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Abstract 2.2 Aperture Calculation

TRACE 3-D, an interactive beam-dynamics progtaiat  The maximum extent of the beam insigchelement is
calculates the envelopes of unchedbeam (including now calculated inthe two transverse planes bygding to
linear space-charge forces) throughser-definedransport the beam centroids the transverse profiles multiplied by a
system, hasundergone several upgrades physics, user-supplied “aperture factor.’Given these maximum
coding, and capabilities. Recent modificatioriaclude extents withineachelement, TRACE 3-Lcalculates the
centroidtracking (and misalignment capabilitiesgnd an  minimum radius required for a circular beamptpat will
improved beam description that allows study of som#&ansport the beam without scraping. At each point where
nonlinear effects such as wakefields. The Fortran code ithe minimum radius is largest, thecode writes the
beenmadeportableandruns on numerous platforms. It transverse profileandthe corresponding centroids to an
can be usedvith a variety of graphics packages. Theaperture file (when the command is issued). For example,
additional beamline elements, new commandgpanded an aperture factor of 3.13 supplied by a user for a TRACE
fitting capabilities, improved beam description, and-D beam (normally\5 times the rmsbeamsize)will
coding modifications haveextended TRACE 3-D’'s  yield maximum-extent values for agZlbeam.

usefulness and applicability to the accelerammmunity. L

These changesre documented irthe third edition of 2-3 Quadrupole Misalignments

TRACE 3-D Documentation The quadrupoleelement, whichused to be specified by
only two parameters (gradienand length), hasbeen
1 INTRODUCTION expanded to include three additional parameters specifying

TRACE 3-D, a first-order accelerator desigmethat was misalignment (rotation or translation) in theansverse
first written as a two-dimensional version in tearly plane. If translation is specified, transverse offsets in one
1970’s, has beeaxpandecextensively over thgears and or both planes may bentered; ifrotation isspecified, an
adapted torun on numerous systems usirdifferent angle specifying the amount of rotation about Heam
versions; however, there is now one official version thaxis may bespecified. It isalso possible tospecify
is documented andvailable onmost workstations, PC, random misalignments (either rotation or translation).
and Macintosh platforms. Some of theode’'s newer 2.4 Matching Types
features are described below. '
Threenew matching/fitting optionsvere added,bringing
2 NEW CAPABILITIES the total of matching types to fourteen. One new

Included among new capabilities added to TRACE 3-D af8atching typefinds the values of two variables that
centroid tracking, aperture calculations, quadrupole Produce a roundutputbeantl identical magnitudelwiss
misalignments, additional matching  types, a Parameters inx and y[Juseful when trying to get a
rotation/translation element, a wiggler elemewgrtical ~Circularspot on a beam target. Another new maiching
bend option, graphic scaldlexibility, and anumber of type varies the input beam-ellipse parame(BEAMI) to
new commands. The addition whkefield calculations is OPtain aspecifiedoutput beam (BEAMF). A third type

described in the following section. enables the user to adjust one or more variables in a
_ _ periodic transport system tachieve a specified phase
2.1 Centroid Tracking advance inone or more phase planes, e.g., setting the

TRACE 3-D now tracks the transverse beam-centroids afifadrupolegradients in a drift-tubénac to get acertain
plots them in the beam profile box (‘+ for thecentroid value for the zero—current. phase advanoeaqdy. .There
and %’ for they-centroid). The phase-space ellipse centef§&Y bethrgequadrup“olesnvglved, but all identical, so
arealso plotted on theorresponding phase-spapkts. the uls?er mlgtht hav&laf repeat elfmfntilor use\/mm.t?_le(;
The codeignorescentroidcalculations unless an offset is coupling -option. one wants tachieve aspectrie
entered or a beamline element causescé#mroid toshift phaseadvancewith current, an iterativetechinque is
off-axis. The example in Fig. 1 shows the typicarequiredbecausethis optiondoesnot automaticallykeep
TRACE 3-D graphic pageoutput with a beanoffset the beam matched as it adjusts the variable.
generated from random quadrupole misalignments.
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2.5 Rotate / Translate Element These plotting options do notaffect beam-dynamics

