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Included with this supplement is the following document, reproduced and distributed as part of a license
agreement between G. H. Gillespie Associates, Inc. and the Regents of the University of California,
operator of the Los Alamos National Laboratory (“LANL”):

Appendix: “TRACE 3-D Documentation”

TRACE 3-D Documentation, by K. R. Crandall and D. P. Rusthoi, Third Edition, May 1997.
Los Alamos National Laboratory Report Number LA-UR-97-886
copyright 1987, 1990, 1997 by The Regents of the University of California.
All Rights Reserved.

TRACE 3-D is a FORTRAN program maintained and distributed by the Los Alamos Accelerator Code
Group at LANL. The program is included with PBO Lab TRACE 3-D Application Module under a
license agreement.

Running TRACE 3-D is accomplished directly from the PBO Lab interface - the TRACE 3-D program

is fully integrated with the PBO Lab environment. This supplement discusses the PBO Lab Commands
and the output options for the TRACE 3-D Application Module. The TRACE 3-D program is described
in the TRACE 3-D Documentation, which is included as Appendix A to this supplement.
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1. Getting Started

This Getting Started Section is intended as a quick start
introduction for running the TRACE 3-D Application
Module. The remainder of this Supplement describes the
PBO Lab user interface features that are specific to the
TRACE 3-D Application Module. The TRACE 3-
D Documentation describes the TRACE 3-D program.

When the TRACE 3-D Application Module is installed

in PBO Lab, a TRACE 3-D option will be added to the
Application Context pop-up in Document windows. The
Application Context is used to indicate native inputs and
In some cases access application-specific user interface
windows. TRACE 3-D sub-menus will also be placed in
the View and Commands menus.

Running TRACE 3-D

AVariety of TRACE 3-D commands can be executed from
the pull-down Commands menu, shown in Figure 1.

TRANSPORT » |
TURTLE »

Graph Beam Line
Trace on Background
Plat Projections

Match Specification
Perform Matching

[ e s TRACE 3-D Commands include a
Exchange Beams v variety of beam dynamics, matching
::zz gehj:l:‘;m's and display commands for the TRACE
Show Modfied Sigma 3-D Application Module.

Show Phaze and Energy
Calculate Phasze ddvance

I atch Yariables [MP)
Couple Parameters [MYWC]

PARMILLA Units
Dptione

Figure 1 TRACE 3-D Commands Menu.

The Graph Beam Line command generates the TRACE
3-D beam envelopes and phase-space ellipses in the Graph
Ellipses & Profile Window. Figure 2 shows the result of
executing the Graph Beam Line command using the
Example B model distributed with the application and
described in the TRACE 3-D Documentation.
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Figure 2 is an example of the TRACE
3-D Graphic Output Window after
the execution of the Graph
command.

Figure 3 is an example of the TRACE
3-D History Window after a series of
output commands were executed.

The History Window is editable and
its content can be saved to a disk
file.
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Figure 2 TRACE 3-D Graph Ellipses & Profile
Window.

The TRACE on Background and Projections commands
also use the Graph Ellipses & Profile Window. Other
TRACE 3-D Commands use the History Window shown
in Figure 3. The History Window is cleared automatically
when the Window is closed. Leave the Window open for
a continuous history or use the Save As command in the
Window’s File menu to save the data prior to closing the
Window.

BEAN VECTORS:
beani

3.114000 0.753600 -2.620200 0.578900 0.121000 0.568700

beanf 0000000 0415400 0000000 1328900 0.000000 0357000

beano 1.793313 0495502 -1.375856 4163293 -1.486638 0455113

beanc 0000000 0000000 0000000 0000000 0.000000 0.000000

beanci 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

R-MATRIX (mm. mrad):

1585990 0497681 0.000000 0.000000 0.000000 0.000000
—10.023724 -2 51675 0000000 000000 000000 0.000000
000000 0.000000 -3.987270 0.299561 0.000000 0.000000
0000000 0000000 0214109 -0.266884 0000000 0.000000
0000000 0000000 0000000 0000000 0517963 0.726294
0.000000 0.000000 0.000000 0.000000 -1.724508 -0.487486

HODIFIED BEAM KATRIX (am. arad, %dp/p):
5.4525

22.594448 —0.873388
15805365 0.000000 0.000000
6456831 0000000 0.000000 0.808310
10.248728 0.000000 0.000000 0.000000 0.000000
2.100733 0000000 0000000 0000000 000000 —0.829749
LONGITUDINAL DYHAKICS AND PHASE-SPACE:
Phi= 151.160142 deg. W= 000000 UsV
DP= 21.332367 de3, DW= 83.984560 KeV
DZ= 10246738 deg. DP/P= 21.007332 HeV. Ez= 120166235 pi-nm-mra d

ga| I

Figure 3 TRACE 3-D History Window.
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TRACE 3-D Elements

There are several elements supported by PBO Lab which
are not supported by TRACE 3-D. These are treated as
zero length drift elements in the execution of a TRACE
3-D command and will have no effect on dynamics
calculations. Figure 4 lists all of the beamline pieces
supported by TRACE 3-D.

Type| Piecg Piece Type| Pieceg Piece
Cod¢g Icon| Type Cod¢g Icon| Type
- Initial Beam 8 Bend
1 Drift 9 g Edge
T [ T e
2 || 4. ||Thin Lens 10 ||3F||Radio Frequency Gap
TRACE 3-D native inputs are
=N [ indicated in each Piece Window with
3 ||.2 | |Quadrupole 11 | |n=| |RE . :
=) P . Q green dots which appear to the right
— of a parameter.
4 Qﬁ Permanent Magnet 12 REQ-’ Radio Frequency
Quadrupole =1 | Cavity
5 | |2 ] |Solenoid 13 @ Tank
6 Doublet 14 ﬁ Wiggler
7 Triplet 15 éﬂh Rotate
- ul% Marker - Final

Figure 4 PBO Lab Pieces supported by TRACE 3-D.



5 Initial Beam

Initial Beam Parameters

The Initial Beam Piece is not a beamline element in
TRACE 3-D, itis a specialized PBO Lab piece. However,
the Initial Beam Piece parameters are used define the
initial emittances (EMITI) and the initial Twiss parameters
(BEAMI) inputs for TRACE 3-D. As with other Piece
Windows this window is opened by double clicking on
the Initial Beam Piece icon in the Model Space or Work
Space. This is illustrated in Figure 5. The Initial Beam
Piece also provides a tab panel for initial centroid offset
parameters (BEAMCI) which are used by TRACE 3-D.

The PBO Lab Beam Piece provides a variety of features
including scalable ellipse plots of the beam parameters,
calculation of equivalent Semi-Axis and Twiss parameters
and initial centroid offset parameters, and access to the
Correlation Matrix Window.

In addition to Courant-Snyder (Twiss) parameters the
Beam Parameters selection includes Semi-Axis
parameters for defining the Initial Beam.

