaning of iterationisrather different. The Bernstein polynomia smoothingisagloba procedure which seeks
to minimize an object functionwith contributionsfrom both a smoothness measure and a squared fitting error. Iteration attempts
repeated minimizations of this object function. The relative weight given to the fit isincreased by increasing OBJWGT; the
default of 0.05 gives considerableweight to fitting. The 1-2-1 smoothingisalocal weighted averaging. Iterating it broadensthe
span of the averaging giving 1-4-6-4-1, 1-6-15-20-15-6-1, ...smoothing for ITNO = 2,3, ...respectively. (The relative weights
are C21™NO for § = 1,...,2 - ITNO.) Generally some smoothing will be required to make mountain range plots that 1ook
likethose made from an accel erator beam current pickup using an oscilloscope. Typical choices are SMOOTH=-1,ITNO=2 and
SMOOTH=1,ITNO=1.

3In relativistic situations, no differencewill be discerned between the plots generated with TBASE either T or F.
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2211 L Command - Low level feedback parameters
| L Command, Namelist /[LLRF/

Default
Variable Vaue Unit Description
PHFBON F - Activates phase feedback
NTUAVG 1 - The number of past turns to average in computing phase feedback; the default
NTUAVG = 1 corresponds to infinite-bandwidth.
NTURES 1 - The number of turnsfor the feedback to respond; the present signal is compared
to the signal of NTURES turns ago.
ITFB 0 - The form of phase feedback:
0 — Critical damping
1 — Critical damping; gain reduced proportionally to 2 within non-adiabatic in-
terval
2—Fixed
3 —Fixed; gain reduced proportionally to -2 within non-adiabatic interval
FBFACT 1.0 - The gain applied to the phase feedback
USEWT F - Appliesweight function W to phase signal over NTUAV G turns
W(1:NTUAVG) 0.0 - Weight function multiplying phase signa
DLIMIT 5.7296 deg | The upper limit on the magnitude of the phase feedback on a given turn
VFBON F - Activates voltage feedback
VFBFCTR 1.0 - The gain applied to the voltage feedback
VLIMIT A - Limit on the fraction of voltage feedback (DAMPL)
FILBWD 'DUMMY’ - Name of time/bunch length curve for voltage feedback (see text)
ETAIMP 0.0 - The value of n? at which to jump the phase of the RF
a77 — ,\/;2 _ ,\/72

The members of NAMELIST /LLRF/ are read in subroutine LOWLVL and stored in COMMON /FEEDS/. Asin the ac-
celerator itself, one would prefer that some clever person has taken care of the low level system so that the beam behavesin
normal circumstances. The ESME defaults serve this function rather well for a considerable range of applications. There are
timeswhen it isnecessary to take the lid off the black box and deal with grubby details. Most of thissort of thingishandled in
the LOWLVL routine.

The phase feedback, intended primarily to damp dipole bunch oscillations, is computed according to the following formula
for ITFB = 0:

FBFACT Zi-\lleUAVG(Wi(énfi — 0 NTURES i)

T NTUAVG? S NTUAVG 17

where n isthe current turn number, and v, is the synchrotron frequency. For the option ITFB = 1 the gain is reduced within
the non-adiabatic interval around transition proportionaly to 2. For ITFB = 2, v, is removed from the denominator of the
feedback formula above giving a constant-gain feedback, and FBFACT should be reduced to some appropriate value like 4.0 -
10~3 for example. For ITFB = 3 the constant-gain formulaisis reduced in the non-adiabatic interval .

A simple invocation of phase feedback would appear as

PSIADD =

[ $LLRF PHFBON=T $END |

The defaultsimply critical damping. The routine automatically reduces the gain within the non-adiabatic time around transition
proportionaly to v/2; if the feedback gain is an object of study, this function of the routine LOWLVL can be managed by a
user-written SHAZAM.

The voltage feedback, intended to damp quadrupol e bunch oscill ations, operates according to

V) = (1+ (VFBFCTR X (09,0 — 09.n—1— So.n + S9.n-1)/Vs) X Vo1

where n isthe current turn number, o is rms bunch width, ¢ isthe program value for bunch width, v, is the synchrotron tune,
and VFBFCTR isan arbitrary gain. VLIMIT isthe maximum permitted for theratio V! /V,,. Thisratio isthe variable DAMPL
in /FEEDY/, and it may be plotted if desired by using a SHAZAM entry to store it as one of the SPARE variables and using
the History command to plot it. If VFBFCTR is < 0., the feedback may be used to produce a controlled emittance dilution. If
the FILBWD variable is not read in to point to a bunch length curve, the ¢ values are taken as o ; for al time. This default
works fine for a constant fixed bucket or over a period in which thereislittle secular change in the bunch width. The use of a
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target curve for the bunch width isaway of avoiding the difficulty of representing the correct bandpass frequency responsein a
timedomain calculation. Itisinacertain sense an idealized feedback algorithm, but in a programming senseit is something of a
kluge. If onehasacurvegenerating program to producevoltage curves, it can be used to produce the corresponding bunch length
curvefor achosen longitudina emittance. The format for a bunch width curveisafirst line containing an integer specifying the
number of entries to follow with the foll owing entries consisting of two numbers per line giving atime in seconds and a bunch
width at that time. Thetableislimited to 350 or fewer entries. (parameter LTABL in parameters.inc) The program normalizes
the curve so that thefirst time dot hasthevalue of oy a thetime of theL command. Obvioudly if the curveisnot read in at the
time corresponding to the initia point in the table, this could cause a scale error. The default feedback gain is arbitrary; it may
be necessary to adjust VFBFCTR to obtain satisfactory results. All of this may seem alittle awkward and ad hoc, but it really
works very well for reducing shape oscillations after transition, for example.

In ESME2000 the L command contai ned beam |oading compensation features. These have been removed because of a near
impossibility in attaining the kind of generality intended for ESME. The voltages developed by the beam in one or more res-
onators can be studied using thefacilities of the B command; feedback or feedforward compensation can be applied through one
of the shazam routines (commands O - 9). Those wishing to recover the deleted features or develop similar code may want to
look at the example of SHAZAM code
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2212 B Command - Beam-derived potential (self-forceand Z)))
| B Command, Namelist /'SCHG/

Default
Variable Vaue Unit Description
A 0.005 m | Effective beam radius
B 0.05 m | Effective beampipe radius
ENQ 2.-10%0 - | Number of protonsto be represented by the distribution
NBINSC 100 - Number of binsfor histogram of charge distribution
MSC 1 - Collective effects are to be calculated M SC times between rf cavities?
TCHGON 0. S End of period starting at TIME = 0. inwhich beam charge isramped linearly from
0.to ENQ
SCON F - Activate time domain perf. cond. wall calculation
TDON F - Activate time domain wake field cal culation with supplied response function®
FDON F - Activate frequency domain wall impedance calculation
FDSCON F - Activate frequency domain cal culation of perf. cond. wall voltage
QREZON F - Activate time domain cal cul ation for high-Q resonance
NBINFFT 256 - Number of binsto be used in Fourier transform
MFFT 1 - Interval (in turns) between Fourier transforms
NNF ¢ 0 - Number of fourier harmonicsto be stored in history
NF(1:NNF)© 0 - Harmonic numbers of fourier spectrum componentsto be stored
NBRES 1000 - Number of time dices for time domain solution of high-Q resonator
NIXNOIS 0 - Three-way switch to control smoothing of charge distribution

-1 => 1-2-1 averaging of adjacent bins
0 => no smoothing measures
1 => Bernstein polynomia smoothing

ITKNT 1 - Number of iterationsfor either 1-2-1 or Bernstein smoothing

OBWGT 0.05 - Weight of fitting vs. smoothing in object function for Bernstein smoothing
FILIMP 'DUMMY’ - Full path for file containing the impedance table

FILRES 'DUMMY’ - Full path for file containing the resonance list

FILTDB 'DUMMY’ - Full path for file containing time domain response basis

aThe number of such calculations per turn will be MSC*NCAV; NCAV is a parameter of the R command.
bsee Appendix 3.2.6
CFor instruction in the use of NF(1:NNF), seethe description following the F command.

The membersof NAMELIST /SCHG/ areread in subroutineBEAM SC and storedin COMMON /SPCHG/. The B command
controlsfacilitiesin ESME for modeling the interactions of the beam particles with each other through both the direct particle-
particle force and through wake fields excited as a consequence of the interaction of the beam with its environment (vacuum
chamber, rf cavities, etc...). Bothtypes of collective voltage can be calculated in either time domain or frequency domain. For
the perfectly conducting wall term either is convenient and the difference is whether the gradient of the charge distributionis
caculated from alocal derivative or a fourier fit to the entire distribution. If frequency domain is used for the wall externa
impedance, it is much faster to use the fft machinery for the perfectly conducting wall also; set FDON=t for the impedance
calculation and FDSCON for theperfectly conductingwall. If aresponsetoaunit chargetriangular pulseisavailable, onecan use
TDON-=T; thetimedomain perfectly conductingwall caculationisselected by SCON=T. One difference between the perfectly
conducting wall term in time and frequency domain isthat the geometric factor ¢ isrolled off for wavelengths comparable and
shorter than the beam pipe radius in the frequency domain calculations. This refinement is not easily introduced into the time
domain. If the longitudinal impedance is representable by a few resonances, a time domain calculation can be made using a
time domain calculation selected by QREZON=T, which is most accurate for high-Q resonances. Because time domain and
frequency domain can be used together, low-Q resonances can betreated in frequency domain. Sincethe transientsfrom low-Q
impedances decay rather quickly, the impedance approach islikely to be appropriate for them

QREZON will apply tothe calculation of the voltagedueto thoseresonatorsfor which the multipliers(third parameter inthe
resonancefilerecord) are zero. Thecalculationismadeintimedomain andisbased on aGreen’sfunctionfor asimpleresonance.
If thereisone physical resonator in thering, theperiodicity inthe problemisone. Thus, the FRAC parameter for theR command
should be one. If the resonance is associated with therf cavities, and those are distributed (more or less) uniformly around the
ringin NCAV groups, then FRAC = NCAV isthe proper periodicity. (NCAV isaso a parameter for the R command.) Clearly,
for an accelerator with high harmonic number, the cal culation may beimpracticably dlow. The parameter NBRES must belarge
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enough to give severa bins per bunch width even to get the lowest mode of bunch-to-bunch coupling accurately. However,
the time domain machinery is efficient, and it possibleto run caculationswith large NBRES like 107, for a somewhat extreme
example.

The more generd version of the time domain cal culation of the voltage arising from the beam image current flowing in Z,
requires that the user provide afile containing the values of a basis function at aregular tabular interval. The basisfunctionis
the response of the impedance to a unit current moving with the beam velocity distributed in a triangular pulse with base width
twice the the tabular interval.# Except for special cases like a simple resonance, it will be necessary to calculate this response
using atime domain EM program like TCBI. The first record in the basis function file FILTDB is thetimelength of theinterval
between evaluations. Following are the tabular values of the basis function continuing to times as long as the wake field is
significant, or up to 7/FRAC if that is shorter. This calculation does not share with the high-Q resonator cal culation the facility
for accumul ating excitation over multipleturns. If thereis appreciable wake field extending beyond 7/FRAC, its effect is lost.
However, something with so high a Q is probably correctly represented as a resonance or afew resonances and can be properly
treated with the time domain resonance cal culation (QREZON = .TRUE.). All threetypes of collective voltage calculation can
be carried on simultaneoudly for different parts of the impedance.

One of the frustrationsin cal cul ating emittance growth caused by the collective potential is spurious emittance growth of an
initial bunch matched to asingleparticletrgjectory. Itisgenerally difficult to produce aself-consistent distributiondirectly. Two
waysare providedtoavoidtheinitia match problem. The parameter TCHGON can be set to aval ue of afew synchrotron periods.
The strength of the beam charge will then be ramped linearly to its target ENQ by the time TCHGON, thereby approximating
an adiabatic introduction of the perturbation. Another technique which may require less computing isto generate a collective
potentia using the B command and an approximate initia distribution then to use the K command to remove the distribution
before using the P again to provideabunch matched to thenew potential. Thiscycle could beiterated for an exacting application
to obtain an adequate approximation to self-consistency.

Under some conditions, most likely at low energies, the collective potentid isvery significant, and applying it only once per
turnisnot realistic because there istoo much force-free drift between energy increments. A typical symptom of thisproblemis
spurious bunch breakup. The parameter M SC can be set to apply the collective potentiadl MSC x NCAV times per turn, where
NCAV isthe number of cavity locationsin thering set by the R command. However, the collective potentia itself changes very
littlein oneturn, soit is evaluated once per turn independently of MSC and NCAV.

An example of B command which includes the self-force, resistive wall impedance, and some resonant elementsis

$SCHG FDON=T FDSCON=T QREZON=T A=.01 B=.03 ENQ=2.4E10 NBINSC=1000 NBINFFT=512
NBRES=1000 FILIMP="IMPEDANCE.DAT" FILRES="RESONANCE.DAT" $END

in which the real and imaginary parts of the wall impedance are read from IMPEDANCE.DAT while the resonance values are
obtained from the file RESONANCE.DAT. Note that the number of protons specified isfor 1/FRAC of the machine circum-
ference. The number of bins used in the FFT will be the lesser of NBINFFT or the storage allocation IFFT. The parameter
NBINSC should be chosen so that there are an adequate number of bins over the width of the bunch(es) to provide good shape
information. With these switches, the bunch sealf-field is calculated from the FFT of the charge distribution, the general 1on-
gitudinal impedance is treated in frequency domain, and the resonant contributionsare evaluated in frequency domain or time
domain according to the value of the “multiplier” entry for each resonance.

There isno necessary numerical relation between NBINSC and NBINFFT; however taking them equal saves some interpo-
lation. If the two are unequal, spline interpolation on a charge distribution of NBINSC bins is used to make a distribution of
NBINFFT binsfor the FFT. Two types of smoothing may be applied to the distribution of NBINSC bins. SMOOTH=-1 causes
alocal averaging with weights 1/4, 1/2, 1/4. If ITKNT is greater than one, the smoothing is repeated effectively producing
(lesslocal) averaging with, for example, weights 1/16, 1/4, 3/8, 1/4, 1/16 for ITKNT=2. If SMOOTH=1, Bernstein polynomial
smoothing[17] is employed. Thisisa global technique in which an object function containing a least squares fitting criterion
and a smoothness measure isminimized. For thiscase ITKNT control sthe maximum number of attempts to minimizethe object
function. This method is limited by a requirement that NBINSC be small enough that each bunch are spanned by fewer than
100 hinsand, if there are multiple bunches, that there be three or more empty bins between them.

Another mgjor hurdle in modelling high intensity beams is dealing with a sufficient number or macroparticles to keep loca
fluctuationsin the space charge force from causing a spuriousdisruption of the distribution. When only thelow frequency effects
of the beam charge are of interest, it may be satisfactory to take a limited bandwidth in frequency domain and/or smooth the
charge distribution using one of options of the SMOOTH control variable. The validity of these expedientsis not aways clear.
A morerigorousalternative] 1] isto set the parameter RSCALEO of the T command to something larger than one; thisoptionwill
reduce the number of iterations required by afactor (RSCALE) ! and permit reducing the number of bins by the same factor.
For most problems, if the number of binsis so reduced, the number fo macroparticles can be reduced by (RSCALE) —3.

4This approach is devel oped from the ideas of G. Sabbi,[15] but is not based on his code TRISIM.
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2.2.13 F Command - Fourier transform
| F Command, Namelist /FFT/

Default
Variable Vaue Unit Description
FFTON F - Activate Fourier transform cal culation
FFTOUT F - If TRUE, Fourier transform is printed
NBINFFT 256 - Number of binsto beused in FFT
NNF 0 - Number of fourier harmonicsto be stored in history
NF(1:NNF) 0 - Harmonic numbers of fourier spectrum components to be stored
MFFT 1 - Frequency of Fourier transform calculation
NIXNOIS 0 - Three-way switch to control smoothing of azimuthal histogram
-1 => 1-2-1 averaging of adjacent bins
0 => no smoothing measures
1 => Bernstein polynomial smoothing
ITKNT 1 - Number of iterationsfor either 1-2-1 or Bernstein smoothing
OBWGT 0.05 - Weight of fitting vs. smoothing in object function for Bernstein smoothing

The members of NAMELIST /FFT/ areread in subroutineFOURFIT and storedin COMMON /FOURIR/. Many of thevari-
ablesin NAMELIST /FFT/ are shared by NAMELIST /SCHG/, because the Fourier transform may be utilized in the collective
potential calculation. The F command isintended to allow the user to examine the fourier transform of the distribution and to
follow the devel opment of selected fourier components. If, for example, one wantsto track the turn-by-turn devel opment of the
first five odd fourier harmonics of the distribution, then the appropriate F command would be

| $FFT  FFTON=T NBINFFT=32 NNF=5 NF=1,35,7,9 $END |

If at some point one should wish to plot therecord for the amplitude of thethird harmonic, thentheH command should beissued
to retrieve FAMPL(2).5 The harmonics of the distribution should be multiplied by the periodicity in determining harmonics of
therevolution frequency. If, for example, FRAC = 7, thefifth harmonic of the distribution corresponds to harmonic thirty-five
of thebeam circul ation frequency. It isalso possibleto plot atime sequence of amplitudeor power spectraas described in section
2.2.10.

The histogram can be smoothed before the FFT is performed. NIXNOIS = -1 and ITKNT = 1 resultsin a straightforward
averaging of binswith their immediate neighbors using relative weights of 1-2-1. Increasing ITKNT results in higher order
averaging. When NIXNOIS = 1, Bernstein polynomia smoothing is employed.[17] The relative importance attached to fitting
of the data val ues and smoothness is governed by OBWGT; ITKNT determines how many trials are made to reduce the object
function. An ITKNT of zero is valid; it resultsin a well-smoothed representation of the distribution but may remove detail
whichismeaningful. Thereare other remarks on smoothingin secs. 2.2.10 and 2.2.12 where mountain range plotsand collective
potentia calculations are discussed.

5See Section 2.2.9, History command.
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2.2.14 C Command - Flow contours
| C Command, Namelist /FLOW/

Default
Variable Vaue  Unit Description
LINES 2 - The number of flow linesto be drawn
STVAL 0.,0. a The (9, F) starting values for LINES different contours
STATIC .TRUE. - Contoursdrawn with parameters fixed at initial valuesfor STATIC =.TRUE,; pa

rameters vary according to their programsfor STATIC = .FALSE.
Option switch to include bucket contour on flow line plot

PLTBKT .TRUE.