The rotate element waexpanded toprovide both a calculations.

rotation and atranslation capability(and is backward 2.8 New Commands

compatible with earlier files containing rotation )
elements). The expanded element allows the user to sefe€V/€ral new commandsere added,some of which are
a plane (viz.x-y, y-z, z-xspecifying rotation about the mentioned here. Theperture command, previously

axis normal to that plane (roll, pitchyaw) and/or discussed,was modified not only to calculate the
translation in that plane. minimum radius of a circular beampipeequired to

transport the beam without scraping, but als@dlzulate
2.6 Wiggler Element the maximum beam extent for bothansverse planes
within (inside) eachbeamline element. Anuhmatchi

A new element was added simulate a wiggler by usin .
99 y g command was added to allow a user to convenieatiyn

a series of alternatingends and drifts (bend-drift-bend- h val ¢ hi iabl hould th
drift), where odd-numberedends aredefined aspositive to pre-match values of matching variables should the

and even-numbered bendsregative. The user supplies results of a matching calculatigmovide an unacceptable
the overall length of the wiggler, field strength and solution. Tocheckthe parametevalues of aparticular

dipole gap to bepplied to each benglus the length of element in the transport, query commandNasa_ld_ded to

and distance between each bend. obtain a display of parameter values of a specific element.
Now that TRACE 3-D tracks beam centroids, the

2.7 Graphic Scales Flexibility centroid commandwas added toenable a user to display

. I . _._the centroid at anpoint. A mini-help command is now

Wheninput andoutput beams vary significantly in size, . . : .

one can enter differenscales for the inpuend output available to assist wheadding new beamline elements,

. . and anewfile commandbrings in newdatafiles to allow
phase-spacplots. Thiscan be seen in the example of

Fig. 1 where both transversad longitudinal phase-space for comparisons.

plots have different input and output scale;. Additionally, 3 NEW PHYSICS

phase-space plots can generated aany point along the

bgamline by entering values for NEL&and NELZ 3.1 Wakefield Calculation

(displayed atop of phase-spacplots). Another option, . _

useful for viewing portions of long transport files, is thelhere is a parallelersion of TRACE 3-D that can
profile close-upplot, generated byspecifying values for Simulate some nonlinear effects, such wakefields,

the profile box, NPlandNP2 (alsodisplayed inFig. 1). related tothe variation of the beam bunch along the
longitudinal direction [1,2]. Thigode is

compatible with thestandardversion and

BEAM AT NEL1= 4 w . 7\: 251. O7n’A v BEAM AT NEL2= 31 .
VB8 BT | o amiome W resiom  URSSH B SR will produce the same results for
TG el problems not involvingvakefields. The
Q’ T?L%”WSZA%% e two codes may be merged in the future.
g L e . j
' I3 15370000 In the wakefield codethe beam bunch is
1 e divided into a number of slices
1 12 100. 00000 . . . .
3.000 mm X | 30.000 mad % % 13§§§§§§ 10.000 mm X | 10.000 mmad longitudinally. We describe each slice by
z|A=-0. 37000 B= 1.4440 MATCHINGTVPE . z|A= 45980 B= 21.529 its 6-D centroid and 6)(6 Sigma .matrix,
oS pha e ) and follow the collection otentroids and
v 0.0000 3.6000 sigma matrices down the beamline.
MATCH VARI ABLES (NC=4) S
MR MPE  VALLE o Wheneverthe code needs to generate
LB e output or computespace charge, it
60.000 Deg X 50. 00 KeV CCDE: TR/:CEBD vl [120. 000 Deg X 50. 00 KeV Comblnes the Sllces Into a Slngle 6-D
: DATE gt 14 97 : ' centroidand 6x6 sigma matrixand uses
NPl= 1 TIME: 17:04: 25 NP2= 31 .
T g ez 90,0 e (tong) I the existingcode structure.  Thebunch-
' “, slice centroids and sigma matrices are
transported asusual by the various
' 7 elements in the beamline. However,
Rl 9 = _/2%17,2223414\,25\\ 2% 27 | 28 | 20 | 30 31 space Chargeand the new wakefield
o ” T elements get a modified treatment. In the
N case of space charge, we take iatoount
somicmroig e the effect of space charge othe slice
15.00 nm (Vert) Lengt h=2220. 00nm 1 H
Fig. 1. Typical TRACE 3-D output showing beam envelopes in three dimensions and pentrmds. Of course, the overaﬂntmld.
beam centroid profiles inandy due to random quadrupole misalignments. is not affected by space charge. Wakefield
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effects aretaken into account with newzero-length PGPLOT. The PGPLOT graphics routineave drivers
elements, similar to howend edges are handled. Thewritten for X-Windows, the Macintosh, Mtows95,
wakefield element parameters spedcifgkefield functions, Windows NT, and ahost of other platforms. Theode
which determine forcesacting on a given bunch slice comes with two sets of plotting subroutines: one for
caused by slices ahead of the given bunch slidere are  PLOT10 usersand/or PostScriptreplacementalls, and
three wakefielcelements: oneachfor monopole, dipole, one for PGPLOT users.

