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Abstract 

The program ES\IE for modeling the longitudinal degree of freedom of beam dv
nam_jcs in proton synchrotrons \Yas described in considerable detail in "l- ser's c;ui<le 
to t=S:\IE v. 7.1~1 r 1 : distributed about a year ago. This note corrects minor errors and 

nn1_i~sions in the l 1sf'r's Guide, discusses bugs and crochets, notes fixes 1 and rf'ports a 

f P\\" (•nhancc1nent s. Current v.·ork and plans are sketched. ·This note should b(' adequate 

to update the l~ser·s Guide. 

Introduction 

Tlw program ES'.IIE has seen substantial use in the year since the major rnision (v. 7.1) 

was described.ii' l'sers in general a.pparently have had few problems, but glitches have been 

found in the code and documentation. 1 Two of these could result in wrong answers; neither 
affected calculations using standard defaults. The options affected were time domain calcu
lation of beam driven resonator and nonlinear momentum terms in the difference equation. 
The later discussion should be adequate to asses the extent to which past calculations may 
ha ff been compromised. The other errors resulted in some features failing to function under 
S(,TIIP ro11dj1ions. 

The l~ser's Guide promised the appearance of a more full treatment of the difference 
equations for the phasespace mapping. It is now available 1 2~ along with another note \\·hich 
considers the contribution of betatron acceleration. 3' The latter shows that equating the per
turn ,C;E to f1'(,P) is correct not only for the synchronous particle but also for the relative 

motion of others within practical energy range. The only effect is a fictitious or renormalized 
synchronous phase. 

The code should continue to see some dcwloprnent. Additions made recently are de
scribed. Possibilities for further dnelopment a.re mooted with no implication of obligation 

1 Discussions v.:ith Xiarr1ping Lu, Qing Vrang, and Jim (;riffin were helpful in exposing some of these 
problems. 



to follow tbem precisely. Criticism or furtber suggestions from users will receive interested 
consideration. but ES'\IE deYelopment is neither a hobby nor ar1 industry. Such changes as 
are made will likely be either directly in the course of the author's work or be Yery simple to 
implement. The following st·rlions cowr separately documentation changes. bug fixes. speed 
enhancemeni, and present intelltlons. 

Documentation Changes 
Additions and Corrections 

The l'ser's Guide was compiled over several months, and several people made use of the 
various drafts, so just a few errors seem to have survived into the T'\l-1650 wrsion. There 
haw been some changes, however, related to additions and fixes to the code. Those changes 
are also included in this section. Page references in the following are to Tl\1-1650. 

R_C:::ommiin_cl_,_p _!} 

The quantities ALPHAl, ALPHA2, and ALPHA3 

These quantities are incorrectly defined in the parameter table. Ttw correct data items 
arf' tbe expansion coeffiC"ients for !:iR, R. 'Thr correct definition is als(I C<•J1trary to 1ha1 giYc11 

by the author in __ a_r<ccent 1\11 note) _The cor_r{'ct".~_li_ri_e_s_in tbe_t"-b_J_e_should read as follows: 

\'aria ble , 
------- +! 

ALPHAJ 

-~ 
ALPHA2 II 

ALPHA3 

Default 
\'alue l'nit ! Desr.ription 

---------- _J_ 

c-;~fficient-;;f (:3.p/p)' ;-;-1 serie~- cxpa;1~ionfor :3.R/ R about None 

'.\one 

'\one 

' reference orbit. 
-c;;;~ffid~~;\-of (:3.p/pj3 ;nse;ie~-expanswn for :3.R/ R a hclllt 

reference orbit. 
- 'Co~ffi~i~~;t of (~p/p)4 in senes e~p~.ns1on for 'A71/ffabout 

_____ !_r_~fer_~:nce or_~_i_t. __________ _ _ _ _______ _ 

FRAC parameter 

In the table of parameters there is a typographical error on the range of the variable iJ 
as set by the FRAC parameter. The entry should read - -T ti~t~~--r -- -- - ------- -- ------------ - ------

\;~~~411 \'alue __ l:ni~Jbeter;;,ine~- azimuthal -p~r~:~ii~~i}~ncal~~-;;t;;;-~~~t~ict~d t~ 
__ cl_ ______ J :-_-l80~j~RAC S: __ v __ <:_l~~'/FR_:~~ _____ . _____ _ 
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A Comll1_~!1<!. ~ 12 