TSTOP? 0. S End of interval over which maps are generated
TTRACK® 0. s | Time over which periodic flow maps will be generated
ACCELO 1.0 - Number of beam turns per step between mappings
PARTION F - Switch indicates if points on separate flow lines belong to different partitions of
the phase points
ITRAP(1:4) 1 - Flagsaconditionfor which the C command should beinterrupted; see T command
for values
ETATRP .001 - Trapping parameter; see T command
PHISTRP .95 - Trapping parameter; see T command
MGRACE 0 - Trapping parameter; see T command

aStarting values for contours have units degreesMeV.
bTSTOP set to 0. when calculation complete or interrupted by an ITRAP option.
CTSTOP takes precedence; if TSTOP=0., TTRACK determines duration.

The C command is used to generate flow line maps at the plotting intervals MPLOT, which is set by the O command along
with the other parameters controlling the graphics. 1t may also be used to establish a(zero-emittance) distributionto be tracked.
The subroutine FLOWPRG reads the namelist /FLOW/ and stores some of the parameters in common /FLOWP/. However,
FLOWPRG isadriver for many ESME subroutines so it distributes data among several common blocks.

When the C command isused to generate aninitial distributionfor tracking, TTRACK and TSTOP are set to zero so that only
one set of pointson flow linesis generated. It can be combined with a non-zero emittance distribution (i.e., abunch) if desired.
Such a bunch can be generated before the flow lines and the resulting collective potential will then be taken into account in
generating the flow linesif the B command has been called first. 1n any case, a zero-emittance type of distributionis stored in
the array PHASE above a partition KNTSC so that only the bunch(es) affect the collective potential when that calculation is
active. Furthermore, the flow line pointsare not used in cal culating beam moments and emittance.

The C command differsfromthe T command in not tracking any distributionturn-by-turn and not cal cul ating bunch proper-
ties or storing quantitiesfor history plots. Because the C command works without abunch-like (e, # 0) distribution, it does not
ordinarily incorporate the effect of a collective potential. Itis possibleto use C to generate such flow lines by first populating a
bunch (P) then invoking B and C inthat order. Using the K command with KNTSET = -1 will remove the bunch if desired.

When the parameter STATIC is set fal se, the trgjectories from the starting points STVAL (9, E;) will be generated over the
time indicated by TTRACK or TSTOP. In this case quantities like rf voltage which have atime program will change as the
trajectory advances. These dynamic tragjectories are not lines of Hamiltonian flow, but they provide an alternative to fixed-time
phasespace macroparticle distributions or fixed-time contoursfor visualizing the dynamics.

Static contours produced by the C command can a so be produced by the ICONTUR = 5 option of the O command.
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2.2.15 K Command - Kill all or partsof thedistribution
| K Command, Namelist /KUTY

Default
Variable || Value Unit Description
KUT 0 - Cut the last KUT particles from the distribution
KNTSET 0 - Reset particle count
< 0 = KNTSC — 0; removes bunch-type distribution
> 0 = KOUNT — 0; removes entire distribution
K1 0 - Starting point for a partial removal of the distribution
K2 a - End point for partial removal of distribution
KLASS 0 - Selects a partition of the distribution to be removed®
aDefaultsto KOUNT

bSee PARTION in P command

The K command calls KARVE which reads the namelist /KUTS for integers which indicate what part of the current phase
space distribution to kill. 1t isredly a pastiche of severd related functions which have surfaced at one or another time in
SHAZAM routines(see 0—9 commands). Only oneoption can beexercised per call, and parameters are awaysreset to harmless
before the command returns.

2216 0-9Commands- User-written SHAZAM routines

The SHAZAM facility is intended to allow users to integrate their own routines into the code. All COMMON blocksin
ESME areavailableto SHAZAM. Asindicated in section 2.2.5, SHAZAM entry pointsmay be called before or following every
iteration of the difference equations using the TRAP option provided through NAMELIST /CYCLP/. In addition, SHAZAM
routinesmay becalled explicitly using commands 0—9. Of course, any subsequent input isup to theauthor of the codefollowing
the appropriate SHAZAM entry point. It may be NAMELIST-directed, as ESME largely is, or theremay benoinput at all. The
user is cautioned, however, to ensure that any subsequent input datais read; otherwise ESME will read the line where it finds
itself after returningfrom SHAZAM and attempt tointerpret it asacommand. A sample of SHAZAM codingisgivenin Chapter
4.

2.2.17 Y Command - Memory allocation for
| Y Command, Namelist MEMORY/ |

Default
Variable Vaue Unit Description
KNPHASE || 50001 - The storage allocation for each phase coordinate— max. value for KOUNT +1
KMAXCVB || 1000 - The storage alocation for large tables of data or intermediate results in time do-
main collective voltage calculations 2
KMAXPTS || 1000 - Storage allocation for history plots

aKMAXCVB sets the maximum allowable value for input parameters NBINSC and NBRES.

TheY command allowsoneto alocate memory for arrays whose sizesvary over awide range depending on the problem.
There aremoderate default level s (asindicated in the tableabove), so it may not be necessary to alocatefor aproblemwithafew
thousand macroparticles. The Y command callsthe subroutineM EMAL L OC which reads the namelist MEMORY/ for integers
which set the size of phase space coordinate storage, the plot storage for histories, and beam induced voltage distributions, etc.

2.2.18 SCommand - Savetracking parameters

The S command directs subroutine SAVE to write all datain COMMON blocks to an externa file. It allows the user to
suspend tracking at any point in the program. Once all the tracking datais SAVE'd, it may be restored simply by issuing the G
command (see next section). Subroutine SAVE is aso useful for those who might want to analyze ESME tracking data inde-
pendently of the program.® The format of the S command is as follows:

6See, for example, Appendix B.
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S
filename

where filename is the name of the externd file to which the dataisto be written.

2219 G Command - Get tracking parameters

The G command directs subroutine GET to read datafrom an externa fileinto ESME's common block data. It isintended
to be used to retrieve data written using the S command. The G command format isvery similar to that for the S command:

G
filename

where filenameis the name of the external file from which the dataisto be read. Because G recoversall parameters, input data
for a new run could consist of only G, T, and Q commands for example. It is useful for restarting along calculation from a
checkpoint or for making alternative conclusionsto a common intermediate result.

The contents of the saved file are specific to a particular version of the program. A G command islikely provide spurious
dataif it isaccessing a save file written by an earlier program version.
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Chapter 3

Using The Program

3.1 Runningthe Program

Althoughthe graphicscan display to the screen during execution, ESME isnot usually run asan interactive program. It reads
data from standard input and writes numerica results and error messages to standard output. Errors detected by the system or
arithmetical library goto the standard error file. However, with command line switchesinput may be taken from an alternatefile
and pauses set after each display. Additional output files are used with names contai ning the fortran unit number as an extension.
The names for auxiliary input files are read in with the data for the commands that call for the auxiliary input. The fortran units

used are

unit 07 — input to restore previous running condition; input to GET
unit 08 — SAVE output for check pointing or interrupted cal culation
unit 09 — history data (output)

unit 10 — RF voltage, frequency, and phase curves

unit 11 — longitudinal impedance table

unit 12 —table of resonances for longitudinal impedance calculation
unit 14 — graphical output in postscript — esme.ps

unit 15 — bunch length table for voltage feedback control

unit 16 — basis function for time domain collective voltage cal culation
unit 18 — output for graphics post-processer

unit 19 —tabular output from HISTORY (user plotsand analysis)
unit 20 — mountain range plot output data

ESME can be run directly from acommand line under UNIX-like systems:

esme2000 [optional switches] <input 1 > output 2 > errout

The available command line switches and their functions are

USAGE: esme [args [paraneters]]

where [args]

-A

-a4

- bw

-d driver
-Dint

-f filename
-h

-

-o filename
-p fil enane
-V

is one or nore of the follow ng

wite internmediate files in ASC

out put on a4 paper

turn col or output off

sel ect the device driver for PGPLOT out put
debuggi ng nessage | eve

use filenane for input instead of standard input
hel p

i nteractive output (pauses between plots)

use filenane for output instead of standard out put
use filenane for postscript graphics instead of esne.ps
ver si on nunber
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If the -f switch is used to designate the input datafile, files generated by the program will be named with whatever precedes a
“.” (if any) in theinput filename. Oherwise the produced filenames will be “UNDEFINED.un”, where “un” isthe fortran unit
number.

Itispossibleto run ESME interactively with the commands and namelistsentered by theuser directly fromthekeyboard. One
can also specify input and output files from the command line and request pauses between plotsto the screen, called interactive
output mode.

If the post-processor option? isin effect, then ESME writes its data to the file associated with FORTRAN logical unit 18
(every MPLQOT turns, or upon issuance of the D command). History records are written to the file associated with unit logical
unit 9. These files may be processed later according to methods of the user’s own choosing. However, it is necessary to use the
command line arguement -A to preserve the intermediate files. Otherwisethefiles for logical units9, 18, and 20 are written to
the /tmp file system and will be unavail able after ESME stops. A simple post-processor has been written which processes these
files using routinesfrom ESME. It is described in Appendix B.

3.2 Input Structure

In this section the format required of various input files is described. First and foremost is FORTRAN logical unit 5 (i.e.
standard input), whichisthemain input filefor ESME and often theonly input file. In addition, ESME may read tablesof values
for the RF voltage, frequency, or phase as functions of time, the magnet ramp, thewall impedance as afunction of frequency, a
table of resonant impedances, atable of nomina bunch width vs. timefor controlling feedback to rf amplitude, and atabulation
of abasisfunction for timedomain calculations. These auxiliary files are read fully, so the tables can cover any time during the
calculation. In each case the name of the auxiliary file (complete path) is passed viaa namelist character variable FILxxx. New
tables can be introduced by naming a new file.

3.21 Command file

The commands which ESME accepts have aready been described in Chapter Two. Each command isindicated by asingle
uppercase letter or anumeral in thefirst column of aline. Thefollowing four placesin theline are discarded, and therest of the
lineisread? and echoed in the output along with the command as acomment. Following many of the commandsis namelist data.
The namelist input is specified by entering a dollar sign (or & ) in the second column of the input file, followed immediately
by the namelist identifier, after which any variable which is a member of the namelist may be entered by specifying its name
followed by an equal sign followed by theva ueto beassigned. The assignment of logical variableswill depend on the particular
machine (e.g. .TRUE., .T., or T). The namelist isterminated by a$END (or simply $ or /). All of the command examples given
previoudly are valid 77 namelist entries.

3.2.2 RFcurves

Each of the NRF rf systems can have a voltage program and a phase or frequency program. If both frequency and phase
programs are provided, the phase program will take precedence. There are options for simple programs provided with the A
command (see 2.2.2), but if these are not sufficient, the desired curves can be provided in tables read from an external file. The
curvesfilewill beread when FILCRV isgiven. If other curvetableswill be used in alater A command, they can beincluded in
the same file. This subsection describes the content and format of the curvesfile.

The numerical tables representing the curves are identified by character string headers which are explained later. All in-
put records are free-format (list-directed). The first numerical record for each table is an integer giving the number of records
to follow. The table entries follow with atime and a curve value per record. The standard compilation limits the individua
curves to 350 or fewer points. Just as for the simple curve options available from the program, the initial and fina values of
the programmed quantities are set by the A command parameters VI(i), VF(i), PSII(i), PSIF(i), FRI(i), FRF(i). This means it
isnot necessary to re-compute a complete curve to effect a change in one or both end points. All curves, ramp or rf, internally
generated or provided in atable, are normalized in the same way:

filt) = [T(t:) = T(to)/[T(t5) = T(to)]

where the T”s are table values, t; are the tabulated times, and ¢, and ¢y are theinitia and final times from the table. The con-
tinuousfunction f(t) is obtained by splineinterpolation from the normalized table f;(¢;). Linear interpolationrather than cubic
isavailable for any of the rf curves by making the entry count, the first number in the table, negative. For example, to make
voltage values used by the program identical to those appearing in the table, set VI equa to the program value for t=TVBEG

1POSTP=T in the O command.
2FORTRAN format (A1,4X,A74).
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and VF to the program vaue for t=TVEND. The normalization is generally convenient, but one must avoid putting in curves
with the same valuefor theinitia and fina entries. Such functionscan be handled by extending the table on one end or the other
beyond the time range being used. There isno rigid relationship between the table times and the begin and end timesin the A
command data, but ¢, should not be later than TVBEG and ¢ ; should not be earlier than TVEND.

The spline scheme assumes zero derivatives outside the range of the table when interpolatingin the end intervals. Usually
the assumption is satisfactory, but it is conservative to extend the tables a couple of intervalsat each end to ensure the correct
derivatives over the full time range needed.

When the program opensthe curvesfileit looksfor arecord with acharacter string“ SOURcei”, where“i” isarequired inte-
ger identifyingtherf system to which thefollowingtable(s) apply. All character headers are checked for thefirst four characters
only; these characters must be al caps. Thus, SOUR, SOURCE, SOURce are fine but source or Source will not be recognized.
These source headers can beinany numerical order, and they can berepeated for entering separate voltage, frequency, and phase
programs for the same system if desired. It isalso acceptable to read in more than one curve under a single source heading, but
when thisis done thetables must appear in the order voltagefirst followed by frequency, if present, and finally phase, if present.
Theindividual tables areidentified by the character headers VV OLTage, FREQuency, and PHA Se, where again only thefirst four
characters are significant. Schematically a curves file might ook something like the following:

SOURce 1

VOLTS

5

0. 1.0
.001 1.12
.002 1.36
.003 1.84
.006 2.00
FREQ
25

0. 37.1101
.001 37.1175
.002 37.1203

SOUR 2
VOLTAGE

.01 2.00
.011 1.8
.013 1.7
.014 1.1
.016 1.0
SQURCE 2
PHAS
150

€tc.

3.23 Magnet ramp table

If the KURVEB=4 option is taken for the R command, oneisto provide the name (complete path) of afile containing the
ramp function by setting the character variable FILRMP inthe/RING/ namelist. Thefileisopened and assigned to FORTRAN
unit 13. Thefirst line of thetableinlist directed format isan integer; the absolute valueisthe number of tablelinesto follow. If
theinteger is negative, theinterpolationin thetableislinear; otherwise, cubic splineinterpolationisused. Each succeeding line
containsatime value and aramp value. The scaling of the ramp valuesis arbitrary; the ramp isturned into a normalized spline
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table. The scaling is determined by the/RING/ variables WOI or POl and WOF or POF. The standard compilationlimitsthetable
to 350 or fewer entries. Thefirst timeentry should be at or before Tl, and thefinal entry should be at or after TF. Having values
outsidethe Tl — TF range may provide a smoother B by properly setting the dlopes at the end points— so-called guard val ues.

3.24 Impedancetable

The B command allowsthe user to enter atablefor thewall impedance as afunction of frequency. The file name (complete
path) is given as the value of the character variable FILIMP read by the /SCHG/ namelist. The file will be opened, assigned to
FORTRAN unit 11.Thefirst record is an integer giving the number of table entriesto follow. Each following record consists of
frequency (in MHz) accompanied by area and imaginary part. The format of theinput is as follows:

NZ fl xl yl

fNZ xNZ yNZ

The frequency isin MHz; theimpedance Z™ = z™ + iy™ isin Ohms. The standard compilation limits the impedance table to
350entriesor less. The FFT used requiresanegativesignfor acapacitivereactance, i.e., Z = R—i(X ¢ —X1.). Theimpedance
should represent the value for the entire circumference, not the value per unit length. The FORTRAN format for each lineis
list-directed, so it is sufficient to list the values separated by commas or spaces in thefile. The entries should be made in order
of increasing frequency (f' < f? < ... < fV4). Impedance values will be calculated by cubic spline interpolation from
thetable. Asfor therf tables, it may give abetter curve if the function is continued two tabular intervals below and above the
frequencies that will be needed for the problem. These guard values will ensure that the derivatives in the end intervals are
correctly represented and avoid possible wild interpolation near the ends of the curve.

3.25 Resonancetable

Resonant impedances may be specified inasimpleform. The resonance values are read from thefile whose name is specified
by the FILRES variable inthe /SCHG/ namdlist.® Thisfileis assigned to input unit 12. The first record is an integer giving the
number of resonances to follow. Each resonanceis givenin asinglerecord. The format islist directed, where the values to be
read in are:

frequency [MHZ], real shunt impedance at resonance [2], multiplier, Q

where the multiplier, which isusually 1., multiplies the impedance which is calculated from the frequency, shunt impedance,
and Q values for the resonance. However note that, as mentioned in Section 2.2.12, amultiplier of zero has a specia purpose.
When the time domain calculation of resonator response has been activated by setting QREZON true, those resonances with a
zero multiplier will be treated with the time domain technique.

3.2.6 Timedomain basistable

If the FILTDB string in the B command is not ' DUMMY’, a basis function or characteristic solution for the time domain
response of some longitudina impedance isread fromthefile specified by FILTDB. Thetimeinterval isthefirst record and one
number from each following record is the value of the basis function for each successive time step. The appropriate length for
the tableis either the length of time for which the function has a significant amplitude or the circulation period divided by the
periodicity, i. e., 7/FRAC. Taking FRAC > 1 correspondsto the physical situationwhere theimpedance occursmultipletimesin
thering. The basisfunction isthetime response of the impedanceto atriangular pulse of unit charge and length2 x A, where A
isthetabular interva. Theinterval should be short enough that a binning of the charge distribution at the same interval givesan
adequate representation. Table sizeislimited by the compiled value of MAXCVB, 1000 in the standard compilation. However,
the Y command can be used to allocate a larger table space with KMAXCVB (see section 2.2.17).

3.2.7 Bunch width table

One can damp quadrupol e mode bunch oscillation (i.e. shape oscillation) by feeding back from bunch length measurement
to therf voltage. However, bunch length usually has a secular variation arising from voltage change or change in n with energy.

3see Section 2.2.12
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Therefore, one needs to specify atransfer function for the feedback which does not confuse the desired secular change with the
undesired oscillation. Since thistransfer function will be problem dependent, it can not be built into the code. However, when
one specifies the parameter timevariation for a problem one knows enough to cal cul ate the corresponding nominal bunch length.
With atable of the expected bunch length vs. time, thefeedback can be applied to just the error between actual and nominal. The
actua length need not be correct so long as the functional form is right because the program normalizes the curve to the initia
length. Thus, onetable will usually work quite well over a substantial range of initial emmitance. The times and bunch lengths
are read from the file whose name is specified by the FILBWD parameter inthe /LLRF/ namelist.* Thisfileisassigned to input
unit 15. The first line isan integer giving the number of linesto follow. Each succeeding line contains atime [s] and a bunch
length in any convenient unitsseparated by a comma or space in theusual list-directed convention. Cubic splineinterpolationis
used between table values, so it is not likely that many entrieswill be required. Liketherf curve tables, the bunch length table
islimited to a maximum of 350 entries.