Tutorial| Copy from Fmall Copy from Outputl dmrrmintings . Comp From duis | Antoieals Plotsl Set Plot ScalesI ‘
Element T Centroid
Particle Distriution Type IGaussian [ 5-Sigrma) j %y (mm)
Beam Parameters ICcvuxant-Snyder (Twriss) j I 2.1865
S

Parameters Value Units Limits (m“;l’)' f N
Horizontal (x) on

Emittance (x) I 40000 |pi_m_mad, j 00000 1000000 @ \

alpha horizontal (x) 0.1640 -100.0000 1000000 & 21865

beta horizontal (%) I 1.5097 Im"rad j 0.0000 1000000 © 39969 oo 52969
Yertical (¥)

Emittance (¥) I 5.0000 IPi'm“'madv j 0.0000 1000000 ©

alpha vertical (%) I o a0 o0 1000000 @ | Z ()

8268228
beta vertical (y) I 1.5097 |mfrad j 00000 1000000 @
z
(mrad)

Emittance (=) I 4210.0000 Ipi—deg—ke\f,b:j 0.0000 1.00E+004 & oo

alpha longitudinal (z) I 43974 IPhase-Energyj -100,0000 1000000 &

bt etz =) [02050 [agher =] 08000 1000000 © <SR
Comments: -37.70935 oo | 37,7735

BEAM

Figure 5 PBO Lab Initial Beam Piece Window.



The Semi-Axis parameters are not supported directly by

TRACE 3-D, however they can be used to specify an

initial Sigma matrix input for TRACE 3-D using thethe Particle Distribution Type
Correlation Matrix Window. The Correlations button irspecified in the Beam Piece Window
the Initial Beam Window opens the Correlation Matriy not used for TRACE 3-D.
Window. This window is used to specify an Initial Sigma

Matrix for TRACE 3-D. The Correlations button is only

active with the Semi-Axis Beam Parameters Selection.

The Initial Sigma Matrix (SIGI) and the TRACE 3-D flag

(IBS) are assigned when the Semi-Axis Beam Parameters

are selected.

The Comp From Axis Button in the Beam Piece Window
computes the Twiss Parameters from the Semi-Axis
Parameters and the Correlations Matrix. If the Beam
Parameters selection is Semi-Axis then the Comp From
Twiss button will calculate Semi-Axis and Correlation
values from the current Twiss Parameters.

Final Beam Parameters

The Copy From Output button copies the TRACE 3-D

Output Beam Twiss parameters (BEAMO) into the Twiss

parameters of the Initial Beam Piece (BEAMI). The Copy

From Final button copies the Twiss parameters specified

in the Final Beam Window (BEAMF used for matchinggefer to Sections 9.2 and 10.24 of
into the Twiss parameters of the Initial Beam Pieage TRACE 3-D Documentation.
(BEAMI). These buttons provide the TRACE 3-

D Exchange Beams functionality described in Section

10.24 of the TRACE 3-D Documentation. An unlimited

number of Beam Pieces may be stored on the Work Space

and can be used to save copies of the TRACE 3-D BEAMI,

BEAMF and BEAMO beam vectors.

The Final Beam Twiss parameters (BEAMF, used for
matching) are set via a similar window which can be
opened in the Matching Specification Window. The Final
Beam Window can also be opened by double clicking on
a “Final” Piece icon and pressing the New Constraints
button. The Final Beam Window also provides buttons
to copy the Initial Beam Twiss parameters and the TRACE
3-D output beam vector. Unlike the Initial Beam Piece,
the Final Beam parameters are not contained in a PBO
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Lab beamline Piece. There is only one set of Final Beam
parameters for each PBO Lab Document, although these
parameters may be accessed through the Final Piece.
o Multiple Final Pieces do not create multiple Final beam
The Beam and Final Pieces are used 5.9 mater sets, The Final Piece in PBO Lab is used as a
to define the start and stop locations . .
for beam propagation through the spec_lal type of_Mark_er Piece for TRACE 3-D._ The
beamline model. location of the Final Piece in the beamline model is used
to define the the point that beam propagation stops in the
profile plot of the Graph Ellipses and Profile Window.
The Initial Beam Piece defines the starting location for
beam propagation. These TRACE 3-D parameters and
the remaining plot control parameters are described next.

Plot Control Parameters

The TRACE 3-D control parameters: N1 and N2 specify
the start and stop locations for beam propagation through
the beamline model. The NP1 and NP2 parameters specify
the start and stop locations for the beamline model in the
profile plot. The NEL1 and NEL2 parameters specify
the locations for the initial and final phase space ellipse
plots. These are illustrated in Figure 6.

Transverse Transverse
Phase-Space Phase-Spac¢
Ellipses at Ellipses at
NEL1 NEL2
Longitudinal Longitudinal
Phase-Spac¢ Phase-Spac¢
Ellipse at Ellipse at
NEL1 NEL2

Plot Beamline Model Starting
at NP1and ending atlP2

Propagate BeamStarting
at N1 and ending ati2

Figure 6 TRACE 3-D Plot Control inputs.



The locations of the both the Initial and Final Pieces in

the beamline model are used to define the TRACE 3-

D plot control parameters: N1 and N2. There must be an

Initial Beam Piece in the beamline model to execut®ere must be an Initial Beam Piece
TRACE 3-D. However, a Final Piece is not required. Ifi the beam line model in order to
there is no Final Piece in the model then the sequence’gfute TRACE 3-D.

the last Piece in the Model used to define N2. If there are

multiple Initial Beam Pieces in the model then the right

most Beam Piece will be used. If there are multiple Final

Pieces in the model than the left most Final Piece will be

used.

The model is sequenced left to right. N1 is initially
assigned the sequence of the Initial Beam Piece and % ‘eces are sequenced including
the Final Beam Piece. TRACE 3-D supports forward apfces which are not supported as
backward beam propagation. The direction is determing@miine elements by TRACE 3-D.
by comparing the N1 and N2 values. If N1 < N2 thevnsupported Pieces are defined as
forward propagation is used with N1=N1+1 and N2=N2ero length drift elements in TRACE
1. If N1 > N2 then beam propagation is backward. ByP-

default NP1=NEL1=N1 and NP2=NEL2=N2. However,

a Marker Piece (or Final Piece) may be used to specify

alternate locations for NP and NEL parameters.

Final Beaml ‘
— Constraints
E
-
Wew | Bemove| Eait |
— Diagnostics
Trace3D Final Ellipse Plots at this location in beamline ;I
Trace3D Final Element in Profile Plot at this location in beamline
-
Wew | Bemove| Eait |

Figure 7 Final (Marker) Piece Window.
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Figure 7 illustrates the Final Piece Window which is
similar to the general Marker Piece Window. The New
Constraints button opens the Matching Specification
Window. The New Diagnostics button opens the Plot
Control Window shown in Figure 8.

g Plot Control Parameters

—Plot Control
I Initial Ellipse Plots at this location in heamline
|V Final Ellipse Plots at this location in beamline
I First Element in Profile Plot at this Iocation in beamline
|¥ Final Element in Profile Plot at this location in heamline

—Comment Marker

| FINAL

Figure 8 Plot Control Window.

Markers for NP are only valid outside the range of N1-
N2, e.g. NP1 <= N1 and NP2 >= N2 for forward
propagation and NP1 >= N1 and NP2 <= N2 for backward
propagation; Markers for NEL are only valid inside the
range of N1-N2, e.g. NEL1 >= N1 and NEL2 <= N2 for
forward propagation and NEL1 <= N1 and NEL2 >= N2
for backward propagation. The last valid Marker for NP1
(left to right) is used to assign the NP1 value and the first
valid Marker for NP2 (left to right) is used to assign the
NP2 value. The last valid Marker for NEL1 (left to right)
is used to assign the NEL1 value and the first valid Marker
for NEL2 (left to right) is used to assign the NEL2 value.