The description of tl1e parame1ers Y:\IATCHl and \':\1ATCHF are replaced by the fol
lowing descripti011 of \'l\lATCH. This change is caused by a fix i11 1he bucket-to-bu11cl1 

1_natchJng_feature de"ril)(ccJ}a_le~ _ _ ____ _ 

\'ariable 
-- ------- -

\'1\IATCHI(l:JO) 

Defauh 

F 
Descri p1 ion 

- - - --Fo-; source\ \'i\1AT-Cff(T) ~ T results in the YI(!) br

ing set so that source I is matched 1o il1e rnrren1 dis
tribution emittance.a 

Two distribu1ions have been added. a matched elliptical distrih111ion 151 and a clistribution 
uniform between specified limits in i'i and parabolic in E. The former is significant because 
it is the only distribution prol'ided that is "microscopically" matched lo the potential. i.e. 
J.a,·ing particle density distributed according lo a function of the Hamiltonian. The way i1 

has been implemenkd is adap1able to some other fully matched distributions. The ellip1ical 
distribution. howewr, seems to be generally a good choice for proton synchrolrons: it has an 
in1eresting and perhaps meful feature that the threshold for microwave instabilitY is tlw same 
e\cry\\·brre along the bur1ch. fipcausf' t}if' projection~ of an e]Jiptical hunch are parahnlic. 

the parabolic distribution is" good one for unbunched heam. 
The distributi<•'1 ge11erated by J\l!\D ~ 1l is described in the l'ser's Guide as particles 

along flow lines just aboYe and below the bucket. At one time the SEPTRIX subroutine 
served thi~- function: but son1e\vhere in the rnigra.1ion frc,n1 computer to compnt.er thP person 

rnakillg the transla1ion decided that it was supposed to do something else. At this time the 
code has been dummied out; the attempt to use it will halt execution. 

The new entries for the P command parameter table (p ] .J) are 
- - --TI--D~fault ---- ------ ---- -- - -- -------

:~-- -------------- --·· 
\'ariable j' \'alue l.'nit Description 

- RT\b- TI l - ---cl~.;zs~s the typ~ .;7J;;-i:;:;i;,;iio~-1.; be generated: --- --

' 