3.2.8 Particledistribution table

Occasiondly it can be helpful to read in phase space coordinates from an externa file for subsequent tracking. This can be
done by using KIND=21 in the P command, giving the complete path to the tablefile as the string variable FILDST. The table
isorganized like almost all of the others with a particle count for the first record and ¢, £ — E ; pairs as succeeding records.

3.29 Examples

Below are some complete data sets for reasonably simple and conventional cases. Between the included comments, the
information in section 2.2, and the output produced by running with the sample data, it should be possible to understand and
use most program features. If oneistrying to use the program to study multiparticle dynamicsissues, it may be necessary to do
sometria runsto understand what the program will do; ESME is not an expert system for collective effects, but it does provide
powerful toolsfor a careful user.

—===—=—========—======== Buynch Pair Mer g| ng in CERN PS ==============—=—==============
w Test of adiabatic bunch pair nerging in the PS

Y This menory all ocation reduces the default allocation.

$MEMORY KNPHASE=2001 $

R CERN PS at 3.57 GeVic

$RI NG REQ=100., GAMISQ=37.21, W) =2753., FRAC=5. $
A h=20 and h=10 RF systens: turn down h=10 and turn up h=20 linearly.

$RF NRF=2 H=20, 10 VI =40. E- 3, 4. E-3 VF=4. E- 3, 40. E-3 TVEND=0. 020, 0. 040

KURVE=1, 1 PSI1=0.,-90. $

P Par abol i c bunch 1; center it in h=20 bucket. Distinguish it frombunch 2.
$POPL8 Kl ND=13 SBNCH=0.4 NPO NT=1000 THOFF=-9. PARTION=.T. $

P Par abol i c bunch 2. Center in next h=20 bucket.

$POPL8 THOFF=9. $
A RF for tracking. Only the phases have changed; everything else is the sane.
$RF PSI1=180.,0. $

0] Qutput format: Plot Delta E, Delta Theta scatter plot every 5000 turns.
$CGRAPH MPLOT=5000 PLTSW8)=.F. PLTSW10)=.F.

| RF=0 THPM N=-18. THPMAX=18. DEPM N=-15. DEPMAX=15.

TI TL=" BUNCH PAIR MERG NG IN THE PS $

D Plot at start.

M Set up Mountain Range for a trace every 200 turns.

$MRANGE MRMPLOT=200 | PU=T $

T Tracking conditions: just go for 0.035 s.

$CYCLE TTRACK=0. 035 $

N Pl ot mountain range with two iterations of |ocal snoothing

$MRPLOT SMOOTH=-2 NTRACE=80 SCALE=0.2 MRPM N=-18. MRPMAX=18. $

Q ESME st op.

4See subsection 2.2.11
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W Fermlab MR Normal transition crossing SI MPLIFIED (but still realistic)
W pdot @rans about 83 GeV/c/s
R MR Start part way into cycle.
$RI NG REQ=1000 pO0i =9750. pOi dot =25. 83E3 pOf =26900 pOf dot =120. OE3
KURVEB=6 GAMISQ=355. 32 ALPHA1=. 0023237 FRAC=1113 Tl =0. 23035 TF=. 46556
TSTART=0. 23035 $

A Let program cal cul ate voltage for constant area bucket
$RF H=1113 | SYNC=1 vkon=f hol dba=t VI=2. $
0] Pl ot bucket and rf waveform every 3000 turns.

$CGRAPH DEPM N=- 200. DEPMAX=200. MPLOT=3000
THPM N=- 0. 097 THPMAX=0. 097 PLTSW 8) =F PLTSW 10) =F PLTSW5) =T
TITL="MR(normal tr. x'ing) Constant area Bucket’'' $
P 0.1 eVs parabolic bunch
$POPL8 Kl ND=14 SBNCH=. 1 NPO NT=200 $
D Plot initial distribution
T
$CYCLE TSTOP=0. 46556 HI STRY=T $
D Pl ot at very end

R MR Ranp Il: Linear portion of ranp

$RI NG JNRAMP=T TF=. 79139 pOf =66000. KURVEB=1 $
T

$CYCLE TSTOP=0.645 $

D

H

$HI STRY

NPLT=1,2,1,3,1,4,1,5,1,6,1,7,1,13,1, 14,1, 15,1,101, 1,32,1,17,1,17 $

—===—=======—=—=—======== ‘‘Realistic’’ Transition Crossi NQg =========================
W Fermilab MR : Normal transition crossing
w N g=2.5el10 Z_||/n=8.6 PIPRAD = 2.54cm
W Thi s exampl e invol ves a coupl e of external files.
W pdot @rans about 83 GeV/c/s
R MR Start part way into cycle; discard particles > 2.54 cmoff central orbit
$RI NG REQ=1000 pO0i =9750. pOi dot =25. 83E3 pOf =26900 pOf dot =120. OE3
KURVEB=6, GAMISQ=355. 32, ALPHA1=.0023237 FRAC=1113 TI =0. 23035 TF=. 46556
TSTART=0. 23035 PI PRAD=0. 0254 EBDRY=T $
A Use a voltage curve froman external file
$RF H=1113 | SYNC=1 VI =2. VF=3.699412 TVBEG=. 23035 TVEND=. 6455522 KURVE=4
FILCRV="nrtrranp.crv’ $
@)
$CGRAPH DEPM N=- 200. DEPMAX=200. MPLOT=3000
THPM N=- 0. 097 THPMAX=0. 097 NBI NTH=100 DELCON=0. 005 NPJMP=10
PLTSW 8) =F PLTSW 10) =F PLTSW5) =T
TITL=""MR(normal tr. x'ing): N g=2.5el0, Z ||/n=8.6"" $
P Coing to |l ook at collective volts up to 3 GHz; need AT LEAST this many.
$POPL8 KI ND=14 SBNCH=. 1 | POP=1 NPO NT=20000 $
B =1 resonance (described on external file) to represent broadband Z ||/n
$SCHG SCON=T FDON=T ENQ=2.5el1l0 A=4.E-3 B=2.5E-2
NBI NSC=128 TCHGON=0. 0 NBI NFFT= 128, NI XNO S=1 FI LI MP=" nr zon_8pt 6ohm dat’ $
L Use phase feedback to reduce di pole oscillations.
$LLRF PHFBON=T $
D
T
$CYCLE TSTOP=0. 46556 HI STRY=T $
D
R MR Ranp Il: Linear portion of ranp
$RI NG JNRAMP=T , pOfdot=120. 0E3 pOi dot =120. OE3
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TF= .79139 poOf= 66000. TI = 0.46556 KURVEB=1 $

D

T

$CYCLE TSTOP=0.645 $

D

H

$H STRY
NPLT=1,2,1,3,1,4,1,5,1,6,1,7,1,13,1, 14,1, 15,1,101, 1,32,1,17,1,17 $

1. 7000135E+3 3.06203E5 1 1
FOR MAIN RING WTH Z/N=8.6 OHM5 AND CUT OFF OF 1.7 GHZ (File nrzon_8pt 6ohm dat)

QOO OB BEREDIMNDMNOWWWWWWWWWWWWWWWWWWWWWWWWWNDNDNDNDN

138

. 303500E- 01
. 453406E- 01
. 603424E-01
. 753443E-01
. 903373E-01
. 053389E-01
. 203405E-01
. 353421E-01
. 503435E-01
. 608339E-01
. 623446E-01
. 638342E-01
. 653448E-01
. 668345E-01
. 683451E-01
. 698347E-01
. 713453E-01
. 728350E- 01
. 743456E- 01
. 758226E-01
. 773332E-01
. 788228E-01
. 803335E-01
. 818231E-01
. 833337E-01
. 848234E-01
. 863340E-01
. 878236E-01
. 893342E-01
. 953348E-01
. 103360E- 01
. 253373E-01
. 403386E-01
. 553399E-01
. 705510E- 01
. 855523E-01
. 005536E-01
. 155549E-01
. 305562E- 01
. 455575E-01

WWWWWWWWWNNNNNONNNNNNONNRPRPRPRERRPNONNNNNONNNMNNONNOMNONNNNNONN

. 000000E+00
. 088300E+00
. 142347E+00

170156E+00
180647E+00
181473E+00
176697E+00
164204E+00
133029E+00

. 084188E+00
. 073459E+00

061674E+00

. 047943E+00

032339E+00

. 013773E+00
. 991851E+00

963920E+00

. 926325E+00
. 858132E+00
. 961538E+00
. 073507E+00
. 154578E+00
. 223394E+00
. 283351E+00
. 338108E+00
. 388211E+00

435565E+00

. 479796E+00
. 522257E+00

674677E+00

. 986864E+00

243913E+00

. 467440E+00
. 668189E+00

800847E+00

. 811178E+00

812824E+00

. 808847E+00
. 800888E+00
. 790346E+00

o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o — — —
GO O ORI WWWWWWWWWWWWWWWWWWWWWWWWDNDNDNDDNDDN

. 353401E-01
. 503482E- 01
. 653290E- 01
. 803308E-01
. 953378E-01
. 103394E-01
. 253410E-01
. 403426E-01
. 553370E-01
. 613375E-01
. 628481E-01
. 643377E-01
. 658274E-01
. 673380E-01
. 688276E-01
. 703383E-01
. 718279E-01
. 733385E-01
. 748282E-01
. 763261E-01
. 778367E-01
. 793264E-01
. 808370E-01
. 823266E- 01
. 838373E-01
. 853269E-01
. 868375E-01
. 883272E-01
. 898378E-01
. 003282E-01
. 153295E-01
. 303308E-01
.453321E-01
. 603334E-01
. 755445E-01
. 905458E- 01
. 055470E-01
. 205483E-01
. 355496E- 01
. 505509E- 01

40

WWWWWWWWWWNDNNDNDNNDNNNNNERPPRPERPENNNNNNDNNNNNNDNNNDNDN

. 033759E+00
. 109665E+00
. 154087E+00
. 175268E+00
. 181779E+00
. 180420E+00
. 173683E+00
. 156876E+00
. 114116E+00
. 080732E+00
. 069704E+00
. 057324E+00
. 043135E+00
. 026512E+00
. 007175E+00
. 983333E+00
. 953103E+00
. 909210E+00
. 80

. 004583E+00
. 102951E+00
. 178674E+00
. 244314E+00
. 302127E+00
. 355425E+00
. 404248E+00
. 450683E+00
. 494084E+00
. 535978E+00
. 787153E+00
. 077085E+00
. 321436E+00
. 536502E+00
. 730967E+00
. 805519E+00
. 812485E+00
. 812006E+00
. 806463E+00
. 797649E+00
. 786541E+00

o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o — — —
GO O ORI WOWWWWWWWWWWWWWWWWWWWWWWWWWNDNDNDDN

(File nrtranp.crv)

. 403302E- 01
. 553348E-01
. 7T03366E- 01
. 853368E-01
. 003384E-01
. 153400E- 01
. 303415E-01
. 453431E-01
. 603304E-01
. 618410E-01
. 633307E-01
. 648413E-01
. 663309E-01
. 678415E-01
. 693312E-01
. 708418E-01
. 723314E-01
. 738421E-01
. 753400E- 01
. 768297E-01
. 783193E-01
. 798299E- 01
. 813196E-01
. 828302E-01
. 843198E-01
. 858304E-01
. 873201E-01
. 888307E-01
. 903203E-01
. 053216E-01
. 203229E-01
. 353242E-01
. 503255E-01
. 655576E-01
. 805379E-01
. 955392E-01
. 105405E- 01
. 255418E-01
. 405431E-01
. 555444E-01

WWWWWWWWWWNNNNNNNNNNNNNERPRPPRPPRPEPNNNNNNNNNDNNMNNNDNNDNNNNDN

. 062870E+00
. 127636E+00
. 163358E+00
. 178607E+00
. 181987E+00
. 178910E+00
. 169721E+00
. 146863E+00
. 087458E+00
. 077240E+00
. 065883E+00
. 052737E+00
. 037896E+00
. 020364E+00
. 999734E+00
. 973973E+00
. 940498E+00
. 888088E+00
. 910000E+00
. 041282E+00
. 129045E+00
. 201581E+00
. 263748E+00
. 320337E+00
. 371690E+00
. 420084E+00
. 465123E+00
. 508291E+00
. 548979E+00
. 890317E+00
. 162423E+00
. 395712E+00
. 603278E+00
. 794616E+00
. 808780E+00
. 813066E+00
. 810700E+00
. 803827E+00
. 794283E+00
. 782531E+00



5. 605378E-01 3. 778366E+00 \ 5.655522E-01 3.774137E+00 \ 5.705457E-01 3.769613E+00

5. 755391E-01 3. 765215E+00 \ 5. 805535E-01 3. 760652E+00 \ 5.855470E-01 3. 756090E+00

5. 905404E-01 3.751374E+00 \ 5.955548E-01 3. 746831E+00 \ 6.005483E-01 3.742003E+00

6. 055417E-01 3.737262E+00 \ 6. 105561E-01 3. 732544E+00 \ 6. 155496E-01 3. 727885E+00

6. 205430E- 01 3. 723113E+00 \ 6. 255574E-01 3. 718336E+00 \ 6.305509E-01 3. 713484E+00

6. 355443E- 01 3. 708887E+00 \ 6.405377E-01 3. 704164E+00 \ 6.455522E-01 3.699412E+00
(Note: If you want to scan the above voltage table to try this exanmple, you will

need to replace the \'s with carriage returns to get the table format of one tine
and one vol tage per record.)
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Chapter 4

Customizing the Code

In this chapter some of the basic structure of the program is described, and the use of pre-compilation directivesin adapting
the code isdiscussed. The material in thissection isnot ordinarily needed to use the program. This section aloneisnot likely to
make the reader an ESME expert; however, the material presented here will be useful and perhaps even sufficient for someone
wanting to add a custom feature viathe SHAZAM entries. Some of thisinformation should aso be useful to those needing to
install the code in a new environment.

4.1 Program Basics

The first part of this section describes the overall structure of ESME. The second section details the main tracking loop.
The third section contains an edited listing of the common blocks giving information on all of the global variables. The fourth
section providesan example of aSHAZAM routinewhichismoree aborate than any other written by theauthors. Itisinteresting
because it usesthe the same routine called explicitly with the 2 command and called with ITRAPflags at both the beginning and
end of an iteration.

411 Program structure

The basic pattern of ESME isamain program which calls subroutinessel ected by singleletter commandsin theinput stream.
The called routine reads in any needed parameters; it and any dependent subroutines carry out calculationsfor a distinct phase
of the calculation or for adistinct accel erator subsystem. The program isintegrated by putting particle coordinates and system
variablesinto named commons each of which contain a group of closely related quantities. Higher level subroutines communi-
cate through common. Certain lower level routines and some utility routines shared among different functional areas pass data
through calling lists. Nearly all system and coordinate variables are stored in common blocks; only loop counters and a few
intermediate results are local variables. Thus, the program is divided into numerous functional modules but important variables
areglobal. Thelarge number of parameters often required to specify adistributionand therf systemswhich act upon it encourage
thisstructure. The structure has a so proved amenabl e to extension without major interference with existing features.

4.1.2 Main trackingloop

The fundamental mapping or tracking algorithm is contained in the subroutine CY CPROG which iscalled when aT com-
mand isencountered in the datastream. The subroutinereads datafor thenumber of turnsto track etc. and then tracks successive
turns applying the difference equationsto each particle on each turn. At the end of each turn the tracking duration is checked,
various properties of the distribution are calculated, system parameters are updated, and tests are applied to seeif any selected
parameter has reached a desired endpoint. Optional calls to one of the 10 SHAZAM entries can be made either preceding or
following an iteration. For most purposes the aternatives are equally satisfactory, but some quantities are re-initialized at the
beginning of turns and can not be changed by a SHAZAM call at the end.

4.1.3 Important variables

The variousnamed common blocksare listed below. Each entry includes a statement of purposeand alist of al theincluded
variables. If many of the variables are input data, the command that reads them is noted. Because input variables are defined in
the command tables, they are not separately identifiedinthefollowinglisting. However, other variablesin common are described
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in the comment linesthat begin with an exclamation point (!). In the common /SPCHG/ there are some work arrays that are not
described in either place; the intention is to discourage any use.