This Getting Started Section is only intended to provide
the user with a brief overview of the PBO Lab TRACE 3-
D Application Module. Refer to the PBO Lab User
Manual for more general information on the PBO Lab
user interface. The remainder of this Section provides
more information on the material presented in the Getting
Started Section, as well as other important subjects on
the use of TRACE 3-D in PBO Lab. All users are
encouraged to read the entire User Manual.
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2. TRACE 3-D Output

Output from TRACE 3-D is sent to two different windows

in PBO Lab. Text and numerical data is sent to the
TRACE 3-D Text Output Window. Graphic output such

as beam envelopes and phase-space ellipses are drawn in
the TRACE 3-D Graphic Output Window. Additional
output such as Aperture and Profile data, PARMILA Units
data and Matching data are written to disk files which
can be opened from the View menu.

Text Output Window

Text output from TRACE 3-D is sent to the TRACE 3-D

Text Output Window. The Text Output Window has a

default size and location but can be resized in both vertiGal s output window is cleared
and horizontal directions. Text output is appended fQiomatically when the window is
previous output when this window remains open. Closingsed. Leave the window open for
the window will clear the previous content. File, Editontinuous history or use the Save
and Font menus provide the standard commands in tlgommand to save the data prior
Text Output Window, including the Save As commantf €osing the window.

which can be used to save the output from TRACE 3-

D to a named text file prior to closing the window.

Graphic Output Window

Graphic output from TRACE 3-D is sent to a graphic

output window. The Graphic Output window has a default

size and location but can be resized in both vertical and

horizontal directions. The current window contents are _ ,
re-scaled when the window is resized. The graphic outgltlte reszed ihe Srapnic Outbut
window can be resized, positioned and left open fgp, > ™" *e e OHPEIOTE
subsequent graphic commands. The size is only limited
by the size of the monitor. Graphic output can not be sent

to the window if it has been minimized.

13
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3. TRACE 3-D File Menu

There are two TRACE 3-D specific commands: Import
and Export, in the PBO Lab File menu which is shown in
Figure 9. The remaining commands in the File menu are
application independent and are described in Section 3,
“PBO Lab Interface” of the PBO Lab User Manual.

Hew
Open...

LCloze
Save
Save As...

Impart 3
Export 3

Eirit...
Frint Setup,..

Exit

Figure 9 TRACE 3-D File Menu Commands.
Import

The Import command is used to import a native TRACE
3-D input file (Historically referred to as Tape 30). After

a file is selected for import, PBO Lab will construct a
beamline model from the native TRACE 3-D input file.
The resulting model can then be saved as PBO Lab model
file.

Export

The Export command is used to export a native TRACE
3-D input file. After a name is specified for the Export
file, PBO Lab will write the native TRACE 3-D formatted
input file for the beam line model in a PBO Lab Document
window.

17
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4. TRACE 3-D View Menu

There are six commands in the PBO Lab View menu that
are specific to viewing TRACE 3-D data files. Figure 10
shows the TRACE 3-D View sub-menu. The remaining
commands in the View menu are application independent
and are described in Section 3, “PBO Lab Interface” of
the PBO Lab User Manual.

Hide Palette Ear
Hide Global Parameters

Input File:
TRANSPORT b Output File
TURTLE 3 Profile Data
Open Scratch File Aperture Data
— PARMILAUrits
Iatch File

Figure 10 TRACE 3-D View Menu Commands.

View Input File

The Input File command is used to create and view a native
TRACE 3-D input file (Tape 30) which is generated by
PBO Lab from the Document beamline model. This
command will create a “Trace3DInput” ASCII text file
(any previous file is overwritten) and that file will be
opened in an editable text window. The standard File,
Edit and Font menus are provided. The Save As command
can be used to save the input file with a unique name.
Access to the TRACE 3-D native input file is provided
for informational purposes, the text file is not used to
execute TRACE 3-D. PBO Lab implements a dynamic
data interface with the TRACE 3-D application.
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Beam Dynamics commands are
described in in the TRACE 3-D
Commands Menu Section.

The Profile Data Option is accessed
with the TRACE 3-D Options
command in the Commands menu.

The Aperture Data Option is accessed
with the Options command in the
Commands menu.

View Output File

The Output File command is used to create and view a
native TRACE 3-D data file (historically referred to as
Tape 31) which is generated by PBO Lab from the data
returned by TRACE 3-D after execution of a Beam
Dynamics command. The format of this data file is the
same as the Tape 30 input file. However, the output file
will also contain return data such as the output beam
(BEAMO) and the output emittances (EMITO), for a
previously executed TRACE 3-D Beam Dynamics
command.

View Profile Data

The Profile Data command is used to open an existing
“Profile Data” file. The profile data file will be opened

in an editable text window. The standard File, Edit and
Font menus are provided. The Save As command can be
used to save the input file with a unique name. The Profile
Data file is created during the execution of the Graph
Beam Line command when the Profile Data Option has
been selected in the TRACE 3-D Options window. With
each execution of the Graph command a new Profile Data
file will be created, over writing any previous file.

View Aperture Data

The Aperture Data command is used to open an existing
“Aperture Data” file. The aperture data file will be opened
in an editable text window. The standard File, Edit and
Font menus are provided. The Save As command can be
used to save the input file with a unique name. The
Aperture Data file is created during the execution of the
Graph Beam Line command when the Aperture Data
Option has been selected in the TRACE 3-D Options
window. With each execution of the Graph command a
new Aperture Data file will be created, over writing any
previous file.

22



View PARMILA Units

The PARMILA Units command is used to open an existing

“PARMILA Units” file. The PARMILA Units file will

be opened in an editable text window. The standard Fi@en the PARMILA Units command
Edit and Font menus are provided. The Save As commai@xecuted, any existing PARMILA
can be used to save the input file with a unique nanwata file will be over written.
This command will not generate the file if it does not

exist in the application directory. The PARMILA Units

file is created with the Compute PARMILA Units

command in the Commands menu. The file contains

unnormalized input units and normalized output units

converted from TRACE 3-D BEAMI, BEAMO, EMITI,

and EMITO parameters.

View Match File

The Match Output command is used to view the

“match.out” data file which is generated during a Perform L
Matching command. The match output file will be openﬁfttr:r?tg: thciuz)fgiu"tvlg'nbgfotfé
in an editable text window. The standard File, Edit ang:sorm matching command.
Font menus are provided. The Save As command can be

used to save the input file with a unique name. Match

specification and execution are described in the “TRACE

3-D Matching” Section.

23
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5. TRACE 3-D Commands Menu

The Commands menu illustrated in Figure 11, is used to
execute TRACE 3-D specific commands. The majority of
commands correspond directly to the native TRACE 3-D
commands described in the TRACE 3-D Documentation.

Graph Beam Line
TRANSPORT » Trace on Background
TURTLE 3 Plot Projections

I Calculate Phaze Advance

(et (s S e Most of the PBO Lab TRACE 3-D
';":f:‘ nf;“j'cf:::‘g'°“ Commands correspond directly to the
[ native TRACE commands described
el s in the TRACE 3-D Documentation.