' :i . _______ ____JJ_ _ ~ 

11-Particles just outside of bucket - '\OT A\'AlLABLE 
I 

14-Matched elliptical distribution of '\POl'\T particles with I 

~~~~~~I~~:B~~~cles uniform bet ween TH\11.'\ and I 

TH\lAX and parabolic in energy between RE;:\11.'\ and RE- I 

_ _j_ MA~--- _______________ _ _______ _j 
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There is a missi11g entry in the parameter table. \'BRES gi,·es tbe number of azimuthal 
slices of the J region --JRO'/FRAC S iJ :S 180°/FRAC which become the interrnls for the 
time domain calculation. The present default '.l/BRES - 104 is not especially low: one may 
be a.hie to saYe some rompuling time by gi,·ing a lower value in the SSCHG namelist input. 

The missing entry should read 
· ·· ··· - n~=fa~11 ·· -

Variable Value l'nit 
"' ---------------

Description 

'\BR ES lOOOu '\umber of time interrnls in calculation of beam-induced on 
LCR resonator 

Bug Fixes 

The fixes described below have been introduced into the public source library on the Ac
celerator Division VAX (ALl\101\'D::l'SRSDISK4: ESMLFILES.Cl\ISLIB03') and tbe exe
culeables called by lhe RESME\'AX and RESl\1EFPS commands on (or about) the various 
dates indicated. This note is the first formal documentation of the cha11ges; the remarks in 
the CMS history in the source library have prcn-ided an interim record. All changes have 
1JC'E'n 1es1ed ln some ca1rulations. but thf're is no guarantee against iatrogenic <li~ordPrs. 

Nonlinearl\1(lrnentum terllls~ !he_J:ia!olic map 

The essential nucleus of ES]\IJE is a nonlinear turn-by-tum map consisting of an energy 
increment difference Pquati011 and a phase slip difference equation. The relatiw phase slip of 
particle i is given by the ratio of the angular velocity of the synchronc,us particle to particle 

(3,R, 
(3,R, 

( l ) 

Both of these trajectories may be distinct from the reference trajectory of mean radius 
R,. The two particles then have momenta Pi and p, different from the momentum p, of 
a particle which follows the reference trajectory. For each particle R(p) can be expanded 
about R, ,- R(p,) in powers of E = (p - p,)/p: 

(2) 

The discussion of the "phase slip factor'· S in any of the references [2j, ),, or :6 shows 
that the difference equation is in fact derived in this manner. The data items ALPHAL 
ALPHA2, and ALPHA3 are just these momentum expansion coefficients of the path length. 
The quantity op is used to evaluate T/ and for some other auxiliary calcula.tions, but the 
map has not been based on ii since the extension of the code from first order momentum 
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dependence O\'er ten years ago. In Y. 7.2 the map is written almost directly with tlw furrn 

eq. 1. 
HoweYer. the l'ser's Guide giYes states that the ALPHAn parameters are expansion 

coefficients of the rr1ornent11m compaction Op· T'hf' history of this error is long and mixed: at 

certain stages thf' code contained e]ernf'nts based un both definition~ of the ai. Practically 

speaking. a~ CJne cail Sf'{' b>· expanding °'P to first ordf'r. 

o;)b . (3) 

the result of using the expansion coefficients of op is to replace o 1 by the quantity in paren

theses; tl1e result will usually be too large becanse generally o 1 is positiYe. The effect is 
an exaggeration of the '-Johnsen effect". 7· in transition crossing; away from transition or for 

small bunches crossing transition, there are no detectable effects. ";late that the default Yalue 

of ALFAJ is zero; therefore there would be no problems with calculations which were not 

explicitly cc.ncerned with this subject. The misstatement of the l:ser's Guide "·as repr·ated 
by the author in a recent '\II notei41. This is probably as good a place as any to apologize 

to any \\·ho ha\'e be-en misled in transition crossing studies; my face i:-. red. 2 

Time don1ain solution _f()~_high-Q resonator 

For a short tirne after the l_~ser's Guide \~1as issued there \\·as an error in the timf' don1ain 

model of a high-Q re~onator gi,,ing il-1P \\'f(1ng result for the f'xritation arl~ing fiom prior 

turns. The solution is constructed by con\'olution of the current distribution with a si11gle 

turn Green's function: the contribution of prior turns is included by taking initial conditions 

reflecting the stak of excitation at the end of the preYious turn. The quantities that are 

carried O\'er from one turn to the next are just the final Yoltage and its time deri\'atiYe. The 
derirntiw was being crnluated numerically by first order difference between last and next

to-last time slices. The difference is subject to large error because of statistical fluctuation of 
bin population. Furthermore, there was a sign error so that the result was wrong by 180' in 

phase. llowen·r. the Green', function solution also giYes an analytic result for the deriYative. 

The code has been changed to use the analytic expression for the derivative so that it is now 
eYaluated from the entire distribution. This change was made in the public source library 

by '\1ay 1990. The affected subroutine is HIQRES, and only calculations imoking the time 

domain model by setting the QREZO!'i parameter to .TRCE. in the $SCHG namelist could 

be compromised. Although coupled hunch instability results seem to have been at least 