C

C bktsup.inc (edited)

C Block paraneterizing isolated or barrier bucket generation.
C

DOUBLE PRECI SI ON THL, THU
Lower and upper phase bounds for truncated rf waveform

C
COMMON / BKTSUP/  THL( NSRC) , THU( NSRC)
C
C bl ankcominc (edited)
C THE MAI N STORAGE BLOCK. CONTAI NS NPHASE PHASE SPACE COORDI NATES AND
C THE PO NTERS TO SEPARATE PARTI TI ONS OF THE DI STRI BUTI ON
C
LOG CAL PARTI ON
C
#i f def DYNVEM
C

#i f ndef _DYNMEM | NC
#i ncl ude "dynmem i nc"
#endi f
C If dynamic nmenory allocation is enabl ed, PHASETH and PHASEE have | ength of
C KNPHASE read by Y command
COMMON / BLANK/ DUMWY1, DUMWY2
COMMON /| BLANK/  KOUNT, KNTSC, KLASSES, KLI M T(0: NKLI M
COMMON / LBLANK/  PARTI ON

#el se

DOUBLE PRECI SI ON PHASETH, PHASEE
COMMON / BLANK/  PHASETH( 0: NPHASE) , PHASEE( 0: NPHASE)
I The phase and energy coordi nates of the macroparticles
COMMON /| BLANK/  KOUNT, KNTSC, KLASSES, KLI M T( 0: NKLI M , KWEER( NPHASE)
KOUNT nunber of macroparticles, KNTSC nunber which contribute to beam charge,
KLASSES nunber of partitions of macroparticle distribution, KLIMT index of
partition boundaries, i.e., first particles in each class
KWEER array for flagging |ost particles
COMMON / LBLANK/ PARTI ON

C
#endi f

C bucket.inc (edited)
C BUCKET PARAMETERS TURN BY- TURN
DOUBLE PRECI SI ON GNUS, SBCKT, HBCKT
COMMON / BUCKET/ GNUS, SBCKT, HBCKT
I GNUS synchrotron tune, SBCKT bucket area, HBCKT bucket hei ght

C bunch.inc (edited)

C BUNCH PARAMETERS TURN- BY- TURN
DOUBLE PRECI SI ON THBAR, EBAR, THRNVS, ERMSB, EPSI LON, SBUNCH, ANORM
COMMON / BUNCH THBAR, EBAR, THRVS, ERMS, EPSI LON, SBUNCH, ANORM

I THBAR aver age phase, EBAR average energy, THRMS rnms phase spread,

43



I ERMS rms energy spread, EPSILON rns emittance (unless nodified by
I ANORM . NE. 1), ANORM renornmalizing factor

C const.inc (edited)
C CONTAI NS MATHEMATI CAL AND PHYSI CAL CONSTANTS, PROGRAM CONSTANTS, AND
C CONVERSI ON FACTORS FROM EXTERNAL TO | NTERNAL UNI TS

DOUBLE PRECI SI ON HALFPI E, Pl E, TWOPI E, FOURPI E, RADDEG, DEGRAD,

1 C, EMPCSQ, EMECSQ, RE, RP, QE, ZNAUGHT
COMMON / CONST/ HALFPI E, Pl E, TWOPI E, FOURPI E, RADDEG, DEGRAD,
1 C, EMPCSQ, EMECSQ, RE, RP, QE, ZNAUGHT
I Multiples of pi, angle conversions, velocity of light, proton and
I electron rest energies, electron and proton classical radii, free space
I i npedance
C

C current.inc (edited)
C M SCELLANEQUS PARAMETERS AND | NTERMEDI ATE RESULTS TURN- BY- TURN
C

DOUBLE PRECI SI ON ES, PS, RS, BETAS, BETASQ, ETA, EO, PO, BETAO,

1 THREF, EREF, TAU, TI ME, DEBFLD, PDOT, DPODT, ELO, EH , TGCURR, GVBQ NV,

2 GAMVAT, DELR, PHI S, DELES, EV, PSI 0, PSI , FREQ SBI NI T, HBI NI T, RSCALE
COMMON / CURRENT/ ES, PS, RS, BETAS, BETASQ ETA, EO, PO, BETAO,

1 THREF, EREF, TAU, TI ME, DEBFLD, PDOT, DPODT, ELO, EH , TGCURR, GVBQ NV,

2 GAMVAT, DELR PHI S, DELES, SBI NI T, HBI NI T, RSCALE,

3 EV(NSRC) , PSI 0( NSRC) , PSI ( NSRC) , FREQ( NSRC)

ES synchronous energy, PS synchronous monentum RS synchronous radi us,
BETAS synchronous velocity, BETASQ beta_s"2, ETA tine slip factor,
EO central orbit energy, PO central nomentum BETAO central velocity,
RSCALE factor for stepping up mapping interval, THREF, EREF theta-E
coordi nates of reference particle, TAU beam circul ation period, TIM
cal cul ated tine, DEBFLD energy change per turn of central orbit, PDOT
rate of synchronous nonentum change, DPODT rate of change of central
monentum ELO EH linits of energy corresponding to Pl PRAD i nput paraneter,
TGCURR time of starting gamma-t junp, GVBQ NV gamm™ -2, GAMMAT transition
ganma on reference orbit, DELR=RS-REQ PHI S synchronous phase at harnonic
nunber of 1, DELES synchronous energy change per turn, SBINT & HBINIT
initial values of bucket area and height at start of T command, RSCALE
map scaling paraneter, EV the rf voltages, PSIO0 the programval ue of phases in
radi ans, PSI adjusted phases, FREQ rf frequencies

COMMON /| CURRENT/ M MM NTURNS, MHI ST, MOST
I' Mturn nunber in current T command, MM turn nunber, NTURNS turns counter
I for witing history record, MH ST calculated turns interval for witing
I history records, MOST the index for the principal rf system (greatest
bucket hei ght)

COMMON / LCURRENT/ TRPSW

I flag for traps in CYCPROG acti ve
LOG CAL TRPSW

curves.inc (edited)
PHASE SPACE COORDI NATES OF BUCKET OR OTHER CONTOUR OF | NTEREST
DOUBLE PRECI SI ON CURVE, TURNPT, TOP, BOTTOM

OO0

@

COMMON / CURVES/ CURVE( | CURVE, 2) , TURNPT( 4, 3),
1 TOP(2, | CURVE 2), BOTTOM 2, | CURVE/ 2) , NC
I CURVE theta, E coordinates of a curve to be plotted on phase pl ane,
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I' TURNPT the turning points of the curve (third coordinate is nunber of the
I point along the curve), TOP, BOITOM coordinates for top and bottom hal ves
I of closed curve, NC number of points on curve

cyclp.inc (edited) Paraneters not described are fromthe T conmand.
PARAMETERS GOVERNI NG DURATI ON & OPTI ONAL FEATURES OF THE TRACKI NG CALCULATI ON

O0O000

DOUBLE PRECI SI ON TBEQ N, TEND, TSTART, TSTOP, TTRACK,
1 RSCALEO, THREFO, EREFO, ETATRP, PHI STRP, HI STSI Z
COMMON / CYCLP/ TBEQ N, TEND, TSTART, TSTOP, TTRACK,
1 RSCALEO, THREFO, EREFO, ETATRP, PHI STRP, HI STSI Z
COMMON /| CYCLP/ MSTEP, LGRTHM | TRAP( NTRP) , MGRACE( NTRP) , NTRAP
I NTRP is a conpiled parameter (paraneters.inc)
COMMON / LCYCLP/ HI STRY, BBDRY, NOBDRY, EAPROX
LOG CAL HI STRY, BBDRY, NODRY, EAPROX

C dynmeminc (edited)

#i f ndef _DYNMEM_ | NC

#defi ne _DYNMEM | NC
DOUBLE PRECI SI ON PHASETH( 0: NPHASE) , PHASEE( 0: NPHASE)
PO NTER ( PTRPHASETH, PHASETH)
PO NTER ( PTRPHASEE, PHASEE)

REAL SPHASETH( NPHASE) , SPHASEE( NPHASE)
PO NTER ( PTRSPHASETH, SPHASETH)
PO NTER ( PTRSPHASEE, SPHASEE)

| NTECER KWEER( NPHASE)
PO NTER ( PTRKVEER, KW\EER)

DOUBLE PRECI SI ON EVRES( MAXCVB) , ZRES( MAXCVB)
PO NTER ( PTREVRES, EVRES)
PO NTER ( PTRZRES, ZRES)

DOUBLE PRECI S| ON DQ({ MAXCVB) , THTA( MAXCVB) , DQ2( MAXCVB)
PO NTER ( PTRDQ DQ)

PO NTER ( PTRTHTA, THTA)

PO NTER ( PTRDQ2, DQ2)

DOUBLE PRECI S| ON DQDT( MAXCVB)
PO NTER ( PTRDQDT, DQDT)

DOUBLE PRECI S| ON USC( MAXCVB)
PO NTER ( PTRUSC, USC)

DOUBLE PRECI S| ON EVTD( MAXCVB) , FI T( MAXCVB) , TDTBL( MAXCVB)
PO NTER ( PTREVTD, EVTD)

PO NTER (PTRFI T, FI T)

PO NTER ( PTRTDTBL, TDTBL)

REAL BI N1( MAXCVB) , Bl N2( MAXCVB) , XDHI S( MAXCVB)
PO NTER ( PTRBI N1, BI N1)

PO NTER ( PTRBI N2, BI N2)

PO NTER ( PTRXDHI S, XDHI S)
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REAL PLTX( MAXPTS), PLTY( MAXPTS)
PO NTER ( PTRPLTX, PLTX)
PO NTER ( PTRPLTY, PLTY)

C
COMMON / DYNPTR/  PTRSPHASETH, PTRSPHASEE, PTRPHASETH, PTRPHASEE,
1 PTRKVWEER, PTREVRES, PTRZRES,
1 PTRDQ PTRTHTA, PTRDQ2, PTRDQDT, PTRUSC,
1 PTREVTD, PTRFI T, PTRTDTBL,
1 PTRBI N1, PTRBI N2, PTRXDHI S,
1 PTRPLTX, PTRPLTY
C
SAVE | DYNPTR/
C
LOG CAL VALI DP
COMWON / VALI DPTR/ VALI DP
SAVE / VALI DPTR/
#endi f
C
C
C feeds.inc (edited) Paraneters not described are fromthe L conmand.
C PARAMETERS DEFI NI NG FEEDBACK LOOPS ( CURRENTLY PHASE & VOLTAGE - NO RADI AL)
C

O0O000

DOUBLE PRECI SION DLIM T, PLI M T, FBFACT, VLI M T, VFBFCTR, PSI ADD, DAMPL,

1 FBPRS, W BLTABL1, BLTABL2, BLTABL3

COMMON / FEEDS/ DLIM T, PLI M T, FBFACT, VLI M T,
1 VFBFCTR, PSI ADD, DAVPL, FBPRS( | FBPRS) , W | FBPRS) ,
2 BLTABL1(LTABL), BLTABL2( LTABL) , BLTABL3( LTABL)

PSI ADD phase feedback adjustnent to phis, DAMPL voltage feedback
adj ustment factor, FBPRS circular buffer for bunch centroid phases
(I FBPRS from paraneters.inc), BLTABL spline table of bunch width vs tinme
for voltage feedback
COMMON /| FEEDS/ NTUAVG, NTURES, | TFB, NTL
NTL | ength of bunch length table
COMMON / LFEEDS/ PHFBON, VFBON, USEWTD
LOG CAL PHFBON, VFBON, USEWI

flowp.inc The paraneters are fromeither the C or O commands.

The parameters governing the generati on of phasespace flow contours
DOUBLE PRECI SI ON STVAL
LOG CAL PLTBKT, STATI C
COMWON FLOWP/  STVAL( 2, NKLI M
COMMON | FLOAP/ LI NES, KNTL( NKLI M
COMMON LFLOWP/ PLTBKT, STATI C

fourir.inc (edited) Paraneters not described are fromthe F or B comuands.
PARAMETERS DEFI NI NG AND RESULTS OF FOURI ER TRANSFORM OF CHARGE DI STRI BUTI ON

DOUBLE PRECI SI ON BW OBWGT, FAMPL, FAZE, WSAVE, F, G
COMMON / FOURI R/ BW OBWGT, FAVPL( NFVAX) , FAZE( NFMAX) ,
+  WBAVE(3*| FFT+15), F(I FFT), (| FFT)
BWw dth of bin in charge histogramfor fft, FAMPL phasor anplitude,
FAZE phase of phasor, Wwork space for fft, F fourier anplitudes,
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I G function being anal yzed
COVWON /| FOURI R/ NBI NFFT, MFFT, NNF, NBSAV, MLAST,
1 NI XNO' S, | TKNT, NF( NFMVAX)
I NBSAV | ast bin count, MAST |ast turn nunber that FFT was call ed
COWON / LFOURI R/ FFTON
LOG CAL FFTON

Parameters defining transition gama time dependence and
transition phase switch timng.

DOUBLE PRECI SI ON GAMPAR, ETAJMP

COMVON / GAMIMP/  GAMPAR( 5) , ETAIMP

COMMVON / | GAMIMP/ Kl NDG

COMON / LGVAIMP/  GVAIMP

LOG CAL GVAIMP

C
C
C ganmnp.inc (edited) Parameters not described are fromthe R command.
C
C

C
C grafix.inc (edited) Parameters not described are fromthe O command.
C PARAMETERS DEFI NI NG DESI RED GRAPHI CAL QUTPUT
C
DOUBLE PRECI SI ON THPM N, THPMAX, DEPM N, DEPMAX, DTHCURV, DECURYV,
1 THBM N, THBMAX, EBM N, EBMAX, HBCKTN, SBCKTN, SREF, REFAREA,
2 CVBM N, CVBMAX, DELCON, THEXCM , THEXCPL, DEEXCM , DEEXCPL, SEXCL,
3 XCRNR, YCRNR, XAXI SL, YAXI SL
COMMON / GRAFI X/ THPM N, THPMAX, DEPM N, DEPMAX, DTHCURV, DECURYV,
1 THBM N, THBMAX, EBM N, EBMAX, HBCKTN, SBCKTN, SREF, REFAREA,
2 CVBM N, CVBMAX, DELCON, THEXCM , THEXCPL, DEEXCM , DEEXCPL, SEXCL,
3 XCRNR, YCRNR, XAXI SL, YAXI SL
C
COMMON / | GRAFI X/ MPLOT, | RF, | CONTUR, | EREF,
1 NBI NTH, NBI NE, | FBM N, | FBMAX, NPIJMP, KLPLOT
C

LOG CAL PLTSW DRWREF, NODRAW PCSTP, LI NTER, ZTABFLG, TDBFFLG
COMMON / LGRAFI X/ POSTP, NCDRAW ZTABFLG, TDBFFLG, Tl TLE, PLTSW 40),
1 DRWREF, LI NTER
DRWREF fl ag signals a reference contour for phase plane plot, NODRAW
flag indicating no plotting, ZTABFLG flag to plot inpedance table,
TDBFFLG flag to plot time domain basis function, LINTER flag to pause
bet ween plots

CHARACTER PG NFI L* 254, PGOUTFI L* 254
COMMON / CGRAFI X/ PA NFI L, PGOUTFI L
PA NFIL name of main data file, PGOUTFIL name of postscript output file

headi ng. i nc
DESCRI PTI VE HEADI NG FOR GRAPHI CAL QUTPUT

O0O0000

COMMON / HEADI NG TI TL
COMWON /| HEADI NG Tl TLEN
CHARACTER TI TL*50
| NTEGER TI TLEN
TI TLEN nunmber of characters in plot heading
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C io.inc (edited)
C | O UNITS AND ARRAY SI ZES

CHARACTER* 254 PGVARG, LOGFIL

I PGVARG t he command |ine argurments, LOGFIL the ascii output file
CHARACTER* 20 TEMPFI L

I TEMPFIL prefix identifying tenmporary files (e.g., FORT.9 --> TEMPFI L. 9)
| NTEGER KI NUNI T, KOQUTUNI T

I' KINUNI T, KOUTUNI T unit nunbers for principal input and ascii output files
LOG CAL LCOLOR

I LCOLOR switch for color plots

COVMON /1 OCOML/ LCOLOR
COVMON /1 OCOM / KI' NUNI T, KOUTUNI T
COVMMON / FLAGCOM  KVERBCSE

@

COVMMON / MEMORY/  KMAXCVB, KNPHASE, KMAXPTS

nrange.inc (edited) The paraneters are fromthe M conmand.
I ncl ude contai ni ng nountai n range paraneters for saving data;
the plotting paraneters, however, are local to MRPLT.

REAL MRM NB, MRVAXB, TMBEG N, TMEND

COMMON / MRANGE/  MRM NB, MRVAXB, TMBEGQ N, TMEND

| NTEGER MRVPLOT, NRNBI N

COMMON / | MRANGE/ MRWMPLOT, NRNBI N

LOG CAL | PU, FASPEC, FPSPEC

COMMON / LMRANGE/ | PU, FASPEC, FPSPEC

O0O000

C paraneters.inc
C GLOBAL PARAMETER DEFI NI TI ONS

C

#i f def DYNVEM

C LDVEM = .FALSE. nenory allocation routine does nothing
C except read NAMELI ST and set a few integer

C variabl es used in sone tests

LOG CAL LDVEM
PARAMETER ( LDMEME. TRUE. )
#el se
LOG CAL LDVEM
PARAMETER ( LDMVEME. FALSE. )
#endi f
C BCKRAT = bucket ratio used in MATCH subroutine
DOUBLE PRECI SI ON BCKRAT
PARAMETER ( BCKRAT=1. 26D0)
C | CURVE = max no of points in a phase contour
| NTEGER | CURVE
PARAMETER (1 CURVE = 50001)
C KNTLI M = maxi mum nunber of integration steps in constructing flowine or contour
| NTEGER KNTLI M
PARAMETER ( KNTLI M = 250000)
C | FBPRS = length of circular buffer for averagi ng successive turns in phase feedback
| NTEGER | FBPRS
PARAMETER (| FBPRS = 1001)
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| FFT = maxi mum array size for FFT

| NTEGER | FFT
PARAMETER (| FFT = 8192)
| FLSI Z = max no of bins for Bersntein pol ynom al snoot hi ng

| NTEGER | FLSI Z
PARAMVETER( | FLSI Z=100)
I NUNIT = 5 INPUT UNT
I NTEGER I I NUNI T
PARAMVETER (I | NUNI T=5)
IFINUNIT = 32 UNT FOR OPTI ONAL | NPUT FI LE
I NTEGER | FI NUNI T
PARAVETER (| FI NUNI T=32)
IFLOGUNIT = 33 UNIT FOR OPTI ONAL LOG FI LE
| NTEGER | FLOGUNI T
PARAVETER (| FLOGUNI T=33)
IQUTUNIT =6 QUTPUT UNIT
| NTEGER | OQUTUNI T
PARAMVETER (| QUTUNI T=6)
| RLLEN = max no of resonators in tinme-domain Geen’s func. soln.
| NTEGER | RLLEN
PARAMVETER (| RLLEN=5)
| VERBOSE = 0 NAMELI STS ARE NOT PRI NTED
| NTEGER | VERBOSE
PARAMVETER (| VERBOSE=1)

LTABL = max length of a spline table
| NTEGER LTABL
PARAMETER ( LTABL=350)
MAXBI NS = nunber of bins in rf voltage plot (PLTWAV)

| NTEGER MAXBI NS
PARAMETER ( MAXBI NS=400)
MAXCNT = max no of attenpts to match a bucket to a bunch
| NTEGER MAXCNT
PARAMETER ( MAXCNT=12)
MAXCVB = max no of bins in |ongitudinal charge distribution
(used for all collective voltage cal culations in tine domain)
| NTEGER MAXCVB
PARAMETER ( MAXCVB=1024)
MAXPLT = max no of history plots
| NTEGER MAXPLT
PARAMETER ( MAXPLT=50)
MAXPTS = max no of points in a history plot
| NTEGER MAXPTS
PARAMETER ( MAXPTS=1000)
MAXTRC = max no of points on a trace in a nountain range pl ot
| NTEGER MAXTRC
PARAMETER ( MAXTRC=1002)
MAXTTL = maxi mum |l ength of plot title
| NTEGER MAXTTL
PARAMETER ( MAXTTL=50)
NDBLSI Z = size of a DOUBLE PRECI SI ON, in bytes
| NTEGER NDBLSI Z
PARAMETER (NDBLSI Z = 8)

NFMAX = max no of Fourier conponents saved for history
| NTEGER NFMAX
PARAMETER (NFMAX = 50)