Couple Variables

Show Beam Vectors
Show B kdatriy
Show Modified Sigma

Calc PARMILLA Units
Dptione

Figure 11 TRACE 3-D Commands Menu.

TRACE 3-D Commands are organized in four functional
groups. The first group contains beam dynamics related
commands. The second group of commands support
matching operations. The third group contains display
commands and the last command is for the TRACE 3-D
Options window.

Some TRACE 3-D commands that are not present in the
PBO Lab TRACE 3-D Commands menu such as
NEWFILE, INPUT, ADD, DELETE, QUERY and SAVE
are found in the File menu or are effectively incorporated
into the PBO Lab graphic user interface. Equivalent
commands for NEWFILE in PBO Lab are the New, Open
and Import commands in the File menu. The INPUT,
ADD, DELETE and QUERY commands are not used
since the PBO Lab interface handles these functions with
graphical beamline set up and access to element
parameters by double-clicking Pieces in the beamline
model. The SAVE command equivalents in PBO Lab are
the Save, Save As and Export commands in the File menu.
The END command is equivalent to Exit in the File menu.
These menu commands are discussed in Section 3 “PBO
Lab Interface” in the PBO Lab User Manual. Two other
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The Graph Beam Line command
generates beam envelopes and
phase-space ellipses in the Graphic
Output window.
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TRACE 3-D commands, CENTROID and APERTURE
are integrated into the PBO Lab user interface. The
CENTROID equivalent in PBO Lab is the Centroid
Parameters tab panel in the Initial Beam Piece, which
provides access to beam centroid offsets. The
APERTURE command is implemented in PBO Lab as a
user option. This is described in the “TRACE 3-D
Options” Section.

Most TRACE 3-D commands result in output to one of
two different TRACE 3-D output windows. Graph Beam
Line, Trace on Background and Plot Projections
commands send graphics to a Graphic Output Window.
Other Beam dynamics commands and the display
commands send text to a Text Output window.

Beam Dynamics Commands

There are five commands in the Beam Dynamics group
of the TRACE 3-D Commands menu. Each of these
commands are described here.

Graph Beam Line

The Graph Beam Line command generates the TRACE
3-D beam envelopes and phase-space ellipses in the
Graphic Output window. Figure 12 shows the result of
executing the Graph Beam Line command using the
Example B model distributed with the application and
described in the TRACE 3-D Documentation.

The beamline elements are drawn first in the profile box
at the bottom of the window. The initial phase space
ellipses are then drawn. Horizontal (solid red) and vertical
(dashed blue) ellipses in the top plot and longitudinal
(dashed green) in the bottom plot. If the Initial Piece is to
the right of the Final Piece in the beamline model, then
the initial ellipses will be drawn on the left-hand side of
the window; if the Initial Piece is to the right of the Final
Piece in the beamline model then the beam traverses the
model in the reverse direction and the initial ellipses will
be drawn on the right-hand side of the window.
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BH Graph Ellipses & Profile M= E
File  Edit
EEAM AT NEL1= 1 I=  100.0 mi EEAM AT NELZ= 21
I=3.I1 | BE=0. 754 W= Zz.0000  2.0000 MeV NEI=I.7 E=0.49%
W a=-z.6z | B=0.579 FEEQ= &0.00 MHz = WL= 3747.41 um W i=-1.3 E= 4.15
EMITI= 60.000 €0.000 1000.00
EMITO= &0.000 60.000 1000.00
% Hi= 1 Mz= =zl
P MATCHING TYPE = & Sl

Lt ! DESIRED WALUEZ (EEALMF) o Y -
K alpha bheta e
- b 0.1l&40 1.8037
l 4. 000m:

b 0.0430 1.5097
13 400um x 55.400nyad MATCH VARTARELES (NC=4) 17.300mmn 3 £
HMPF MPE VALUE
% 4=0.171 E=0. 569 1 & -Z6.50000 | a=-1.43 B=0.4EE
1 2 2. 50000
1 1z —Z&. 50000
1 17 Z&. Eoooo

PREOLab T RAMACE
CODE: TRACEZD w&l b
DATE: 0%-15-155%

TIME: 11:3&:07

47.7000epe S4. S00KeT 27.8000ec 105 900EeU
1

nrI= I T-20 un Horizontal)l T7.Z Deg.|(Longitadinal] =
v v —
—— L ———— N
wra | ero | —— 0 2 0 Q a
Iz ] E) E 6{7 g EN _101’1.11_ ] 141{16 17 lsljszo Z1

21.40 mm{Vertical) Length= 1131.80 mm

Figure 12 Output from the Graph Beam Line Command.

Beam envelopes are then drawn in the beam profile box
at the bottom of the window. The horizontal (solid red)
and longitudinal (dotted green) beam profiles in the upper
half of the profile box and the vertical (dashed blue) profile
in the lower half. After the beam envelopes are complete,
the final ellipses are drawn followed by various parameter
values which are displayed in the center of the window as
shown in Figure 12.
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The Trace on Background command
generates an overlay of beam
envelopes and phase-space ellipses
in the current Graphic Output
Window.

EH Graph Ellipses & Profile

Filz Edit
BELM AT NEL1= 1
E= 311 E=0.754
W a=-z.62 E=0.579
W A= 3.11 E=0.754
W &=

_quif\ E=. 579
v "
-

13.400mm x 55.400mrad

A=0.1Z21 E=0. 563

A=0.1Z1 E=0. &g

47.700Deme S4. 500KeW
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Trace on Background

The Trace on Background command generates beam
envelopes and phase-space ellipses over the output from
a previous Graph Beam Line command. The Trace
command will be dimmed if a Graph command has not
be executed.

The Trace on Background command is not useful if the
beamline length has been changed or the Graphic Output
Window has been resized since the last Graph command.
The Graphic Output window must be left open after a
Graph command to use the Trace on Background
command. Figure 13 shows the results from the Trace
on Background command over the Graph example
illustrated in Figure 16.

I= 100.0 md EEAM AT NELZ= Z1
= Z.0000 £.0000 MeV E=0.43%

1.
FREQ= &0.00 MHz WL= 3747.41 mm 1.
EMITI= &0.000 &0.000 1000.00

5 E= 4.16

ZE=0.41%

EMITO= &0.000 &0.000 1000.00 - E = 1.33
Nl= 1 Né= Z1 _ﬁ

LT LN
oo fee 3o 3ed
nnun
ool
- [y
A LRIV |

MATCHING TYPE = &
DESIRED WALUES (EEAMF)

alpha beta By
*® 0.1l640 1.5097

v 0.0430 1.&t097

MATCH VARIABLES (HC=4) 17.500nn X 4. 000mys
HPP MPE VALUE
1

5 —Z&._ 50000 & a=-1_43 E=0-455
1 9 Z&. Eoooo
1 1z —Z&. 50000 % A=-1.35 E=0.487
1 17 Z&. Eoooo

PREOLab TRACE
CODE: TRACEZD w&l b
DATE: 09-15-1933

TIME: 11:35:07

37.800Deck 1l05.300Ee%

UFT= T T 40 mmiHorizontal) E7.Z Deg. iLongitudinall Hbe= T

) - r__
WJEE_MH———__—Q-—J’% Q “%#;,E/ Q %

— 3 Y T CREN ECEEE BT N ] T4ifie 17 181pz0 | 21

--------- RER R
hEE AL .l

21.40 um{Vertical) Length=  1131.80 um

Figure 13 Output from the Trace on Background Command.
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Plot Projections

The Plot Projections command requires the previous

execution of a Graph command and will be dimmed if a o ,

Graph command has not be executed. Projections of gt Molections command s used
. . . ._toplotinitial and final projections on

beam in X-y, x-z and &p/p are displayed in the Graphic, ", and x-ap/p planes.