qualitatiYely correct, the details of heam loading were clearly wrong. 

2The question oft he definition ofo:1 \.Yas originally raised by Bill ~gin Sep1E'mber, 1990. Although I did 
not correctly react to the question at the timt>. it v,:a._o;;; because of his query that tht- problem v.:as diagnosed 
v-;hen the effects shov:ed up in my o,,.n v . .-ork. 
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E:~&~s"iy~_Jim~in_the CQNT()_l]R sl}hl"9!1Jine 

Even when no contour \\'aS to be plotted, the routine DISPLAY in\'. 7.1 called Bl'CKIT 

to get the bucket area and height for the phasespace plot caption block. This routine 

calls CO'\TOl'R to grnerate a closed bucket contour from the difff'Tence equations. '\ear 

transition energy, \\'here the standard bucket disappears. Bl'CKIT and CONTOl'R could tn· 

for sewral minutt"s to find a closed contour before gi,·ing up. The prublem has been addressed 

by using the standard bucket area and height formulae to evaluate these quantities unless 

a bucket contour has been requested in the SGRAPH namelist input. Furthermore. the 

response of Bl'CKIT to a failure of CO!\TOl'R has been cha11ged from a redunio11 of the 

interval of nun1erica1 integration to n10Yi11g the starting point for the contour slightly farther 

away from the estimated location of the unstable fixed point. Bl'CKIT makes three tries to 

close the contour; each retry mo\'es 1he starting point. closer by DELCO\' to the calculatt>d 

location of the stable fixed point, where DELCON is the precision parame1er which ran 

be read in with 1 he SGRAPH namclist input. The defaul1 \'alue is 0.01. The prc,·ious 

strategy of going to a finer integration inter\'al rarely succeeded and progressi\'el)' increased 

the execution time each try. The use of the formula Yalues in the phasespace plot caption 

can be mislrading in sorne circumstances because they are \\'rong for rriu1tip]e rf systems or 

too closr to transition. Ho\\.e\'cr, during recent v-,:ork on transition cros.-;ing Jjterally hours of 

curnputer time have gone toward calculating contours that were no1 requested explicitly b~-

1 Le inpu1 pararrH:"t t'rs. 111 fi11e~ if ont> \\'ants to kno"· t hf' bucket arPa and height b~· in1n1erica1 

integration of the diffcre11ce equations r1osf' to the separatrix~ one rnus1 explicitly rcquPst 

1l1e plotting of a bucket n•rJtour. Corrections have been installed in DISPLAY and Bl'CKlT 

during January 1991. 

Failur~. o_f l\tl_.A'I'CH 

By setling une or more of the switches \'MATCHl(l:lO). \'MATCHF(l:!O) to .TRl'E. 

with the $Rf narnelist input. one was supposed 1o get respectiwly an initial or final vol1age 

for which the indicated source a_C(ing_ b,:_ it~elf would pro\'ide a bucket matched 1o the existing 

phasespace distribution. The code proYided in\'. 7.l does not perform this function under 
any conrlitions and results in a program abnormal termination on arithme-tic exct'ption. The 

chosen fix is simultaneously an enhancement and a restriction of the features described in 

TM-1650. The \'. 7.J code has been entirely replaced. The new algorithm establisl1es an 

estimate of the matching conditions by finding the bucket resulting in ,JJ,,ng (longitudinal 
analog of the Courant-Snyder lattice function) equal to that implied by the ratio of bunch 

height lo bunch width and the assumption of no tilt. This is called a linear match because 

it is based on the properties of the first order linear differential equations describing the 

synchrotron motion. l'sing the linear result to set the scale, a contour of area some\\·hat 

less than the bunch area is constructed for a trial series of different rf YC>lt age· synchronous 
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pl1ase pairs. The Yoltage resulting in the smallest fraction of the distribution outside of the 
contour is found by second order interpolation on the rcsulto of the trial series. This \'oltage 
is returned as \'J(J) and the corresponding synchronous phase as PSll(J). The new code is 
an enhancement because tl1e non-linear search giYes better resulb where the distribution is 
not close to the Hamiltonian flow for any rnlue of the \'oltage of systl'm I. If the nonlinear 
sea.rch faih to find a minimum in excluded phasespace points. the result of the linear match 
is re1 urned. The present version has a single array of logical switches \'\1ATCH 1" select 
the rf systems for which a matched Yoltage and phase are desired. The results are always 
returned as thf' ini1la.1 \'alues hPrausc this is the only v.·ay the feature has ever been used 

i11 practice. Th" possibility of moYing these Yalues into \T(l) and PSIF(I) by a SHAZA'.\I 
routine proYides for the unlikely eYent that a user may wish to eYohe the Yoltage to a 
matched \'alue from some other starting point. This does, however, represent an apparent 
reduction in function from that specified in TM-1650. The fix was installed 23 January 1991. 

The use of the the automatic calculation of synchronous phase (ISY\C = l parameter 
option in SRF namelist) a.long with non-zero Yalues for the rf phases PSI(!) has resulted in 
conflicts where the energy gain per turn was not what was expected. The problem has been 
fixed so that. as always intended, PHIS giws the amount that a wa,·eform. illrludi11g effrcts of 