and quadrupolevakefields. These wakefielelements are

user-specifiedelementsand may easily bechanged to 5 CODE / DOCUMENTATION AVAILABILITY

model othereffectsthat depend onlongitudinal position TRACE3-D Documentatior{3], now in its third edition
within a beam bunch. Unlike some existipgrticle (May 1997), includes a description ohe code, the
codes, this approachallows for the distance between transport elementsand their transfer natrices, the
bunch slices to vary throughout the simulation. This igynamicscalculations,andcomplete instructions for the
useful for studyi_ngwakefield effects in aegimewhere ger, including a number of examples. Fifteppendices
space charge is important. give detailednformation on the physicandcoding. The
documentation is available on-line as a Microsoft Word
document or as &ostScript file.  Bothcode and
It was found that when orteed to design an achromatic documentation may baccessed bﬁnonymous FTP via
bendwith current, the beandid not remainachromatic connection to the Los AlamoAccelerator Code Group
downstream. The problem waltscovered inthe space- FTP Server, PC-AOT-1.ATDIV.LANL.GOVIP Address
charge calculation used when the beam ellipsoid was tilta®g.165.32.190), with username TRACEUSER and
with respect tothe coordinateaxes. The beam is first passwordftptrace (password is inlower Case)_ The
“stretched” inthe longitudinaldirection by multiplying  TRACE directory containseadmefiles and subdirectories
the zcoordinate byy. The beam is therotated to be for documentation, thesource codeand downloadable
upright, thespace-chargémpulses applied, thénverse executables for various platforms. HWardcopy of the
rotation applledand the z-coordinatedivided by y. The documentation is provided upon request.
beam “stretching’and “unstretching” transformations are
now symplectic. A special interface for the Macintosh [4], developed by the
MACceleratorProject in Del Mar, California, haleen
4 NEW CODING written and iscommercially available using thgtandard
version of TRACE 3-Dunder alicense agreemenwith
4.1 Standard FORTRAN 77 the Los Alamos National Laboratory. Amongther

Previously, different versions of thewdewere maintained advantages, there isninimal amount ofalpha-numeric

in different formats for various computer platforms, (keyboard) input used for setting parameter valaed, no
resulting in machinalependencies andgersionsdiffering ~ text or command-line input is required.

in capabilities and documented features. TRACE 3-D has

now been rewritterusing StandardcFORTRAN 77 (with 6 ACKNOWLEDGMENTS

exception of the NAMELIST extension—nostandard in  The authors express their appreciation to members of the
Fortran 90), and is capable of being compiled on almostos AlamosAccelerator Cod&roup who help maintain
any system. Thisstandardversion of the code is and distribute TRACE 3-Dand its documentation, and
maintained bythe Los AlamosAccelerator Code Group provide technical assistance to users as needed.

and corresponds to the published documentation.
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3.2 Space Charge

" Old TRACE 3-D datafiles may need slight modification to be read by
NAMELIST extensions on some Windows and Macintosh systems.
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