Output window. The upstream end of the system is shown

on the left-hand side of the window and the downstream

end on the right. Figure 14 shows the resulting display

after executing the Plot Projections command.

B2 Plot X-Y, X-Z. & X-DP/F Projections

File  Edit

Nl = 1 I= 100.0 mb
= Z.0000 Z.0000 MeW
FREQ= &0.00 MHz WL= 3747.41 mm
EMITI= &0.000 &0.000 1000.00
EMITO= 0. 000 0.000 o.0o0
Nl= 1 Né= Z1

Z1

MATCHING TYPE = 0

-
I-Y k/ I-¥

12.400 my X 132400 nm 17.500

PREOLab T RAMACE
CODE: TRACEZD w&l b
DATE: 0%-15-1339%
TIME: 14:4E5:16
I-Z X-Z
13.40 13,400 mm 17.900

g | T

17.900 1

e
S

X 17.900 1

/J 24.000 1

Figure 14 Output from the Plot Projections Command.

E

£

X-BRJP X-BRfP
13400 wg ¥ 55400 nrad 17. 500
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The Calculate Phase Advance
command calculates and displays the
phase advance and Twiss parameters
for the three phase-space planes.

Calculate Phase Advance

The Calculate Phase Advance command is used to
calculate and display the phase advaagtaiid the Twiss

(a & B) beam ellipse parameters for each of the three
phase-space planes. This command requires a previous
execution of the Graph command. The phase advance is
given in degrees, alpha and beta are in mm/mrad. The
results are sent to the Text Output window. An example
of the resulting output from this command is shown in
Figure 15.

Calculate Phase & Energy

The Calculate Phase & Energy command is used to
calculate and display information about the the
longitudinal plane of the output beam. This includes the
phase and energy of the beam center, the phase and energy
half-widths, the length on the longitudinal semi axis, the
half-width and the longitudinal emittance. An example of
the resulting output from the Calculate Phase & Energy
command is shown in Figure 15. Refer to Section 10.23
in the TRACE 3-D Documentation for additional
information on Phase and Energy.

TVISS PARAMETERS:
SI1G

Z 99 421114
z 85.713865

ALPHA BETA
0. 937615 0333958
—0.404400 0.370931

LONGITUDINAL DYNAKICS AND PHASE-SPACE:
Fhi= 151.160142 deg. U= 2.000000 MeV
Lp= 20.416651 deg. DW= 77.496828 KeV

DZ= 9 808340 deg. DP<P= 19 384534 MeV. Ez= 120 166235 pi-mm-mrad

hd |

4] T

Figure 15 Output from Calculate Phase Advance and
Calculate Phase & Energy Commands.
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Matching Commands

There are five different matching related commands in

the TRACE 3-D commands menu. These are briefly

described here. The “Matching Options” Section describes
the steps for setting the match type and specifying match
and couple variables for a matching problem.

Match Specification

The Match Specification command opens the TRACE 3-

D Match Specification window. Depending on the

particular match type selected, TRACE 3-D will attempt

to find matched-ellipse parameters or values for specified

match variables, in order to fit the final beam or specifie@le “matching options” section
matrix elements. The match procedure searches fotiegribes the steps for setting the
solution to a set of nonlinear, simultaneous equationsnatch type and specifying match and
an iterative procedure. The maximum number of iteratiofple variables for a matching
(NIT) and the matching tolerance (DELTA) are set in th&°Plem-

Match Specification Window as described in the

“Matching Options” Section. If a solution has not been

found within the specified number of iterations, then the

match variables will be set to the values found which

minimize the convergence factor.

Perform Matching

The Perform Matching command is used to start the
matching process. The match type must be set prior to
execution of this command. Output from the matching
process includes the convergence factor and the values
for each of the match variables. This data is written to
the match.out file for each iteration. Matching will
proceed until the maximum number of iterations has been
reached or when the convergence factor falls below the
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For a definition of the TRACE 3-D
mismatch factor refer to the
TRACE 3-D Documentation.

The Match and Coupling windows
are discussed in the “Matching
Options” Section.

user specified Tolerance. The final values calculated for
the selected match variables and the associated
convergence factor are sent to the Update Match Variables
window as described in the “Matching Options” Section.

Calculate Mismatch

The Calculate Mismatch command calculates and displays
the mismatch factor between the output beam (BEAMO)
and the desired final beam (BEAMF). Note that a match
type must be set in the Match Specification window.
Output from the Calculate Mismatch command is sent to
the Text Output window.

Match and Couple Variables

The Match Variables command opens the TRACE 3-D
Match Variables window which displays the current match

variable selections and there values. The Coupled
Variables command opens the TRACE 3-D Coupling

Variables window which displays the currently selected

TRACE 3-D coupling variables and their associated match
variables.

Display Commands

A variety of commands are available for displaying data
before and after a Graph command has been executed.
Most of these commands display data calculated from a
previous Graph command. Figure 16 illustrates the Text
Output window after executing the Show Beam Vectors,
Show R-Matrix and Show Modified Sigma commands.
This output is from Example B after matching to
convergence.
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Show Beam Vectors

The Show Beam Vectors command is used to display all
of the TRACE 3-D beam vectors. The initial beam
(BEAMI), the final beam (BEAMF) and the output beam
(BEAMO) are displayed, followed by the beam centroid
offsets (BEAMC) and the initial beam centroid offsets
(BEAMCI). The output for this command is illustrated
in Figure 18. The output beam (BEAMO) must be
calculated in a previous Graph command.

Show R Matrix

When a Graph command is executed the 6x6 transfer
matrix is stored in the RM array. The Show R Matrix
command displays this R matrix. A description of the R
matrix for each element can be found in Section 6
“Transfer Matrices” in the TRACE 3-D Docu-mentation.
An example of the output generated by this command is
illustrated in Figure 18.

Show Modified Sigma

The Show Modified Sigma command displays the
modified Sigma matrix in the Text Output window in the
format shown in Figure 17. Output from the Show
Modified Sigma command is shown in Figure 16.

X max

X' r
max 12 Because the Sigma matrix is a

, symmetric matrix, only half of the
Y max ria  T2a T34 elements are displayed.

Z max ris Tas T35 Tgs

Mgmax M6 Tas Tas Tas Iso

Y max riz ro3

Figure 17 Modified Sigma Matrix Format.
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Figure 18 shows of the resulting output from the three
display commands: Show Beam Vectors, Show R Matrix,
and Show Modified Sigma.