NIT = no of iterations for binary search (inplicitly def fnct)
| NTEGER NI T
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PARAMETER (NI T=25)
NKLI M = max no of distinct classes of phase space point
| NTEGER NKLI M
PARAMETER ( NKLI M=50)
NPHASE = max no of phase points
| NTEGER NPHASE
PARAMETER ( NPHASE = 25000)
NPMAX = max no iterations (SYNCH) of synchronous phase for
| NTEGER NMAXIT
PARAMETER( MAXI T =50)

multiple RF systens

NRD = size of the randomno array for Knuth’s Random no gener at or
**nust be > 100**
| NTEGER NRD
PARAMETER ( NRD=200)
NREALSZ = size of a REAL, in bytes
| NTEGER NREALSI Z
PARAMETER (NREALSI Z = 4)
NSPARE = no of slots for user-defined histories

| NTECER NSPARE
PARAVETER ( NSPARE = 50)
NSRC = max no of RF systens
| NTEGER NSRC
PARAVETER (NSRC = 10)
NTRIALS = no of attenpts to conplete a contour
| NTECER NTRI ALS
PARAVETER ( NTRI ALS=6)
NTRP = max no of simutaneously active trapping conditions
| NTEGER NTRP
PARAVETER (NTRP = 4)
PVER = Post-processor version no
DOUBLE PRECI SI ON PVER
PARAVETER ( PVER=2. 11)
SSI z = ? (MATCH subrouti ne)
DOUBLE PRECI SI ON SSI Z
PARAVETER ( SSI Z=5. D- 1)
TI TLL = axis label length for user-defined history plots
DOUBLE PRECI SI ON TI TLL
PARAVETER (TI TLL=14)
TOL = tol erance for noving bucket factor interpolation
DOUBLE PRECI SI ON TOL
PARAVETER (TOL=1. D- 6)
TOL2 = tol erance for MATCH subrouti ne
DOUBLE PRECI SI ON TOL2
PARAVETER (TOL2=1.D-1)
UNI TL = lenght of unit field in user-defined history plots
DOUBLE PRECI SI ON UNI TL
PARAVETER ( UNI TL=7)
VERNUM = ESME version nunber
DOUBLE PRECI SI ON VERNUM
PARAVETER ( VERNUM=2000. 1)

- PARAMETERS USED | N PLOTTI NG ROUTI NES (PGPLOT VERSI ON ONLY)

COLCOR = . FALSE.
LO3d CAL COLOR
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PARAVETER ( COLOR=. TRUE. )

C
C Vi ewport margins in nornalized coordi nates
C
REAL VPLFT, VPRGI, VPBTM VPTOP
PARAMETER (VPLFT=0. 10, VPRGT=0.90, VPBTM=0.10, VPTOP=0.75)
C Plot title character size, sub-title character size,
C Not es character size
REAL CTSI Z, CSSl Z, CNSI Z
PARAMETER (CTSI Z=1. 5, CSSI Z=1. 0, CNSI Z=0. 70)
C
C - - - - - - - - - - - - - .. . ... ... ..., T, T T
C
C Finally, sone useful and not so useful definitions ...
C

DOUBLE PRECI SI ON Bl G SMALL

PARAVETER (BI G=9. D37, SNALL=0.7D- 38)

DOUBLE PRECI SI ON  VYBI G VYSMVALL

PARAVETER ( VYBI G=1. 7D38, VYSMALL=0. 3D- 38)

DOUBLE PRECI SI ON ZERO, ONE, TWO, THREE, FOUR, FI VE, SI X, TEN

PARAVETER ( ZERO=0. DO, ONE=1. DO, TWO=2. DO, THREE=3.0D0, FOUR=4.0D0,
1 FI VE=5. DO, SI X=6. D0, TEN=1.D1)

DOUBLE PRECI SI ON ONEPT6, PT52

PARAVETER ( ONEPT6=1. 6D0, PT52=0.52D0)

DOUBLE PRECI SI ON  HALF

PARAVETER (HALF=5. D-1)

DOUBLE PRECI SI ON ElI GATEEN

PARAVETER ( El GHTEEN=1. 8D+1)

DOUBLE PRECI SI ON TENTO6, HALFM L

PARAVETER ( TENTOG6=1. D+6, HALFM L=5. D+5)

C PGPLOT: conmon bl ock definition.
@
C Maxi mum nunber of concurrent devices (should match GRI MAX).
@2
| NTEGER PGVAXD
PARAMETER ( PGVAXD=8)

@2

Cldentifier of currently sel ected device.

@2
| NTEGER PA D

G = m m mmm e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mmem e ee e

C Devi ce status (indexed by device identifier).

@2

C PGCDEVS =0 if device is not open; 1 if device is open.

C PGADVS Set to 0 by PGBEGA N, set to 1 by PGPAGE; used to suppress
C the prompt for the first page.

C PROWT |If .TRUE., ask user before clearing page; set by PGASK

C and (indirectly) by PGBEA N, used in PGENV.

C PGBLEV Buffering level: incremented by PGBBUF, decremnented by

C PGEBUF.
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C PGPFI X TRUE if PGPAP has been call ed, FALSE ot herw se.

| NTEGER PGDEVS( PGVAXD), PGADVS(PGVAXD), PGBLEV( PGVAXD)
LOG CAL PGPRVP( PGVAXD), PGPFI X( PGVAXD)

Crmmm s s e e e e e e e et e e e e e e e e e e e o o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e n
C Panel paraneters (indexed by device identification).

Crmmm s s e e e e e e e et e e e e e e e e e e e o o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e n
C NX Nunber of panels in x direction

C Ny Nunber of panels in y direction

C NXC Ordi nal nunber of current X panel

C NYC Ordi nal nunber of current Y panel

C Xsz X di nensi on of panel (device units)

C Ysz Y di nensi on of panel (device units)

C PGRON5s TRUE if panels are used in row order, FALSE for colum

C order.

C

| NTEGER PGNX ( PGVAXD), PGNY ( PGVAXD)
| NTEGER PGNXC ( PGVAXD), PGNYC ( PGVAXD)
REAL  PGXSZ (PGVAXD), PGYSZ ( PGVAXD)
LOG CAL PGROWS( PGVAXD)

PGFAS fill-area style

PGCHSZ character hei ght

PGAHS arrow head fill style

PGAHA  arrow head angl e

PGAHV  arrow head vent

PGTBCI text background col or index

PGWNCI | ower range of color indices avail able to PGGRAY/ PG MAG
PGWXCI upper range of color indices avail able to PGGRAY/ PG MAG
PA TF type of transfer function used by PGGRAY/ PA MAG

PGHSA hatching line angle

PGHSS hatching |line separation

PGHSP  hatching |ine phase

O00000000000000O0

| NTEGER PGFAS ( PGVAXD)
REAL  PGCHSZ( PGVAXD)
| NTEGER PGAHS ( PGVAXD)
REAL  PGAHA ( PGVAXD)
REAL  PGAHV ( PGVAXD)
| NTEGER PGTBC! ( PGVAXD)
| NTEGER PGWNC! ( PGVAXD)
| NTEGER PGVXC! ( PGVIAXD)
| NTEGER PG TF ( PGVAXD)
REAL  PGHSA ( PGVAXD)
REAL  PGHSS ( PGVAXD)
REAL  PGHSP ( PGVAXD)

C Viewport paraneters (indexed by device identification); all are device
C coordi nat es:

Crmm s s s e e e e e e e e e e e e e e e e e e e o o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e -
C PGXOFF X coordinate of blc of viewport.

C PGYOFF Y coordinate of blc of viewport.

C PGXVP X coordinate of blc of viewport, relative to blc of subpage.

C PGYVP Y coordinate of blc of viewport, relative to blc of subpage.

C PGXLEN Wdth of viewport.
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C PGYLEN Hei ght of viewport.

REAL  PGXOFF( PGVAXD), PGYOFF( PGVAXD)
REAL  PGXVP (PGVAXD), PGYVP ( PGVAXD)
REAL  PGXLEN( PGVAXD), PGYLEN( PGVAXD)

PGXORG devi ce coordinate val ue corresponding to world X=0
PGYORG devi ce coordinate val ue corresponding to world Y=0
PGXSCL scale in x (device units per world coordinate unit)
PGYSCL scale in y (device units per world coordinate unit)
PGXPI N device x scale in device units/inch

PGYPIN device y scale in device units/inch

PGXSP  Character X spacing (device units)

PGYSP  Character Y spacing (device units)

REAL  PGXORG( PGVAXD), PGYORG( PGVAXD)
REAL  PGXSCL(PGVAXD), PGYSCL(PGVAXD)
REAL  PGXPI N( PGVAXD), PGYPI N( PGVAXD)
REAL  PGXSP (PGVAXD), PGYSP ( PGVAXD)

C W ndow paraneters (indexed by device identification); all are world

C coordinat e val ues:

Crmmm s s e e e e e e e e e e e e e e m e e e e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e -
C PGXBLC world X at bottomleft corner of w ndow

C PGXTRC world X at top right corner of w ndow

C PGYBLC world Y at bottomleft corner of w ndow

C PGYTRC world Y at top right corner of w ndow

C

REAL  PGXBLC(PGVAXD), PGXTRC( PGVAXD)
REAL  PGYBLC(PGVAXD), PGYTRC( PGVAXD)

Crmm s s s e e e e e e e e e e e e e e m e e e e o o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e n
C The following paraneters are used in the contouring routines to pass
Cinformation to the action routine. They do not need to be indexed.

Crmmm s s e e e e e e e e e e e e e e e e e e e o o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e s
C TRANS Transformation matrix for contour plots; copied

C fromargunent |ist by PGCONT and used by PGCP

C

| NTEGER PGCI NT, PGCM N
REAL  TRANS(6)
CHARACTER* 32 PGCLAB

COWON /PGPLT1/ Pd D, PGDEVS, PGADVS, PGNX, PGNY, PGNXC, PGNYC ,
1 PGXPI N, PGYPI N, PGXSP, PGYSP, PGXSZ, PGYSZ

2 PGXOFF, PGYOFF, PGXVP, PGYVP, PGXLEN, PGYLEN, PGXORG, PGYORG
3 PGXSCL, PGYSCL, PGXBLC, PGXTRC, PGYBLC, PGYTRC, TRANS

4 PGPRWP, PGFAS, PGCHSZ, PGBLEV, PGRONS

5 PGAHS, PGAHA, PGAHV, PGIBCI, PGWNCI , PGUXCl , PGCI NT, PGCM N
6 PGPFI X, PG TF, PGHSA, PGHSS, PGHSP

COWON / PGPLT2/ PGCLAB

plt.inc
QUANTI TI ES SHARED BETWEEN SUBROUTI NES PLTxxX
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#i f def DYNVEM
#i f ndef _DYNMEM_ | NC
#i ncl ude "dynmem i nc"

#endi f
COWON / PLTSNG./ EPHM N, EPHVMAX, THM NP, THVAXP, DEM NP, DEMAXP,
1 VRFM N, VRFMAX, BM N, BMAX, RDEGRAD, RRADDEG
#el se
COWON / PLTSNG./ EPHM N, EPHVMAX, THM NP, THVAXP, DEM NP, DEMAXP,
1 VRFM N, VRFVAX, BM N, BMAX, RDEGRAD, RRADDEG,
2 SPHASETH, SPHASEE, BI N1, Bl N2, XDHI S, PLTX, PLTY
REAL SPHASETH( NPHASE) , SPHASEE( NPHASE) , PLTX( MAXPTS) , PLTY( MAXPTS) ,
1 Bl N1( MAXCVB) , Bl N2( MAXCVB) , XDHI S( MAXCVB)
#endi f

C--Arrays used to plot line between two points
REAL XL(2), YL(2)
C--Arrays to hold nmonments for histograns.
DOUBLE PRECI SI ON RMOM
C--Dumy argunents that will have doubl e precision node
DOUBLE PRECI SI ON ARGL, AR&, ARG3, ARA
C--Various notes
CHARACTER*33 SUBTTL
CHARACTER*11 CHRNUM 3, 3)
CHARACTER*10 CHRV, CHRPSI , CHRBNC, CHRTI M CHRBAR, CHRRMS, FMT
CHARACTER*32 CHRBLK, CHRSC, CHRNPP
CHARACTER*9  CHRWM
CHARACTER*4  CHRH
CHARACTER*3  CHR123
CHARACTER*6  CHVLBL1, CHVLBL2
CHARACTER PREFI X, PFY
CHARACTER* 72 CHCLBL
CHARACTER* 14 CHELBL, CHNBI N
C--Useful switch conbinations
LOG CAL BNCHON, LI NEON

C
C--M sc Declarations for PGPLOT G aphics
C
PARAMETER (NI MAGB=250)
REAL DENSS( NI MAGB, NI MAGB) , DENS( NI MAGB, Nl MAGB), TR( 6)
C
COMMON / PLTLBL/ SUBTTL, CHRNUM
+ CHRV, CHRPSI , CHRBNC, CHRTI M CHRBAR, CHRRIVS, FMT,
+ CHRMM CHRBLK, CHRSC, CHRNPP,
+ CHRH,
+ CHR123,
+ CHVLBL1, CHVLBL2,
+ PFY,
+ CHCLBL,
+ CHELBL, CHNBI N
C
COMMON / PLTDBL/ RMOM 6)
C
COMMON / PLTI NT/ | PXLSI Z, LCHRWM
C

C poplate.inc (edited) The paraneters are fromthe P command.
C THE PARAMETERS DEFI NI NG THE | NI TI AL PHASESPACE DI STRI BUTI ON( S)
DOUBLE PRECI SI ON THM N, THVAX, REM N, REMAX,
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1 SBNCH, THOFF, EOFF, THTRAN, ETRAN

COVMON / POPLATE/ THM N, THVAX, REM N, REMAX,
1 SBNCH, THOFF, EOFF, THTRAN, ETRAN

COVMON /| POPLATE/ KI ND, | POP, NTH, NE, NPO NT

C randominc
C
DOUBLE PRECI SI ON DLARAN
DOUBLE PRECI SI ON XRAND
| NTEGER | SEED
I DLARAN i s the random nunber generator, XRAND a quasi-random numnber
C
COMMON / RNDOM' | SEED( 4)
I I SEED the starting value for random nunber generator initially set in
I esinit

C rfp.inc (edited) Parameters not described are fromthe A command.
C PARAMETERS DEFI NI NG THE RF SYSTEMS

C
DOUBLE PRECI SI ON HDECR, SDECR, PHI SLI M VI, VF, TVBEG, TVEND,
1 FRI, FRF, TFBEG TFEND, PSI | , PSI F, TPBEG, TPEND,
2 VTABL, FTABL, PTABL, C1, C2, DELTRF

COMMON / RFP/ HDECR, SDECR, PHI SLI M
VI (NSRC) , VF( NSRC) , TVBEG( NSRC) , TVEND( NSRC) ,
FRI (NSRC) , FRF( NSRC) , TFBEG( NSRC) , TFEND( NSRC) ,
PSI | (NSRC) , PSI F( NSRC) , TPBEG( NSRC) , TPEND( NSRC) ,
VTABL( LTABL, 3, NSRC), FTABL( LTABL, 3, NSRC), PTABL( LTABL, 3, NSRC)
CL(NSRC) , C2( NSRC) , DELTRF( NSRC)
I VTABL spline table of rf voltages vs. time, FTABL rf frequencies vs.
I time table, PTABL rf phases vs. time, Cl,C2 constants in iso-adiabatic
I vol tage curves
| NTEGER H, HW HGCD, HVAX
COMMON /| RFP/ NRF, H(NSRC) , HW{ NSRC) , HGCD, HVAX, | SYNC,

abhwNRE

1 KURVE( NSRC) , NTV( NSRC) , NTABV( NSRC) ,
2 KURVF( NSRC) , NTF( NSRC) , NTABF( NSRC) ,
3 KURVP( NSRC) , NTP( NSRC) , NTABP( NSRC)

HGCD t he greatest common divisor of the rf system harnmoni c numnbers,
HVAX t he hi ghest harnoni c nunber, NTV, NTF, NTP nunber of entries in voltage
tabl e, frequency table, and phase tables respectively
NTABV, NTABF, NTABP i ndex of the |ast used entry in the voltage, frequency,
and phase tables respectively

LOG CAL VKON, FRKON, PHKON, PHSLI P, VWVATCH

LOG CAL HOLDBH, HOLDBA, CNTI NU

COMMON / LRFP/ VKON, FRKON, PHKON, PHSLI P, HOLDBH, HOLDBA, CNTI NU( NSRC) ,

1 VIMATCH( NSRC)

C ringp.inc (edited) Paraneters not described are fromthe R conmand.
C THE LATTI CE PARAVETERS | NCLUDI NG TI ME DEPENDENCES
DOUBLE PRECI SI ON REQ, GAMISQ, ALPHAO, ALPHA1, ALPHA2, ALPHA3, TAUl NF,

1 Wl , WOF, EKOI , EKOF, TI, TF, POl , POF, PI , PF, FRAC, DES, Pl PRAD,

2 WI DOT, WFDOT, EKI DOT, EKFDOT, POl DOT, POFDOT, PI DOT, PFDOT,

3 THLO, THHI , THRNG, CRA, CRB, CRC, TR3, CHGNO, EMOCSQ, EMCSQ
COVMON / RI NGP/  REQ GAMTI'SQ, ALPHAO, ALPHAL, ALPHA2, ALPHA3, TAUI NF,

1 Wl , WOF, EKOI , EKOF, TI, TF, POl , POF, PI , PF, FRAC, DES, Pl PRAD,
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2 W1 DOT, WOFDOT, EKI DOT, EKFDOT, POl DOT, POFDOT, PI DOT, PFDOT,
3 THLO, THH , THRNG, CRA, CRB, CRC, TR3, CHGNO, EMDCSQ, EMCSQ
I' THLO bottom of cal cul ati on range -pi/FRAC, THH top of cal cul ation range
I pi/FRAC, THRNG cal cul ati on range 2 pi/FRAC, EMCSQ rest energy of beam particles
COMMON /| RI NGP/  KURVEB, NCAV
LOG CAL JNRAMP, EBDRY
COMMON / LRI NGP/  JNRAMP, EBDRY

C
C spares.inc
C Contains "spare" variables which are witten to history
C along with everything else. These can be whatever the user
C wishes; these commons are avail able to CYCPROG and SHAZAM
C Also contains labels and units for spares used in history plots.
C
DOUBLE PRECI SI ON SPARE
COMMON / SPARES/ SPARE( NSPARE)
COMMON / CSPARES/ SPLABL( NSPARE) , SPUNI T( NSPARE)
CHARACTER* 14 SPLABL
CHARACTER*7 SPUNI T
C

C spchg.inc (edited) Paraneters not described are fromthe B conmand.
C PARAMETERS DEFI NI NG THE SPACE CHARCE & WALL | MPEDANCE ENERGY/ TURN
c
#i fdef dynmem
c
DOUBLE PRECI SI ON A, B, ENQ TCHGON, BWSC, TDELTA, ZTABL, EVFD,
1 RESTBL, RV0, RVODOT
c
#i f ndef _DYNMEM_ | NC
#i ncl ude "dynmem i nc"
#endi f
COMMON / SPCHGE A, B, ENQ TCHGON, BWSC, TDELTA, ZTABL( LTABL, 5),
1 EVFD( | FFT) , RESTBL( | RLLEN, 4), RVO(| RLLEN) , RVODOT( | RLLEN)

#el se
DOUBLE PRECI SI ON A, B, ENQ TCHGON, BWSC, TDELTA, ZTABL, EVFD, RESTBL,

1 ZRES, EVRES, RVO, RVODOT, DQ THTA, DQ, TDTBL, FI T, EVTD
COVMON / SPCHGE A, B, ENQ TCHGON, BWSC, TDELTA, ZTABL( LTABL, 5),

1 EVFD( | FFT) , RVO(| RLLEN) , RVODOT( | RLLEN) , RESTBL( | RLLEN, 4),
2 ZRES( MAXCVB) , EVRES( MAXCVB) , DQ MAXCVB) , THTA( MAXCVB) ,
3 DQ2( MAXCVB) , TDTBL( MAXCVB) , FI T( MAXCVB) , EVTD( MAXCVB) ,
4 DQDT( MAXCVB)
#endi f

I BWBC wi dth of bins in charge histogram TDELTA time step fromtine domain
I basis table file, ZTABL inpedance vs frequency spline table, EVFD collective
I voltage calculated in frequency domai n, RESTBL table of sinple resonances,
I EVRES col |l ective voltage from special time domain resonance cal cul ati on,
I TDTBL time domain basis function, EVID collective voltage fromtinme domain
I cal cul ati on.
I'l Variables not identified here or in command paraneter table are internediate
I'l result tables --- no touchee!
C
COMMON /1 SPCHE Nz, NR, NT, MSC, NBI NSC, NBRES, NBI NTD
LOG CAL SCON, FDON, FDSCON, QREZON, TDON
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I NZ no of entries in inpedance table, NR number of entries in resonance table,
I' NT no of entries in tinme domain basis table
COMMON / LSPCHGE  SCON, FDON, FDSCON, QREZON, TDON

tinmes.inc

A BLOCK TO CONTAI N CPU TI ME SI NCE START
DOUBLE PRECI SI ON CPUBEG, CPUNOW
COVMON/ XTI MES/ CPUBEG, CPUNOW
| NTEGER | TI ME, | RCOD1, | RCOD2
COWON | TI MES/ | TI ME, | RCOD1, | RCOD2
SAVE / XTI MES/, /1 TI MES/

version.inc

Record the version nunber for program docunentation & debuggi ng.
VERNUM i s the version of ESME

PVER i s the post-processor version nunber.