an\' explicit phases. rnusl be shifted to produce the requested 1>. If the PSI(!) give the currect 
energy gain, PHIS will be exactly zero. If they give approximately the requested enngy gain, 
PHIS will be a small correction. In a typical case with a one rf source ha\'ing PSl(l) =- 0, 
ll ( 1) x P HlS is exactly the convelltional syIJchronous phase angle. The programming required 
to interpret all reasonable combinations of PSI, POOT, \',!SYNC, etc. is a bit elaborate; 
the possibility has not been entirely excluded that what seems reasonable to some user may 
produce unexpected results. The last changes to the source related to these problems were 
made in August J!J90. 

Failure to close de~~l~rating bucket contours 

The CO XTO UR routine was failing to find the bucket boundary for decelerating buckets. 
This was a IJuisance ]eye] problem which \\'as ignored until the cause was spotted while 

workir1g on synchronization. The fix was 1101 ma.de until January 91. The error was not in 
the contouring routine itself, but rather in the value for the expected unstable fixed point 
calculated by Ll\Hl\T. 

7 



Faster Difference Equations 

In v. 7.1 the effect of setting the A command parameter LGRTH'.ll equal to 2 was 
to provide differenct· equations linear in everything except terms from tl1e potential. The 
purpose of this option was 1.o prm·ide a test of the approximation for particular input data: 
it was not designed to realize a gain in computing speed, howe,·er. The code now ];as heen 
streamlined to realize most oft he sa\·ing from the simpler difference equations without having 
to substitute a new FOLLO\Y subroutine in place of the standard one. There is nc• d1ange 
to the input or results. For most applications where the energy does not rnme close to 
the transition energy and the particles of interest remain near the sn1chronc•m particle. the 
simple difference equation; are entirely adequate, and they may save 30o/c of the execution 
time, more or less depending on active options. 

Plans and Projects 

ES}',1£ ha.s been combined with at least four different graphics packages si11ce its earliest 
i11carnation in the '70"s; the current version uses Dl3000.81 plm its GRAFJ\L\KER higher 
level interface. Tl1ese products, though commercia1ly available, are not widely used at high 
Pnergy physics c>r accelerator laboratories. Itis a high priority to find a system with adequate 
capabilities ihat i~ in ren.sonably \\·ide use and has reasonable pro"perts of],)ngf'Yity. Bi:-cou~e 

tl1c demands of ES}',1£ are modest. the capability question is primarily that of a simple user 
interface for line plotti11g. scatter plotting. and histograms with pleasing legends and labels. 
The questions of availability a.nd longevity hm·e always been the tough ones. For an earlier 
effort to make the code a mil able at CERJ\, GD3 was adopted heca.use it had pleasing features 
and because both Ferrnilab and CER'.\' seemed committed to support it. The current thougl1t 
is to adopt HlGZ for the same reasons. Perhaps this choice will be more fortunate because 
HJGZ is a somewhat higher level interface to GKS. GKS itself shows signs of becoming 
a fairl)· widespread standard. Fermilab has additionally de,-eloped HIGZ as an interface 
to Dl3UOO aud may be edging toward a policy of interfacing it to any other system it may 
adopt in place of lll3000 for general use. Therefore, although it is not a standard commercial 
product. HIGZ should he arnilable from the largest high energy physics laboratories for a 
considerable time into the future. It is written in FORTRA'I. arnilable essentially without 
restriction. and, one hopes, easily portable. Redoing the graphics will surely result in some 
changes in appearance but probably little in the way of altered function. 

Efforts to get a production version and deYelopmen! capability installed on a Sl'l\ work
station are just getting started. Because ES'.IJE has already been used on SU\'"s there may 
be no big problems. However, \"erification that output is precisely the same as that from 
\"AX and Amdahl versions will probably be slow to come because there will he no systematic 
validation effort. 
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It is likely that the distribution of particles just outside of the bucket will be rractirnted 
soon because it should require a straightforward return to old code. 

Conclusion 

The description of ESl\!E given i11 the rser·s Guide for Y. 1.1 (Tl\l-1650) remains grnerally 
correct at v. 7.2 (6 February 91). An omission from and a correction to the guide haw b<•er1 

noted. Furthermore. an addition related to new starting distribution optiom and a change 
rorresp(1nrling to a ff'\\·orkcd bunc11 rr1atcl1ing capabilit;· ha\'t' been repor1ed. :\laking ~rnall 

changes to TM-1650 at the indicated places will render the docurnrntation current and as 
complete as arnilable. 

There have been few complaints about hugs from general users, but one should a;sume 
there are yet traps for the unwary. All that are known now are corrected or, at least l1ave 
been worked on, at Y. 7.2. l'nless the graphics rework results in important changes, a direct 
revision of the l:ser's Guide is not foreseen. 
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