B Trace3D History = [_ O] ]
Fie Edt Font
=
BEAM VYECTORS:
beani F.114000 0.753600 —2.620200 0.578900 0.121000 0.5658700
beanf 0.opooooo 0.415400 0.poooao 1.328900 0.o00000 0.357000
beano 1.793312 0.495502 —1.375856 4.1632493 -1.486638 0.4551132
beanc 0.oo0o00 0.000000 0.oo0o00 0.000000 0.ooo0o0oo 0.000000
beanci o.ooooon 0.000000 o.ooooon 0.0o00000 o.oooooo 0.0o00000
R-HATRIXZ (mm. mrad):
1.585990 0.497681 0.opooooo 0.o000000 0.oo00o00 0.o000000
—-10.029724 —2.516788 0.ooo0o00 0.000000 0.000000 0.000000
o.ooooon 0.000000 —3.987270 0. 299561 0.000000 0000000
o.pooooo 0.o00000 0.214109 -0 266884 0.oo0o0ooo 0.oo0o0o00
o.pooooo 0.o00000 o.pooooo 0.oo00000 0.517963 0.726294
o.pooooo 0.o000000 o.pooooo 0.ooo0oo00 -1.724508 —0.487486

5.452533

MODIFIED BEAM MATRIX (mm. mrad. Xdp/p):

22.594448 —0.873388
15.805365 0.000000 0.o0ooao

6456831 0.000000 o.oooooo 0.808910
10.248738 0.000000 o.oooooo 0.0o00oo0 0.oooooo
2.100733 0.o000000 o.pooooo 0.ooo0oo00 0.oo0o0o00 —0.829749

[

I

Figure 18 Example Output from Various Display Commands.

When the PARMILA Units command
is executed any existing PARMILA Data
file will be over written.

The Options command is used to
access graphic scales, element
options and profile/aperture data
preferences.

Calculate PARMILA Units

The Calculate PARMILA Units command will cause
TRACE 3-D to calculate and write the “PARMILA Units”
file. This file will then be opened in a text window. The
PARMILA Units file contains PARMILA unnormalized
input units and normalized output units converted from
TRACE 3-D BEAMI, EMITI, inputs and BEAMO,
EMITO outputs. The PARMILA Data file may be opened
using the Show PARMILA Data command in the View
menu.

Options

The Options command is used to open the TRACE 3-D
Options window which provides access to additional

TRACE 3-D parameters, including graphic scales, element
options for the PMQ Step size and fringe field extension
factor and Thin Lens chromatic aberrations, and profile/
aperture data output options. The Options window is
described in the “TRACE 3-D Options” Section.
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6. TRACE 3-D Matching

The matching capabilities of TRACE 3-D are among its
most powerful features. This section discusses the use of
PBO Lab to implement the various matching options
available in TRACE 3-D. The set up of matching
problems is the focus of this section. The Match
commands are discussed in the “TRACE 3-D Commands
Menu” Section.

Fourteen different beam matching or parameter fitting

options are available in TRACE 3-D. The match type

(MT) indicates the type of matching desired. Types 1-4

specify that matched Twiss parameters are to be found.

Type 13 specifies that initial Twiss parameters are to I@€ace 3-D supports fourteen
found to fit desired final Twiss parameters. Types 5-If#ferent types of beam matching
specify that values are to be found for selected elemert fitting.

parameters to fit final Twiss parameters, or to fit selected

R matrix or Sigma matrix elements. Type 14 specifies

that values are to be found for selected element parameters

to fit for desired phase advances in selected phase planes.

The PBO Lab TRACE 3-D Match Specification Window

shown in Figure 19 is used to set the match type and to

access other matching parameters. Matching types are

divided into two groups: “Find Matched Twiss,, types are divided into Beam
Parameters” and “Find Variables For Match”. Match typ&®atching and parameter Fitting
1-4 are used to find matched Twiss parameters, similaghgups.

match type 13 varies initial Twiss parameters to match

for desired final Twiss parameters. Match types 5-12 are

used to find variables for a match by varying element

parameters.
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B8 Trace 3-D Matching E

" Disable Matching

Beam Matching [Find Matched Twnss Parameters)

— Wary Imitial Beam to Find the Matched Beam
{1 Matched beam in 3,V planes {5 Matched bean in Z,¥,Z planes (Upright)
{2 Matched bean in T plane {4 Matched beam in 7. T planes

— Wary Initial Beam for Desived Final (Catput) Beam

™ 13 Fit desived heam in Z,¥,Z planes Final Beamn |

Parameter Fitting [Find Variables for Match)

— Wary Jelected Element Parameters to Fit Desired Final (Catpat] Beam
(" 5Fitbeam in X plane ¥ Fitheam in Z,T planes
" & Fitbeam in ¥ plans " 9 Fit heam in £,¥,7 planes Final Beam |
(" 7 Fit beam in T plane 12 Fit for round beam

[T Match in Specified Range (Valid for Match Types 7.3, or @ only)

— Wary Jelected Element Parameters to Fit Desired B or Sizma Matrx

{10 Fit desired B matrix elements Matrix Elerments |

£ 11 Fit desired Sigma matrix elements

— Wary Selected Element Parameters to Fit Desired Phase Adwances
{14 Fit for specified phase advances in specified phase planes Phase Advances |

— Convergence Critera

Maxi:rrmmlteratinnsl 10 Matching Tolerance I 1.00E-005

Figure 19 TRACE 3-D Match Specification Window.

The Match Specification window also provides access to
additional parameters for the maximum number of match
iterations (NIT) and the tolerance for matching
convergence (DELTA). All of the matching procedures
use the convergence criteria which are specified in the
Match Specification Window. Matching is terminated if
the calculated mismatch factor is below the specified
Tolerance value or when the maximum number of
iterations has been reached.
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The Match Specification Window provides a Final Beam

button which opens the Final Beam Window. Thi4 detailed definition of the mismatch
window, shown in Figure 20 is used to specify the desirg% 2" be found in the TRACE
final (output) beam for match types 5-9 and 12. D Documentation.

dvstoSeale Plots| St Plot Srales

Parameters Value Units Limits

Horizomtal (x) %, ¥ (rum)
alpha horizontal (x) 0.1540 -100.0000  100.0000 —
=,y

beta horizantal (x) 1.5097 mimrad 00000 100.0000 (mrad) KN

— N

alpha vesticl (y) l—D 0450 -100.0000  100.0000 -2.1885
beta vertical () l—l s097 RSP p——— 00000 100.0000 32969 00 [Gzees
(num)
5269228
Longitudinal (z)
- z"
alpha longitadinal () e 20009 1000000
(mrad)
bata longitudinal (=) l—D 2080 deeike¥ = Laggs  100.0000 oo
Comments: -B28 2228
EEAMO000 37,7735 00 [E777m3s

Figure 20 Final Beam Window.

The Matrix Element button in the Match Specification
Window opens the Matrix Goal Selections Window shown
in Figure 21. This window allows the user to specify
values of selected R matrix elements (match type 10) or
Sigma matrix elements (match type 11).

E Matrix Goal Selections

—Matrix Vahe

[524 [o.0000 et |
Delste |
811|912 (313 |14 815 |18 | [t Blement | Value Units

921 [ 322 | 823 | 324 | 825 | 826

o R I I T | S NN A N N
il Lo el LanRion Lo

351 | B51 [ 353 | 854 [ 355 | 556
Bal | P62 [ 363 | D64 |36 | B8

Figure 21 Matrix Goal Selections Window.
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For match type 14, the Phase Advances button is used to
open the window shown in Figure 22 in order to fit for
specified phase advances in the selected phase planes.

g Match For Phase Advance in Selected Phase Planes
Select Phase Plane and Phase Advance

¥ Horizontsl Phase Plane (XX ["0.5000 deg

¥ Wertical Phase Plane  (¥-71 | 0.5000 deg
[~ Longitudingl Phase Plane (Z-B/P) [ 00000 deg

Figure 22 Match for Phase Advances
in Selected Phase Planes.