O0O0000O0

Versi on 2000. 1 August 2000

al pha_i treated consistently as deltaR/ R expansion coefficients (v. 7.2)
Contours for accel erating/decel erating bel ow above transition OK (v. 7.31)
BUCKIT tries starting points relative to both fixed points (v. 7.32)
Provi sion for generating flow contours including collective pot. (v. 8.00)
| mproved treatnent of collective potential (v. 8.03)
As documented in TM 1835 (v. 8.04)
Update for H GZ graphics et al. docunented in TM 1844 - v. 8.05
M sc cleanup for diverse platforms; additions to R F, B, & Mcmds docunent ed
in TM 1856, a re-issue of the User’'s CGuide 26 Aug 93 - v. 8.10
25 July 94 Format for conpl ex inpedance changed to f, z_ r, z_i (v. 8.12)

- Interpolation routine for LINBKT (I NTPGAM strengthened
18 Aug 94 - Voltage feedback (LOAVL, CYCPROG fixed for ranping (v. 8.13)
13 Nov 96 - Renoving DI 3000 and single precision options

- adding some distributions with | ow nunerical noise
23 Oct 97 - beginning of major overhaul including tine domain space charge

arbitrary particle species, and rmuch el se - called ESMY2K

31 Dec 98 - ESME-2000 New features, new docunentation, data inconpatibilities
05 Aug 00 - v.2001 Scaling for speed and nore dynami c allocation plus etc.
Not e on authorship - The code has been witten primarily by Janes MaclLachl an of

Peter Lucas - 1986 for Version 6 and DI -3000 graphics

St ephen Stahl - 1987-92 for Version 7 and H GZ graphics

Francois Ostiguy - 1996 for Version 8.2, esp. pgplot graphics and variabl e nmenory
run-time menory all ocation

O00000000000000000O000O00000O0O0

4.2 Makefileand Compilation Switches

For Unix systems there exists a M akefile which allows the code to be compiled in optional forms. It uses source files that have
extensions of .F for program and .inc for include files to be introduced by the C preprocessor. The existing source has prepro-
cessor directives for compiling an optional map where long-term numerical stability is an issue and for Sun and AlX system
dependencies. The Makefile is easily modified for debugging or optimized compilation and linking. A representitive version
follows:

SHELL
VPATH

/ bi n/sh
/ hone/ j macl ach/ esne/ JMaor k/ St ep9
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Makefile for ESME SUN4c architecture PGPLOT

June 1997

In case of difficulty please visit
http://ww« ap. f nal . gov/ ESME

for latest information, patches etc ...
or contact:

James MaclLaclan AD/M Ferm | ab macl achl an@ nal . gov
Francoi s Ostiguy AD/ AP Fermi |l ab ostiguy@ nal . gov

khkkkhkhkhkkhkhhkkhkhhkkhhhkhkhhkhkhhhkhhhkhk*k

Comment / uncomment as needed.
EIE IR R I R I b I R A I I 3 I I I I I b I b b b I

The C preprocessor conmand

HHEIFHFHFHFHEHFEHFHFEHFHFHEHFHHEHF TR

CCPP = Jusr/ccs/libl/cpp -P

#

# The X11 libraries

#

X11LIBS  =-L/usr/local/ap/ X11R6/1ib -1X11 -Isocket -Insl -Rusr/local/ap/X11R6/1ib
#

# The PGPLOT library

#

PGPLOTLIB = /usr/local /ap/lib/libpgplot.a

#

# SUN define for SUN

# DYNVEM define to enable dynami c nmenory allocation

# DBG define for debugging. Turns off buffering fort plots.

# CVCALC enabl e cal cul ation of collective potential (TD or FD)

# BNDRY enabl e boundary tests in inner |oop

# MODDEQ use nodi fied map i nstead of phase angl e change at transition
o

# SUNCS 5. X (SOLARIS) with SUN f77 Conpiler
o

Fr7 = 77

#DEFS= - DSUN

#DEFS= -DSUN - DDYNVEM

#DEFS= -DSUN - DDBG - DDYNVEM

#DEFS= - DSUN - DDBUG - DCVCALC - DBNDRY

DEFS= - DSUN - DDYNMEM - DCVCALC - DBNDRY

#DEFS= - DSUN - DDBUG - DCVCALC - DBNDRY - DMODDEQ

#FFLAGS = -g -C

FFLAGS = -fast -xarch=generic # optimzed for generic SPARC
#LDFLAGS= -g -C

LDFLAGS=-v -fast -xarch=generic -xlibnopt # optimzed math library

# - - - - - - - - - - - ..., TTTTCT
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# YOU SHOULD NOT HAVE TO CHANGE ANYTHI NG BELOW THI S LI NE !
# (except to put in any routines called from SHAZAM s)

OBIJDIR = ./
FCOWPI LE = $(F77) -c $(DEFS) $(FFLAGS)
LINK = $(F77) $(FFLAGS) $(LDFLAGS)

bi n_PROGRAMS = esne

# Source files for new PGPLOT graphics

#

GRAPHSRC = drawinit.F esinit.F esmain.F esquit.F
exclbnd.F grafset.F history.F nrplt.F
phplt.F pltcntur.F pltdens.F pltenrgy.F
pltfdvc.F pltfou.F pltphase.F pltresn.F
pltspchg.F plttdbf.F plttdvc.F pltthta.F
pltwav.F pltztab.F select.F \

— — - -

SHAZSRC = pltblv.F blkick.F blvolt.F \
shazam F shazaml. F shazanR2. F shazanB.F \
shazamd. F shazanb. F shazant.F shazanv.F \
shazanB. F shazanb.F \

esme_srcs = beansc. F bernst. F bf unct. F bl ockdat a. F \
bnch. F buckit.F chgdist.F contour.F \
cycprog.F delesc.F display.F dlaran.F \
dtabout.F engfm.F eloss.F fampout . F fa
fdvcoll .F fft.F ffti.F fftset.F \
fillbe.F fillbfg.F fillbg.F \

mphst . F \

fillbp.F fillbpr.F fillbr.F fillbu.F \
fillfix.F floline.F flowrg.F fourr.F \
freqnc. F gcd. F get.F getdat.F \
gl abl . F hiqres.F intpgamF inverf.F \
karve. F lentrue.F linbkt.F loop.F \
lowvl.F match. F nmbfctr. F \

mermal | oc. F menfree.F noments.F nrinit.F \
nrsave.F outlb.F outside.F phasflo.F \

point. F popul 8. F prefix.F prntout.F \
refcont.F rfprog.F ringpar.F \

rmoments. F rootf.F rtangl .F save.F \
septrix.F spline.F strays.F synch.F \
tablout.F tdvcoll.F topbtmF trap.F \
volts. F wght . F ztabout.F ztabspl.F \
${ GRAPHSRC} ${ SHAZSRC}

esne_objs = ${esnme_srcs:.F=.0}

esne_src2 = ${esnme_srcs:.F=.f}

. SUFFI XES:

.SUFFI XES: .c .f .F .0

=

$(CCPP) $(DEFS) $< > ${*F}.f
.f.o:

$(FCOWPI LE) $*.f
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es2001: $(esnme_objs) $(esnme_src2)
$(LINK) -0 es2001 $(esne_objs) \
$( PGPLOTLI B) $( X11LI BS)

cl ean:
/binftm*.0 *.f es2001

. NCEXPORT:

This example will probably fit most needs but is not a supported item. Individua circumstances are likely to require some
modifications. Notice the optional compilation for certain features of the code that involve IF testsin the innermost tracking
loop. When running on a pipelined machine, there can be some gain in efficiency in removing these testsif the datais such that
they are dways negative, i. e, if the corresponding feature is not being used. The use of the alternative single particle map is
discussed in Sec. 1.2

4.3 Sample SHAZAM Code

Thefollowing code isinteresting because it utilizesnearly every basic feature of the SHAZAM facility, viz,, explicitinitial-
izing cal, call at begining of iteration, call at end of iteration, use of severa program-wide commons, and use of private common
for lower level routines. It isthe upper level of routinesfor beam loading correction in which the initialization establishes the
cavity impedance, the call at the start of aturn calculates the correction, and the call at the end of theturn appliesthat correction
withaone-turn delay. Onefeature not exploitedin thisexampleisthe possibility of returning to the calling routine (TRAP) with
thelogical TOTRAP set true to request interruption of the tracking.

SUBROUTI NE SHAZAMR ( FROMTRAP, TOTRAP)
C
| MPLI CI T DOUBLE PRECI SION (A-H, O 2)
#i ncl ude "paraneters.inc"
#i ncl ude "bl ankcom i nc"
#i ncl ude "ringp.inc"
#i ncl ude "const.inc"
#i nclude "fourir.inc"
#i ncl ude "spchg.inc"
#i nclude "rfp.inc"
#i ncl ude "cycl p.inc"
#i nclude "current.inc"
#i ncl ude "bunch.inc"
#i ncl ude "bucket.inc"
#i ncl ude "curves.inc"
#i ncl ude " bkt sup.inc"
#i ncl ude "grafix.inc"
#i ncl ude "popl ate.inc"
#i ncl ude "heading.inc"
#i ncl ude "ganj np.inc"
#i ncl ude "feeds.inc"
#i ncl ude "spares.inc"
#i ncl ude "random i nc"
#i nclude "io.inc"

C
LOG CAL FROMTRAP, TOTRAP, PREMAP
SAVE PREMAP

C

#i ncl ude "shaz2.inc"

C

NAMELI ST / BMLD/
1 GAI N, RSHUNT, QCAV, DTUNE, | CAV, NHALF, A10U8
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TOTRAP=. FALSE.
C Initialize stuff fundanmental for beam | oading
| F(. NOT. FROMITRAP) THEN
PREMAP=. TRUE.
C Set default paraneters
CALL | NI TDAT
SPUNI T( 10) =" MeV
READ( KI NUNI T, BMLD)

DO 10 =1, 10
| F(1 CAV(1).EQ 0) GO TO 11
10  NCAVI T=I

11 NBBL=NBI NFFT
Bl NBL=THRNG DBLE( NBBL)
CALL RFFTI ( NBI NFFT, WBAVE)
RETURN
ENDI F
| F( PREMAP) THEN
C Compute voltage; store in EVBL().
CALL BLVOLT
ELSE
C Apply beam | oading voltage to particles
CALL BLKICK
ENDI F
PREMAP=. NOT. PREMAP
RETURN
END
SUBRCUTI NE | NI TDAT
| MPLI CI T DOUBLE PRECI SION (A-H, O 2)
C Set default values for NAMELI ST vari abl es
C
#i ncl ude "paraneters.inc"
#i ncl ude "shaz2.inc"
C
NHALF=2
GAl N=ZERO
DO 5 1=2,9
5 1 CAV(1)=0
| CAV(1) =1
DO 10 | =1, LTABL
10 A10U8(1)=0ONE
END

Acknowledgement (J. MacL achlan)
ESME has had important fundamental and technical contributionsfrom severa people over the years, most notably Peter
Lucas (1986—87), Steve Stahl (1987 —92), and Jean-FrancgisOstiguy (1996 —). Without these collaboratorsthe programwould

be less versatile and less reliable. To them and several others who have patiently explained their difficultiesand criticism | am
grateful. 1t isunlikely that devel opment would have continued without their help and encouragement.
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Appendix A

New and Obsolete | nput Parameters

It isconvenient to go back to old data sets which are close to what is needed for anew case, but theinput variables have changed
somewhat over the years. Nonetheless, the changes needed to modernize even fifteen-year-old data are not difficult so long as
one knows what has changed. The first table in this appendix lists al the variables which have become obsolete since v. 7.1
along with areplacement if thereis one. The second table gives new variableswhich have no close antecedent. A look at these
tables may suffice to give al the information needed for resurrecting ancient data.
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Table A.1: Obsolete variables and their replacements sincev. 7.1

Command || Obsolete name v. 2001 name Obsolete name | v. 2001 name
A EXCHRF VMATCHF
VMATCHI VMATCH
B NR (onfile) TSCON TCHGON
NZ (onfile) MAXFFTB NBINFFT
SCON various
C DELMIN DELMAX
L BLON BLFBON
BLFFON BLTFON
|CAV ENQ
RSHUNT QCAV
DTUNE GAIN
DELAY NHTF
IHTF COEFTF
PHSHTF WDTHFCTR
CHGFCTR NBBL
M MRTHBMIN MRBMIN MRTHBMAX | MRBMAX
N MRTHPMIN MRPMIN MRTHPMAX | MRPMAX
SMOOTH (logical) | SMOOTH (integer)
(0] TITLE (logical) TITL (string) RBMIN CVBMIN
IOPT IRF RBMAX CVBMAX
MTCHSI ICONTUR (=2) MTCH95 ICONTUR (=4)
SCBMIN CVBMIN SCBMAX CVBMAX
IDEV IMETA
P ISEED SEED
R EKOI WOl EKIDOT WOIDOT
EKOF WOF EKFDOT WOFDOT
GAMMAT (GAMTSQ)
T MOMNTS NCAV (in R command)
Y KMAXRB KMAXCVB
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Table A.2: New variablessincev. 7.1

Command

A FILCRV

B FILRES FILIMP FILTDB NBINSC
SCON TDON FDON FDSCON

C STVAL STATIC PLTBKT

H NWRT XCRNR YCRNR
XAXISL YAXISL

L FILBWD

M IPU FASPEC FPSPEC

N OBJWGT ITNO XCRNR
YCRNR XAXISL YAXISL

(0] THEXCMI | THEXCPL | DEEXCMI DEEXCPL
SEXCL ICONTUR | XCRNR YCRNR
XAXISL YAXISL

P RENORM

R CRA CRB CRC TR3
POI POF POIDOT POFDOT
NCAV INRAMP GAMTSQ
EMOCSQ CHGNO

T RSCALEO | HISTSIZ NOBDRY

Y KNPHASE | KMAXPTS | KMAXCVB
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Appendix B

Post-Processing

For those users who wish to process ESME dataindependently of the program, a post-processor optionis provided.! When this
optionisin effect, any plotting routine calls are substituted for by writes of ESME’'s common blocks (containing essentially all

of the information about the current state of the simulation) to FORTRAN unit 18 using subroutine SAVE. Later, thisfile may
be read using subroutine GET. The code for a graphics post-processor is appended here as an example. The plotting routines
employed here are the same ones imbedded in ESME. This graphics driver is modelled after the main program. Asin ESME,

one-letter commands initiate various routine calls and namelist reads. Since the plotting routines are those of ESME, for which
the graphical output optionsset in the O Command were specifically intended, the user can construct plots using those options
set during the running of the program as retrieved from COMMON. Those employing other graphics routines may wish to
implement another sort of interface entirely (e.g. menu-driven), with an entirely different set of output options.

PROGRAM ESMEPLOT

C This program "post-processes" ESME output data. It may read and pl ot
C history data or process the output file generated by ESME during a run.
C
C Updated to ESME v. 8.0 26-Feb-93 -- J. MaclLachl an
C

| MPLI CI T DOUBLE PRECI SION (A-H, O 2)

I NCLUDE ’ grafix.inc’

| NCLUDE ’ curves.inc’

| NCLUDE ’ version.inc’

DATA NCDRAW PGSTP /. TRUE. , . FALSE. /

CHARACTER*1 CMND

CHARACTER* 74 WORDS

LOG CAL EXFG DONE

CHARACTER* 128 GRAFI L, HFI L, MRFI L, OHFI L, OGRAFI L, OVRFI L

DATA GRAFI L, HFI L, MRFIL /3*" "’/
C

PRI NT 19, PVER
19 FORMAT(// 1X,' ESME RF PLOTTI NG PROGRAM : VERSI ON NUMBER IS ', F5. 2)
C
C Return point after execution of a conmand.
10 CONTI NUE
C READ SINGLE LETTER COMVANDS.
PRI NT *,’ ENTER COMWAND: '’
READ( 5, 2000) CMND, WORDS
2000 FORMAT( AL, 4X, A74)
PRI NT 2020, CMN\D, WORDS
2020 FORMAT(® CMND IS ', Al,’ ', A74)
GO TO (100, 200, 300, 400, 500, 600, 700, 800, 900)

1POSTP=T, O Command, Section 2.2.4.