Beam Matching
(Find Matched Twiss Parameters)

Beam Matching procedures are specified in the Match
Specification Window. The Initial Beam Twiss Parameters
are varied with these procedures but they are not explicitly
selected as match variables. The Perform Matching
command in the TRACE 3-D Commands menu is used
to execute the matching procedure. Following the
matching procedure, the Update Beam Parameters
window, shown in Figure 23 is automatically opened. The
Initial Beam Parameters will not be updated in the
beamline model until they are explicitly updated by the
user. Parameters may be updated individually or all at
once. All parameter updates must be made prior to closing
the window. Continue the matching procedure with
additional executions of the Perform Matching command
after updating the beam parameters. The variables for
each match iteration and the associated mismatch factor
are written to the “match.out” file which can be opened
with button in the Update Window or by using the match
output View menu command.
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ﬁ Update Beam Parameters |
Mateh Outpat File Mismaich Factor= L.TT8T
Update Al Vahies | Update Selected Match Value |
Label Parameter M ame Walue Update ituit

heta horizontal () 0434607 0454607

heta vertical () 0.535151 0535151

beta longitudinal (z) 0.456151 0456151 deg/keV

Figure 23 TRACE 3-D Beam Update Window.

Parameter Fitting
(Find Variables For Match)

Parameter Fitting procedures are specified in the Match
Specification Window. The beamline element parameters
varied with these procedures must be explicitly selected
as match variables in the Special Parameter Setting
window. The S-Window, shown in Figure 24 is accessed
with the S-button located to left of the parameter name in
the Piece Windows of beamline elements.

Application specific inputs are accessed in the TRACE
3-D tab panel of the Special Parameter Settings Window.
The example in Figure 24 shows the Magnetic Field
Gradient parameter being selected as a match variable in
the Quadrupole element labeled QUADL.
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Application Independent
Variable Name

B Special Parameter Settings

QUAD] - Magnetic-Field Gradient

Parameter Variahle: I MTCHL

Trace5D T Transport

" Magnetic-Field Gradient = -234 4380 kGim

; G'kMatch Wariahle: I MTCHIL
= Couple to Match Varishle: IMTCHI - l Coupling K Factor: I 1

= Import Parameter [~ Print Parameters

specifying parameter as a Match Variable, Coupled to

Application Specific settings for TRACE 3-D inclu%e
a Match Variable or as an Import Parameter.

Figure 24 Special Parameter Setting Window.

Depending on the type of Parameter Fitting selected, the
fitting constraints are specified with the Final Beam,
Matrix Elements or Phase Advances buttons in the Match
Specification window shown in Figure 19. The Perform
Matching command in the TRACE 3-D Commands menu
Is used to execute the matching procedure.
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g Update Match & Couple Parameters

MatchOutput File | Mismaich Factor = 00284

Maich Parameiers Tpdate 41 Vahies | TUpdate Selected Match Wahe |

Parameter Name IMatch Variahle Unit = |

QUADZ Iagnetic-Field Gradient MTCH2 26.500000( 27413967 Tim —
QuaD4 Magnetic-Field Gradient MTCH4 26.500000| 24813277 Tim

Couple Parameters Update A1l Comples | TUpdate Selected Couples |

Parameter Mame Couple to Match Variable

Figure 25 Update Match and Couple Variables Window.

Following the matching procedure, the Update Match
Variable window shown in Figure 25 is automatically
opened.

The fitted match variables will not be used to update the
beamline model until they are explicitly updated by the
user. Parameters may be updated individually or all at
once. All parameter updates must be made prior to closing
the window. The variables for each match iteration and
the associated mismatch factor are written to the
“match.out” file which can be opened with button in the
Update Window or by using the match output View menu
command. The Update Window also displays any
parameters which have been coupled to a match variable.
As with the match variables, the couple variables will not
be used to update the beamline model until they are
explicitly updated by the user.
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Use the Match Output button in the
Update Window to view matching
results.

PBO Lab automatically sets up the MP
and MVC arrays that are used by
TRACE 3-D.
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TRACE 3-D Matching Types

Each of the TRACE 3-D match types for Beam Matching
and Parameter Fitting are briefly described here. A
detailed definition is presented in the TRACE 3-D
Documentation.

Find Matched Twiss Parameters
(Match Types 1-4)

Once a beamline is defined the only action necessary for
setting up a beam matching problem to Find Matched
Twiss Parameters (match types 1-4) is to select the match
type in the Match Specification Window. Once the match
type is specified, select the Perform Matching Commands
in the TRACE 3-D Commands menu to execute the
TRACE 3-D matching procedure. These commands are
discussed further in the “TRACE 3-D Commands”
Section.

Find Variables For Match
(Match Types 5-12 & 14)

Once a beamline is defined, match variables must be
specified for parameter fitting in order to Find Variables
For Match (match types 5-12 & 14). These match types
have been further divided in the Match Specification
Window according to whether the objective is to adjust
beamline element parameters to achieve (a) specified final
values of certain Twiss parameters (match types 5-9), (b)
specified values of selected R matrix elements (match type
10) or Sigma matrix elements (match type 11), (c) fit for
a round beam (match type 12), or (d) fit for specified
phase advances in selected phase planes (match type 14).
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Match and Couple Variables

Beamline element parameters are selected as matching
TRACE 3-D (MP) or coupling (MVC) variables in a
Special Parameter Settings windows described previously.
This is illustrated in Figure 26 with a Quadrupole Piece
Window. In this example the “S” button is pressed for
the Magnetic Field Gradient parameter. This opens the
Special Parameter Settings window (S-Window). The S-
Window is a PBO Lab window with application specific
tab panels. The number of tab panels depends on the
number of installed applications. Only the TRACE 3-D
Special Parameter Setting are described here.

B4 Quadrupole
Tuton'all ‘
Element T Fringe Field T Geometry T Location
Quadrupale Strength |Fietd Gradient d

Parameters Value Uniis Limits

ﬂ Effective Length I 00960 Im j 0.0050 01840 @

«; Magnetic Field at Pale Tip I 2 G500 |kG j -4.2700 42700

«; Aperture Radins I 00100 Im j 0.0050 0.5000

SlMagmetic-Field Gradient I _2 6500 IkG."cm j -4.2700 42700 O

Né Cmadmpaole Coefficient K1 I -31.7107 Ltk -147.7754 1477754

ﬂ Rotation (Roll) Angle I 0.0000 IDeg:rees j -180.0000 1200000 ©

«; Thin Lens Foral Length I 01136 Im j -INF -0.0413

Comments:

I QUADI EH Special Parameter Settings

QUAD]L - Magnetic-Field Gradient

Parameter Varighle: I MTCHL

The "S" button opens th
Special Parameter Settings TraeaD 1 T
Window for a parameter.