65



OO0

OO0

OO0

| NDEX(" CDGHZXUNQ , CMND)
PRI NT*, " THE | MPLEMENTED COVMMANDS ARE’

PRI NT*, O SET QUTPUT OPTI ONS'

PRI NT*, D: DI SPLAY PHASE SPACE W TH CURRENT PLOT PARAMETERS
PRI NT*, G GET A RECORD FROM TAPE 7’

PRI NT*, H RETRI EVE AND PLOT HI STORY DATA FROM TAPE 9’

PRI NT*, Z: REW ND TAPE 7’

PRI NT*, X: PLOT RENMAI NDER OF TAPE 7’

PRI NT*, U= CHOOSE GRAPHI CS ANDY OR HI STORY FI LES

PRI NT*, N: COVPOSE AND DI SPLAY MOUNTAI N RANGE PLOT’

PRI NT*, Q STOoP

Stop if the command wasn’t recogni zed.

O

100

D

200

210

STOP
OPTI ONS FOR QUTPUT GRAPHI CS

CALL GRAFSET
GO TO 10

Dl SPLAY GRAPHI CALLY PHASE PO NTS AND ( OPTI ONALLY) BUCKET

CONTI NUE
| F(1 CONTUR. GT. 0) CALL REFCONT
DO 210 =1, NC
CURVE( |, 1) =CURVE( | , 1) +DTHCURV
CURVE( | , 2) =CURVE( | , 2) +DECURV
CONTI NUE

Pl ot distribution.

G

300

CALL PHPLT
GO TO 10

GET COCRDI NATES AND MACHI NE PARAMETERS

PRI NT *, ' READI NG COORDI NATES AND MACHI NE PARAMETERS

Save logical telling us whether we have initialized
graphi cs package or not and reset it after restoring COVMONS.

400

500

SAVND=NODRAW

CALL CET(. TRUE., | TURN, DONE)
NCDRAWESAVND

POSTP=. FALSE.

PRI NT *, ' DATA FOR TURN ', | TURN,” READ
GO TO 10

H STORY OF | MPORTANT PARAMETERS COLLECTED ON TAPE9 EACH STEP

CALL HI STORY(. TRUE.)
GO TO 10

REW ND CGRAPHI CAL OUTPUT TAPE TO BEG NNI NG ( NOW THE
ONLY WAY TO GET AT A RECORD BEFORE THE CURRENT ONE)

REW NDX 7)

Save logical telling us whether we have initialized
graphi cs package or not and reset it after restoring COVMONS.

SAVND=NODRAW
CALL CET(. TRUE., | TURN, DONE)
NCDRAWESAVND
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POSTP=. FALSE.
PRI NT *, ' DATA FOR TURN ', | TURN,” READ
GO TO 10

X: JUST PLOT EVERYTH NG FROM HERE ON OUT

600 CONTI NUE
Save logical telling us whether we have initialized
graphi cs package or not and reset it after restoring COVMONS.
SAVND=NODRAW
CALL CET(.TRUE., | TURN, DONE)
NODRAWESAVND
| F(DONE) THEN
PRI NT *,” ALL PLOTS COWPLETED
G0 TO 10
ENDI F
PRI NT *, ' DATA FOR TURN ', | TURN,’ READ
| F(1 CONTUR. GT. 0) CALL REFCONT
| F(DTHCURV. EQ 0 . AND. DECURV. EQ 0) GO TO 620
DO 610 I=1, NC
CURVE( |, 1) =CURVE( | , 1) +DTHCURV
CURVE( |, 2) =CURVE( | , 2) +DECURV
610 CONTI NUE
620 CALL PHPLT
GO TO 600

Use specified graphics and history files.

700 CONTI NUE
OGRAFI L=GRAFI L
OHFI L=HFI L
OVRFI L=VMRFI L
NAMELI ST /USEFI L/ GRAFI L, HFIL, MRFIL
READ( 5, USEFI L)
| F(GRAFI L . NE. OGRAFIL) THEN
First close old file if this is a new one
| F(OGRAFI L. NE." ') CLOSE(UNI T=7)
See if the requested file exists.
| NQUI RE( FI LE=GRAFI L, EXI ST=EXFGQ
Exit if it doesn't
| F(. NOT. EXFG) THEN
PRI NT *,’ FI LE NAMED ', GRAFI L, CANNOT BE FOUND '’
GOTO 710
ENDI F
Print reassurance if it does
PRI NT *,’ GRAPH CAL DATA FROM FI LE' , GRAFI L
Open the requested file. Note that we haven't read
anyt hi ng yet.
OPEN( UNI T=7, FI LE=GRAFI L, ACCESS=" SEQUENTI AL’ ,
1 STATUS="' OLD )
ENDI F
710 CONTI NUE
| F(HFIL . NE. OHFIL) THEN
First close any old history file.
| F(OHFI L. NE.' ') CLOSE(UNI T=9)
See if the requested file exists.
| NQUI RE( FI LE=HFI L, EXI ST=EXFQ
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OO0

OO0

Exit if it doesn't
| F(. NOT. EXFG THEN
PRI NT *,’ FILE NAVED ', HFI L, CANNOT BE FOUND '’
GO TO 720
ENDI F
Print reassurance if it does
PRI NT *,’ H STORY DATA FROM FI LE , HFI L
Open the requested file.
OPEN( UNI T=9, FI LE=HFI L, ACCESS=" SEQUENTI AL’ ,
1 STATUS=" OLD )
ENDI F
720 CONTI NUE
I F(MRFIL .NE. OVRFIL) THEN
First close old file if this is a new one
| F(COWRFI L. NE.” ') CLOSE(UNI T=20)
See if the requested file exists.
| NQUI RE( FI LE=MRFI L, EXI ST=EXFGQ)
Exit if it doesn't
| F(. NOT. EXFG THEN
PRI NT *,’ FILE NAMED ', MRFI L,’ CANNOT BE FOUND '’
GOTO 730
ENDI F
Print reassurance if it does
PRI NT *,’ GRAPHI CAL DATA FROM FI LE , MRFI L
Open the requested file. Note that we haven't read
anyt hi ng yet.
OPEN( UNI T=20, FI LE=MRFI L, ACCESS=" SEQUENTI AL’ ,
1 STATUS=" OLD )
ENDI F
730 CONTI NUE
GO TO 10

M DI SPLAY MOUNTAI N RANGE( s)
800 CONTI NUE
CALL MRPLT
GO TO 10
Q QUI T PROGRAM ENTI RELY; NOTHI NG FURTHER TO DO

900 CONTI NUE
PRINT *, " QU T COMVAND

| F(. NOT. NODRAW CALL ....... I Close graphics files

STOP
END
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Appendix C

Command Table Summary

A Command, Namelist /RF/

Default
Variable Value Unit Description
NRF 1 - Number of active RF sources
H(1:10) 1 - Harmonic numbers of sources (integers)
HW(1:10) 1 - Voltage sources will be expressed over the 9 range —180° /HW < 0 < 180° /HW to produceisolated buckets
or barriers
ISYNC 0 - Indicates synchronism condition to be imposed on RF:
0 — None, voltages and phases remain as programmed
1 — Phase of RF waveform shifted to synchronous, stable point
2 — Magnitude of RF waveform scaled to give correct synchronousenergy gain
3 —Source 2 Landau cavity to source 1, synchronism assured only for sources 1 and 2
VI1(1:10) 0.0 MV Voltage of sourcel at time TVBEG(I)
VF(1:10) 0.0 MV Voltage of sourcel at time TVEND(I)
TVBEG(1:10) 0.0 S Time corresponding to beginning of RF voltage change
TVEND(1:10) 0.0 S Time correspondingto end of RF voltage change
KURVE(1:10) 0 - Specifies type of RF voltage variation between times TVBEG and TVEND:
0 — None, voltage maintained at VI(I)
1-Linear
2 —|so-adiabatic
3-—Sigmoid
4 —Fit and cubic splineinterpolation of voltagetable®
5 — Simple parabola, initial sope zero
VKON T - Indicateswhether programmed voltage curvesareto be active
PSI1(1:10) 0 deg Phase of sourcel at time TPBEG(I)
PSIF(1:10) 0 deg Phase of sourcel at time TPEND(I)
TPBEG(1:10) 0.0 S Time corresponding to beginning of RF phase change
TPEND(1:10) 0.0 S Time correspondingto end of RF phase change
KURVP(1:10) 0 - Specifies type of RF phase variation between times TPBEG and TPEND:
0 - None, phase maintained at PSII(1)
1-Linear
2 - Quadratic
4 - Fit and cubic splineinterpolation of phasetable®
PHKON F - Indicateswhether or not phase curvesare to be active
FRI(1:10) 0.0 MHz | Frequency of sourcel at time TFBEG(I)
FRF(1:10) 0.0 MHz | Frequency of sourcel at time TFEND(I)
TFBEG(1:10) 0.0 S Time corresponding to beginning of frequency change
TFEND(1:10) 0.0 S Time corresponding to end of frequency change
KURVF(1:10) 0 - Specifies type of frequency variation between times TFBEG and TFEND:
0 - None, frequency maintained at FRI(1)
1-Linear
2 - Quadratic
3- Sigmoid
4 - Fit and cubic splineinterpolation of frequency table®
FRKON F - Indicateswhether frequency curves areto be active
FILCRV 'DUMMY’ - Full path for rf curvesfile
CNTINU(1:10) F - Sets the starting voltage, phase and/or frequency for the corresponding sources to the current values— for smoothly
piecing curve segmentstogether
VMATCH(1:10) F - For sourcel, VM ATCH(I) = T resultsin the VI(I) being set so that source | is matched to the current distribution
emittance”®
HOLDBH F - Switch to calculate the voltage of principal source® to hold the current bucket height. (see also HDECR)
HDECR 1.0 - Factor by which bucket height for principal source® is to be adjusted on successiveturnsif HOLDBH = T
HOLDBA F - Switch to calculate the voltage of principal source® to hold the current bucket area. (see also SDECR)
SDECR 1.0 - Factor by which bucket areafor principal source® isto be adjusted on successive turnsif HOLDBA = T
PHISLIM .95 - Voltage may not be reduced such that sin ¢, > PHISLIM using optionsHOLDBH and HOLDBA
PHSLIP F - Switch indicating that the phase of at least one sourceis to be varied to correspond to an energy offset from the syn-
chronousvalue (see DELTRF)
DELTRF(1:10) 0.0 - Energy offset (A E)) at which sourcel isto be operated

aFit to valuesread from file. See Section 3.2.2.
bwhich means, in thisinstance, that a P command, or its equivalent, should precedethe A command.
®The constant bucket area or bucket height is calculated from the rf source which gives the greatest bucket height.
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B Command, Namelist /SCHG/

Default
Variable Value Unit Description
A 0.005 m Effective beam radius
B 0.05 m Effective beampiperadius
ENQ 2..107° - Number of protonsto be represented by the distribution
NBINSC 100 - Number of binsfor histogram of charge distribution
MSC 1 - Collective effects are to be calculated M SC times between rf cavities®
TCHGON 0. S End of period starting at TIME = 0. in which beam charge is ramped linearly from 0. to ENQ
SCON F - Activate time domain perf. cond. wall calculation
TDON F - Activate time domain wake field calculation with supplied response function®
FDON F - Activate frequency domain wall impedance calculation
FDSCON F - Activate frequency domain calculation of perf. cond. wall voltage
QREZON F - Activate time domain cal culation for high-Q resonance
NBINFFT 256 - Number of binsto be used in Fourier transform
MFFT 1 - Interval (in turns) between Fourier transforms
NNF © 0 - Number of fourier harmonicsto be stored in history
NF(L:NNF)© 0 - Harmonic numbersof fourier spectrum componentsto be stored
NBRES 1000 - Number of time dlices for time domain solution of high-Q resonator
NIXNOIS 0 - Three-way switch to control smoothing of charge distribution
-1=> 1-2-1 averaging of adjacent bins
0=> no smoothing measures
1=> Bernstein polynomial smoothing
ITKNT 1 - Number of iterations for either 1-2-1 or Bernstein smoothing
OBWGT 0.05 - Weight of fitting vs. smoothing in object function for Bernstein smoothing
FILIMP 'DUMMY’ - Full path for file containing the impedancetable
FILRES 'DUMMY’ - Full path for file containing the resonancelist
FILTDB 'DUMMY’ - Full path for file containing time domain responsebasis

8The number of such calculations per turn will be MSC*NCAV; NCAV is a parameter of the R command.
bsee Appendix 3.2.6
CFor instruction in the use of NF(1:NNF), see the description following the F command.

C Command, Namelist /FLOW/

Default
Variable Value Unit Description
LINES 2 - The number of flow linesto be drawn
STVAL 0.,0. a LINES 9, E starting values for contours
STATIC .TRUE. - Contours drawn with parameters fixed at initial values for STATIC = .TRUE.; parameters vary according to their
programsfor STATIC = .FALSE.
PLTBKT .TRUE. - Option switch to include bucket contour on flow line plot
TSTOP? 0. 5 End of interval over which maps are generated
TTRACK® 0. S Time over which periodic flow mapswill be generated
ACCELO 1.0 - Number of beam turns per step between mappings
PARTION F - Switch indicatesif pointson separate flow lines belong to different partitions of the phase points
ITRAP(1:4) 1 - Flags a condition for which the C command should be interrupted; see T command for values
ETATRP .001 - Trapping parameter; see T command
PHISTRP .95 - Trapping parameter; see T command
MGRACE 0 - Trapping parameter; see T command

aStarting valuesfor contourshave units degrees,MeV.
bTSTOP set to 0. when calculation complete or interrupted by an ITRAP option.
CTSTOP takes precedence; if TSTOP=0., TTRACK determines duration.

F Command, Namelist /FFT/

Default
Variable Value  Unit Description
FFTON F - Activate Fourier transform calculation
FFTOUT F - If TRUE, Fourier transformis printed
NBINFFT 256 - Number of binsto be used in FFT
NNF 0 - Number of fourier harmonicsto be stored in history
NF(1:NNF) 0 - Harmonic numbers of fourier spectrum componentsto be stored
MFFT 1 - Frequency of Fourier transform calculation
NIXNOIS 0 - Three-way switch to control smoothing of azimuthal histogram
-1=> 1-2-1averaging of adjacent bins
0 => no smoothing measures
1=> Berngtein polynomial smoothing
ITKNT 1 - Number of iterationsfor either 1-2-1 or Bernstein smoothing
OBWGT 0.05 - Weight of fitting vs. smoothing in object function for Bernstein smoothing
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H Command, Namelist /HISTRY/

Default
Variable Value Unit Description
NPLT(1:2,1:50) 0F - Index of element in history records; NPLT(1,I) isindependent variable, NPLT(2,1) is dependent variable

Real records:

1-Time

2— PHIS, the synchronous phase on same scale as 9°

3-PDOT, dps /dt

4 —-THBAR, the mean value of 6 for the distribution

5—-EBAR, the average energy of the distribution

6—THRMS, therms spread in 6 of the particles

7 -ERMS, the rms energy spread

8- ES, the synchronousenergy

9 - EO, the energy on the reference orbit

10-ESEO

11 — THREF, the azimuth of a particle tracked from (0,ES)

12 - EREF, the energy of a particle tracked from (0,ES)

13— EPSILON, the emittance®

14 — NUS, the synchrotronfrequency

15— SBCKT, the RF “bucket” areafor the principal system®

16 — HBCKT, the RF “bucket” height for the principal system

17-ETA, 7;2 — 72

18 — RSCALE; see T command

19-TAU, synchronousrevolution period

20— PSIADD, phase feedback; see L command

21 - DAMPL, voltage feedback factor; see L command

22 - DELR, synchronousorbit radius - referenceorbit radius

23— VPKFD, peak voltage from collective potential in frequency domain

24 -VPKTD, peak voltage from collective potentia in time domain

25— VPKHQ, peak voltagefrom resonancesin time domain

26— BNCHFCT, bunching factor (I,) /T,

Integer records:

31-TURN NUMBER

32— KNTSC, number of particlesin e, # 0 partition of distribution

Array records:

51-100—- SPARE(1-50)

101-110- EV(1-10)

111-120- PSI(1-10)

121-130- FREQ(I)-FRI (1), Changein frequency of sourcel

201-250— FAMPL (1-50), Fourier amplitudes; see F command

251-300— FAZE(1-50), Fourier phases; see F command

NWRT(1:2,1:50) 0* - Indicesof elementsin history records, workslike NPLT but writes recordsto FORTRAN UNIT 19

XCRNR 135. 0.001 | Fraction of full width of plot frame between lefthand edge and left side of plot
YCRNR 69.0 0.001 | Fraction of full height of plot frame between bottom edge and bottom of plot
XAXISL 750. 0.001 | Plotwidthasafraction of frame width
YAXISL 475. 0.001 | Plot height asafraction frameheight

3The default value of 0 indicates to SUBROUTINE HISTORY that all of the desired history plots have been generated, so only the first set of consecutive
nonzero entriesto array NPLT or NWRT will select data.

bSee A command description.

CEPSILON = ANORM T(\/Z 62> E2 — (3 6,E;)?)/N eVs; seetext for ANORM.

4The principal system is the one giving the greatest bucket height.

K Command, Namelist /KUTY

Default
Variable Value  Unit Description
KUT 0 - Cut thelast KUT particlesfrom the distribution
KNTSET 0 - Reset particle count
< 0 = KNTSC — 0; removeshbunch-typedistribution
> 0 = KOUNT — 0; removesentiredistribution
K1 0 - Starting point for a partial removal of the distribution
K2 a - End point for partial removal of distribution
KLASS 0 - Selects a partition of the distribution to be removed®
aDefaultsto KOUNT

bSee PARTION in P command
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L Command, Namelist /LLRF

Default
Variable Value Unit Description
PHFBON F - Activates phase feedback
NTUAVG 1 - The number of past turns to average in computing the feedback; the default NTUAVG = 1 representsinfinite-
bandwidth feedback
NTURES 1 - The number of turnsfor the feedback to respond; the present signal is comparedto the signal of NTURES turns ago.
ITFB 0 - Theform of phase feedback:
0 - Critical damping
1 — Critical damping; gain reduced proportionally to -2 within non-adiabaticinterval
2 —Fixed
3 —Fixed; gain reduced proportionally to % within non-adiabaticinterval
FBFACT 1.0 - Thegain applied to the phase feedback
USEWT F - Appliesweight function W to phase signa over NTUAVG turns
W(L:NTUAVG) 0.0 - Weight function multiplying phase signal
DLIMIT 5.7296 deg The upper limit on the magnitude of the phase feedback on agiven turn
VFBON F - Activates voltage feedback
VFBFCTR 1.0 - Thegain applied to the voltage feedback
VLIMIT 1 - Limit on the fraction of voltage feedback (DAMPL)
FILBWD 'DUMMY’ - Name of time/bunch length curve for voltage feedback (see text)
ETAJMP 0.0 - Thevalue of n? at which to jump the phase of the RF
a77 — ,\/;2 _ ,\/72
M Command, Namelist MRANGE/
Default
Variable Value Unit Description
IPU TRUE - Set display to beam current
FASPEC FALSE - Set display to fourier amplitude spectrum
FPSPEC FALSE - Set display to fourier power spectrum
TMBEGIN 0.0 S Time at which to start saving mountain range data
TMEND 0.0 S Time after which to stop saving mountain rangedata
MRMPLOT 1 turn | Turninterval at which to record mountain range data
MRNBIN 100 - Number of binsin plot range MRBMAX - MRBMIN
MRBMIN a Minimum abscissa for mountain range
MRBMAX D Maximum abscissa for mountain range

aDefaultsto —180° /FRAC for current pickup data and to one for fourier amplitude or power spectrum.
bDefaultsto 180° /FRAC for current pickup dataand NBINFFT/2 for fourier amplitude or power spectrum.

N Command, Namelist / MRPLOT/

Default
Variable Value Unit Description
MRPMIN 0.0 - Minimum abscissa value for mountain range plot
MRPMAX 0.0¢ - Maximum abscissa value for mountain range plot
NTRACE 100 - Number of traces on page
NSKIP 0 - Number of recordsto be skipped between each trace
TOPTOB 0.7 - Thefraction of the vertical range over which NTRACE traces are to be plotted (approximateif TBASE=T)
SCALE 0.3 - The height of thefirst trace, in unitsin which the entire vertical range of the plotis 1.0
MSTART o° Turn number at which to start plots
MSTOP o° - Turn number at which to stop plots
TMSTART 0.0° s Time at which to start plots
TMSTOP 0.0° s Time at which to stop plots
TBASE F - Switch causing plot trace separation to be proportional to time
NRNBIN 100 - Number of pointsto plot on atrace
SMOOTH 0 - Smoothing option
-1— 1-2-1averaging of adjacent bins
0 — No smoothing
1 — Bernstein polynomial smoothing
OBMWGT 0.05 - Weight of fitting term of object function w/ smoothing term for polynomial smoothing
ITNO 1 - Number of iterationsfor either 1-2-1 or Bernstein smoothing
LIM F - Switch for plotting dotted lines connecting Ieft-most and rightmost non-zero points of consecutivetraces®
XCRNR 135. 0.001 | Fraction of full width of plot frame between lefthand edge and Ieft side of plot
YCRNR 69.0 0.001 | Fraction of full height of plot frame between bottom edge and bottom of plot
XAXISL 750. 0.001 | Plot width asafraction of framewidth
YAXISL 475. 0.001 | Plot height asa fractionframe height

aDefaults of 0.0 for MRPMIN and MRPMAX imply datais to be plotted over its entire range; abscissa units are degrees for IPU=T and harmonic number

for FAXSPEC=T.

bThe defaults of 0 for MSTART and MSTOP, or 0.0 for TMSTART and TMSTOR, imply that all mountain range records are to be plotted
CSMOOTH = 1 also required.
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O Command, Namelist /GRAPH/

Default
Variable Value  Unit Description
MPLOT 1000 turn Output every MPLOT turns
POSTP F - Write all datain COMMON blocks to unit 18; do not call plotting routine.
TITL exists - String of up to 50 charactersfor plot headings
PLTSW Select plot options:
@ T - Draw phase space plot
2 T - Plot phase space points (different symbol for each class)
(©)] F - Interconnect pointswithin each class
4) F - Draw lines at centroid and +o
(5) F - Draw voltage waveform
(6) F - Set plot boundariesto turning points of contour
@ F - Suppress captions, axis labels, etc.
8) T - Plot 6 histogram
9) F - Set 6 histogram limits to turning points of contour
(10) T - Plot E histogram
(11) F - Set E histogram limits to turning points of contour
(12) F - Plot fourier amplitudes
(13) F - Includephasesin plot of fourier spectrum
(15) F - Plot the real and imaginary impedance from the input
a7) T - Start bucket contour at unstable fixed point @
(18) T - Start bucket contour above stable fixed pointat E = Eg + Hpckt
(19) F - Plot flow Tine points (different symbol for each class)
(20) F - Interconnect flow line points within each class
(21) F - Bunch perf. cond. wall voltagevs. ¥
(22) F - Includedistribution in previousplot
(23) F - Weke field (time domain) voltagevs. 9
(24) F - Includedistribution in previousplot
(25) F - Frequency domainvoltagevs. 9 (inc. perf. cond. wall if FDSCON =T)
(26) F - Includedistribution in previousplot
27) F - Voltage from special time domain calculation for resonatorsem vs. J
(28) F - Includedistribution in previousplot
(29) F - Create don’t-plot areain phase plane defined by four points®
(30) F - Create don't-plot areain phase plane defined by matched contour®
(31 F - PLTSW(31)=T defines don’t-plot area outside closed figure
NPIMP 1 - In phase space plot, plot only every NPIMPth point
KLPLOT 0 - Select classes in phase space plot and projections(see Sec. 2.2.3)

0 — All classes plotted
1 < KLPLOT < KLASSES — Plot classKLPLOT only

IRF 1 - Selects voltage source for contour plotting:
< 0 — No contour plotted

0-All active (NRF) sources

1-10 — SourceIRF (1 < IRF < NRF)

ICONTUR 1 - Select the type of referencecontour to plot on phase space plot @
0 — No contour

1 — Bucket contour

2 — Contour of initial bunch area SBNCH

3 — Contour of the specified area REFAREA

4 — Contour containing 95% of the particles

5 — Flow lines chosen by LINES, ELMIN, and ELMAX

REFAREA 0.1 eVs Areaof reference contour for ICONTUR = 3

LINES 1 - Number of flow linesfor ICONTUR =5
ELMIN 0. MeV | Energy aboveE; for first flow line®
ELMAX 1. MeV | Energy of top flow line
THPMIN 0.0° deg Lower 6 limit for phase space plot

THPMAX 0.0° deg Upper 6 limit for phase space plot

DEPMIN 0.09 MeV | Lower E limit for phase space plot

DEPMAX 0.0¢ MeV | Upper E limit for phase space plot

IEREF 1 - Determines energy origin for phase space:
1 — EO, thereferenceenergy (often = ES)
2 — ES, the synchronousenergy

3 — EBAR, the average particle energy

4 — EREF, the reference particle energyh

aAt least one of PLTSW(17) or PLTSW(18) must be true for ICONTUR=1 else program sets both .TRUE.

bsee definitions of THEXCMI, THEXCPL,DEEXCMI,DEEXCPL

Csee definition of SEXCL

dFor ICONTUR = 0 or 5, the SBCK T and HBCK T values are calculated from the principal rf system only, the system producing the greatest bucket height.
®Program will modify ELMIN < 0.

fTHPMIN and THPMAX both 0.0 resultsin a plotting range —180° /FRAC < 6 < 180°/FRAC.

9DEPMIN and DEPMAX both 0.0 resultsin a plotting range approximately the range of particle energies

hA particle which ESME tracks from the origin (0,ES) as areference.
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O Command, Namelist /GRAPH/, continued

Default
Variable Value Unit Description
NBINTH 50 - The number of binsfor the 6 histogram
THBMIN 0.0 deg Lower limit for 6 histogram
THBMAX 0.0° deg Upper limit for 6 histogram
NBINE 50 - The number of binsfor the E histogram
EBMIN 0.0° MeV | Lower limit for E histogram
EBMAX 0.0 MeV | Upper limit for E histogram
IFBMIN 1 - Lower limit for FFT plot - If specified, specify IFBMAX also
IFBMAX 0° - Upper limit for FFT plot
CVBMIN 0.0° deg Lower 6 limit for all collective voltageplots
CVBMAX 0.0" deg Upper limit for al collective voltage plots
THEXCMI 0. deg Lower thetavalue defining rectangular don’t plot area
THEXCPL 0. deg Upper theta value defining rectangular don’t plot area
DEEXCMI 0. MeV Lower energy value defining rectangular don’t plot area
DEEXCPL 0. MeV Upper energy value defining rectangular don’t plot area
SEXCL 0. eVs Areaof matched contour defining a don’t-plot area
DTHCURV 0.0 deg Amount by which contour will be movedin 6 direction
DECURV 0.0 MeV Amount by which contour will be movedin E direction
DELCON .01 - Determinebucket to precision DELCON* 360° w/ RF
KNTLIM 500000 - Number of iterations of difference equation which will be attempted to close contour
XCRNR 135. 0.001 | Fraction of full width of plot frame between lefthand edge and left side of plot
YCRNR 69.0 0.001 | Fraction of full height of plot frame between bottom edge and bottom of plot
XAXISL 750. 0.001 | Plotwidth as afraction of frame width
YAXISL 475. 0.001 | Plot height asafraction frame height

aLimits of 0.0 for both THBMIN and THBMAX result in the plot range being the same as for the phase space plot.
bLimits of 0.0 for both EBMIN and EBMAX result in the plot range being the same as for the phase space plot.
CIFBMAX = Oresultsin the upper limit being the greatest Fourier harmonic computed.

dimits of 0.0 for both CVBMIN and CVBMAX result in the range for the plot being +£180° /FRAC.
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P Command, Namelist /POPL8/

Default
Variable Value Unit Description
KIND 1 - Chooses thetype of distribution to be generated:
1-Rectangular outline, NTH by NE points, limited by THMIN, THMAX, REMIN, REMAX
2-Uniformrectangular grid NTH by NE, limitsasin KIND = 1
3-Random uniform distribution of NPOINT pointswithin rectangular limitsasin KIND = 1
4-Randomuniformin €, limits THMIN, THMAX; Gaussian in E, REMIN, REMAX = 420, NPOINT points
5-Gaussianin 6, THMIN,THMAX = £2¢; random uniformin E, limits REMIN, REMAX, NPOINT points
6-Rectangular grid, regularin 8, Gaussianin E, NTH by NE points
The remaining distribution types, except for 11, 12, 15, and 20 are matched, the distribution limited by a contour of
SBNCH eVs.
7-Bunchoutline of NPOINT particles
8-Regular grid of approximately NTH by NE particles
9-Random uniform bunch of NPOINT particles within contour
10-Bi-Gaussian distribution of NPOINT particles, 95% within contour
11-NPOINT uniformly spaced particles on flow linesjust above and below bucket boundary
12-NPOINT particles, random uniformin E, limits REMIN,REMAX, parabolicin 6, limits THMIN,THMAX
13—Parabolicdistribution of NPOINT particles
14—Elliptical distribution of NPOINT particles
15-NPOINT particles, randomuniformin 6, limits THMIN,THMAX; parabolicin E, limitsat REMIN,REMAX
16-NPOINT particles within matched contour, low-noise uniform quasi-random
17-NPOINT particles within matched contour, low-noise gaussian quasi-random
18-NPOINT particlesin matched contour, low-noise uniform pseudo-random (Sobel sequence)
19-NPOINT particlesin matched contour, low-noise gaussian pseudo-random (Sobel sequence)
20-NPOINT particles, pseudo-randomwithin limits REMIN,REMAX, THMIN,THMAX
21-Read particle coordinatesfrom file FILDST into a single partition
22-Place apointer particle at THMIN,REMIN and oneat THMAX,REMAX, in seperate partitions
NPOINT 1 - Number of particles generated for all distributionsexcept KIND = 1,2, 6, 8, in which NTH and NE are used
NTH 2 - Number of grid pointsin 6 direction
NE 2 - Number of grid pointsin E direction
THMIN -90.0 deg Lower 6 limit on rectangular distributions
THMAX 90.0 deg Upper 6 limit on rectangular distributions
REMIN None MeV Lower energy limit on rectangular distributions; relative to the synchronousenergy, ES
REMAX None MeV Upper energy limit on rectangular distributions
SBNCH 0.1 eVs Areawithin limiting contour
IPOP 1 - Specifies RF sourcefor generating bunch limiting contour:
0-All active (NRF) sources
I-Sourcel (1 < I < NRF)
THOFF 0.0 deg Amount to displace distribution generated in current call to POPUL8 in 6 direction
EOFF 0.0 MeV Amount to displace currently generated distributionin E direction
THTRAN 0.0 deg Amount to displace all particles (generatedin thisand previouscalls to POPULS8) in 6 direction
ETRAN 0.0 MeV Amount to displace all particlesin E direction
WINJ 0.0 MeV Injection energy; when WINJ and PINJ both have default value of 0.0 injection is at energy E, of central orbit
PINJ 0.0 MeV/c | Injection momentum,; alternate for WINJ above (q. v.)
PARTION F - Partition distributioninto separate classes,? each separate use of the P commandwith PARTION =T introducesanew
partition
RENORM F - Calculate ANORM for matched bunch so that EPSILON = SBNCH. RENORM isreset to .FAL SE. at each use.
FILDST 'DUMMY’ - Name of afile containig a coordinate pair count and coordinatepairsin succeeding recordsfor KIND=21

aDifferent classes of particles may be plotted with distinct symbols.
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R Command, Namélist /RING/

Default
Variable Value Unit Description
REQ None m The referenceradiusfor the central orbit
GAMTSQ None - Square of transition v (< 0 acceptable)
ALPHA1 0.0 - Coefficient of (Ap/p)? in series expansion for length difference between particle trajectory and reference orbit
ALPHA2 0.0 - Coefficient of (Ap/p)2 in series for path length difference
ALPHA3 0.0 - Coefficient of (Ap/p)7 in series for path length difference
WOI None MeV Kinetic energy on the central orbitat T = T1
WOF 0.0 MeV Kinetic energy on the central orbitat T = TF (seetext)
POl None MeV/c Momentumon the central orbitat T = T1T
POF 0.0 MeV/c Momentum on the central orbitat T = TF (seetext)
TI 0.0 S Start time of magneticfield change
TF 0.0 S End time of magneticfield change
TSTART 0.0 S Time at which tracking begins
FRAC 1. - Determines azimuthal periodicity, calculationrestricted to —180° /FRAC < 9 < 180°/FRAC
NCAV 1 - Number of rf locations (default usually adequate)
PIPRAD 1.0 m Radius of beam pipefor particleloss
EBDRY F - Switch to set absorbing beam pipewallsat REQ + PIPRAD
DES 0.0 MeV Constant energy offset of synchronousorbit relative to reference orbit
KURVEB 1 - Magnetic field ramp from WOI to WOF or POl to POF:
1-Linear
2 — Increasing parabolic
3 —Biased sinusoidal (Seetext for definitionsCRA, CRB, CRC, TR3.)
4 — Ramp table to be read from file given by value of FILRMP
5 — Parabolic with final sope WOFDOT
6 — Parabolic with final slope POFDOT
7 — Cubic with zero initial dopeand curvature
8 — Decreasing parabolic
CRA 0.0 - Time shift of first harmonic of KURVEB=3 ramp
CRB 0.0 - Relative amplitude of second harmonicin KURVEB=3
CRC 0.0 - Time shift of second harmonicfor KURVEB=3
TR3 0.0 S Half-period of fundamental for KURVEB=3; TR3=0. = half-period= TF-TI
WOIDOT 0.0 MeV/s Slope of parabolicramp at TI (KURVEB=5)
WOFDOT 0.0 MeV/s Slope of parabolicramp at TF
POIDOT 0.0 MeV/c/s | Slopeof parabolicramp at TI (KURVEB=6)
POFDOT 0.0 MeV/c/s | Slope of parabolicrampat TF
INRAMP F - Establishes starting point of ramp as point at which programfindsitself—for smoothly piecing ramp segmentstogether
FILRMP 'DUMMY’ - The file name (full path) of the ramp tablefile (see 3.2.3)
GMAIMP F - Set y1-jump on (See text for compatibility.)
KINDG 1 - Typeof v variation:
1-Linear (y7= GAMPAR(1) + GAMPAR(2) * T)
2 — Decreasing exponential
(7= GAMPAR(1) + GAMPAR(3) % (1 — ¢~ T/GAMPAR())
GAMPAR(1:3) 0.0 - Coefficientsfor T variation (real v only)
CHGNO 10 - Charge of beam particlein units|e|
EMOCSQ 938.27231 MeV Rest energy of beam particle

aT = 0 correspondingto time at which R command is invoked with GMAIMP= .TRUE.

77




T Command, Namelist /CY CLE/

Default
Variable Value  Unit Description
TSTOP? 0.0 S Time at which to stop tracking
TTRACKP 0.0 s Duration of time to track
MSTEP 100 - Number of tracking steps (minimum) per synchrotron period
RSCALEO 1.0 - Ratio of time per iteration to circulation period + © — See text!
LGRTHM 1 - Select difference equationsused in tracking
1-Complete kinematics, expand path length to maximum order using input coefficients ALPHAN®
2-Usethesimplified difference equation
Vin = T:Zil Vin—1+ 271'77%
ITRAP(1:4) 0 - Indicates a condition for which tracking should be interrupted beforetime indicated by TTRACK or TSTOP:
0-Notrap
1-Trap on minimum bunch width
2-Trap on minimum bunch height
3-Trapforn = ETATRP (tolerance An/n = +.01)
4-Trapfor |¢ps| = PHISTRP (tolerance A¢, = £.005)
5-Trapforn > 0 (transition crossing)
10— 19-Call SUBROUTINE SHAZAM, enter at SHAZAM, SHAZAM1, SHAZAM2, ... following every iteration
of thedifference equations
-1--10-Call SUBROUTINE SHAZAM, enter at SHAZAM, SHAZAM1, SHAZAM2, ... before every iteration of
the difference equations
ETATRP .001 - For ITRAP = 3; tracking stopped whenn = ETATRP
PHISTRP .95 - For ITRAP = 4; tracking stopped when | sin ¢ ;| = PHISTRP
MGRACE 0 - Allow a“grace period” of MGRACE turns before trapping conditionsare checked
HISTRY F - Write history recordsto unit 9 during tracking®
HISTSIZ 107 - Approximate number of history recordsfor one execution of T
BBDRY F - Remove particlestracked outside of region —180° /FRAC < 0 < 180°/FRAC
NOBDRY F - Allow particlesto moveoutside of region —180° /FRAC < 6 < 180°/FRAC

8TSTOP is set to 0.0 when tracking is completed, or interrupted by an ITRAP option.
bTSTOP takes precedence; if TSTOP=0.0, then TTRACK determines duration of tracking.
¢Scaling with RSCALEO > 1 limited by MSTEP

dSee R command

€See Section 3.2
Y Command, Namelist MEMORY/
Default
Variable Value  Unit Description
KNPHASE 50001 - The storage alocation for each phase coordinate— max. valuefor KOUNT +1
KMAXCVB 1000 - The storage alocation for Targe time domain tables &
KMAXPTS 1000 - Storage allocation for history plots

aKMAXCVB sets the maximum allowable value for input parameters NBINSC and NBRES.
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