" Magnetic-Field Gradient = -285.0000 kGim

This parameter has bee r:kMatcwmame; Moo
defined as a TRACE 3-  Conplto Wt Vatls [ITE ] Conping K Pt [T
Match Variable.
" Import Parameter [" Print Parameter

Figure 26 Special Parameter Settings Window.
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By default there are no active Special Parameter Settings
for Piece Parameters. Initially the Parameter Variable
name field at the top of the S-Window is empty and the
radio button selection indicates the parameter value as
specified in the Piece Window.

The only thing that is required to specify a parameter as
a match variable is to select the “Match Variable” radio
button in the TRACE 3-D tab panel. A default variable
name will be generated in the Parameter Variable text field
in the upper (application independent) portion of the S-
Window. The Parameter Variable name is application
independent which means that it is used by PBO Lab and
it may also be used by any installed application.
TRACE 3-D does not use this variable name directly. The
name is used in the PBO Lab interface to identify the
Special Settings for this parameter. This name can be
changed but must always be unique among other variable
names in a beamline model. The variable name is also
used when specifying a coupling variable

B8 Special Parameter Settings

QUADS - Magnetic-Field Gradient
Parameter Varighle: I

Trace3D T Transport

' Magnetic-Field Gradient = -265.0000 kGim

€ Match Varishle: |
% Couple to Match Varishle: I vl Cenpling K Factor: I 1
T o

" Import Parameter [ Print Parameters

This parameter has bee T
Coupled to a previously
defined Match Variable.

Figure 27 Specifying Coupling Parameters.

TRACE 3-D supports coupling element parameters to
match variables. PBO Lab identifies match variables by
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name and this name is used to specify which match
variable will be used for coupling a parameter. This is
illustrated in Figure 27.

In this example the radio button for “Couple to Match
Variable” has been selected and user has previously
specified four match variables which appear in the pop
up to the right.

This parameter will be coupled to the chosen match
variable in the pop up list. The “Coupling K factor” is
specified in the field to the right. It's use is described in
the TRACE 3-D Documentation. The default value of
one has no effect.

Match and Couple List Windows

There are additional windows available to show all of the
match and coupling selections. The Match Variables
command in the TRACE 3-D Commands menu opens the
Match Variables list window shown in Figure 28. The
Coupled Variables command in the TRACE 3-D
Commands menu opens the Coupling Variables list
window shown in Figure 28. Double clicking on any entry
in these windows will open the associated Piece Window
containing that match or couple variable.

E Match Yariables

Parameter Mame Farameter Variable |Match| Value

QUADZ Iagnetic-Field Gradient MTCHZ 27407
QUADA Wagnetic-Field Cradient MTCHA 24758

ﬁ Couple Variables
Lahel

Parameter Name Couple to Match Variahle

- QUADA Iagnetic-Field Gradient MTCHZ

Figure 28 Match & Coupling Selections.
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The VAL and [JM arrays are
automatically set up from the users
Matrix Goal Selections.

Matching the R and s Matrices
(Match Types 10 & 11)

Both the R Matrix option (match type 10) and the Sigma
Matrix option (match type 11) use the Matrix Goal
Selections Window (Figure 21) for inputting the goal
values for up to six (6) of these matrix elements. The
process for making goal selections in this window is the
same for either matrix. To specify a matrix element value,
click on the desired element in the matrix display and
enter the value in the Matrix Value field. Use the Accept
button to add it to the list. An entry in the list can be
removed by selecting it with the mouse and pressing the
delete button.

Matching for Round Beam
(Match Type 12)

Match Type 12 is used to vary element parameters to fit
for a round beam (equal X and Y envelopes at the end of
the beamline). Matching variables (beamline element
parameters which are to be varied) must be specified as
described previously. The Perform Matching command
can then be executed to find values for match variables
that satisfy the desired round beam.

Matching for X,Y,Z Planes
(Match Type 13)

Match Type 13 is used to vary initial Twiss parameters
(BEAMI) to fit a desired beam in X,Y,Z planes
(BEAMF).The initial Twiss parameters in the Initial Piece
Window will be varied by TRACE 3-D to fit a desired
final beam which is specified in the Final Beam Window.
The Final Beam Window (Figure 20) is opened with the
Final Beam buttons in the Match Specification Window.
The Perform Matching command can then be executed to
find the initial Twiss parameters that satisfy the desired
Final Beam.
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Matching for Phase Advance
(Match Type 14)

Match Type 14 is used to vary element parameters to fit

for specified phase advances in specified phase-space

planes. Match variables (beamline element parametess match output file will be over
which are to be varied) must be specified as describ@aten on each execution of the
previously. The desired phase-space planes and phiagerm Matching command.
advances are set in the Match for Phase Advance Window

illustrated in Figure 22. This window is opened with the

Phase Advances button in the Match Specification

Window.
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PBO Lab 2.0

TRACE 3-D Options
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TRACE 3-D
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Module
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7. TRACE 3-D Options

The TRACE 3-D Options Window is opened with the
Options command in the TRACE 3-D Commands Menu.
The Options window, shown in Figure 29 provides access
to TRACE 3-D graphic scales, element options for the
PMQ Step size and fringe field extension factor as well
as Thin Lens chromatic aberrations, and profile/aperture
data output options.

B2 Trace 3-D Dptions [ x|

Graphic Scaling Parameters T Elements T Profiles and A pertures

[~ Use dntomatic Graphic Scales

— Initial Transverse Phase-Space Ellipse Scales

—Final Transwerse Phase-Spare Ellipse Scales

Transverse Phase-space [xmi) 161383 mm Transverse Phase-space (zmf) 150000 mm
Transverse Phase-space (xpmi) I 700402 murad Transverse Phase-space (xpmif) I 24 0000 mrad

—Initial Longitudinal Phase-Space Ellispse Seales

—Final Longitadinal Phase-Space Ellispse Scales

Longitadinal Phase-space (dpmi) [ 75 3160 deg Longitudinal Phase-space (dpmf) [ 75 3180 deg

Longitudinal Phase-space (dwaami) I 00732 ke¥ Longitudinal Phase-space (damf) I 0.0732 ke¥
— Beam Profile Plot Scales —Praojection Plot Scales

Longitudinal Profile Flot (dpp) 158 6320 deg Projection Plats () 322785 L

Transverse Profile (ym) 222765 mm Projection Plots (xpm) [ 1200800 mrad
— Beam Centroid Displacement Scale

Centroid Seale (xe) 0.0000 T

Figure 29 TRACE 3-D Options Window.

Graphic Scaling Parameters

The Graphic Scales tab panel of the Options Window
provides access to the TRACE 3-D graphics scales XM,
XPM, DPP, YM, XMI, XPMI, DPMI, DWMI, XMF,
XPMF, DWMF, DPMF. These parameters set values for
the boundaries of the phase-space and profile plots in the
TRACE 3-D Graph Ellipses & Profile Window.

The XMI (mm) and XPMI (mrad) parameters are the axes
for the initial transverse phase-space plots. DPMI (deg)
and DWMI (keV) are the axes for the initial longitudinal
phase-space plots. YM (mm) is the vertical axis for the
transverse beam profiles and DPP (deg) is the maximum
phase profile. XMF (mm) and XPMF (mrad) are the axes
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Refer to subheading 9.5 from Section
9 “Input Variables” of the TRACE
3-D Documentation.

for the final transverse phase-space plots. DPMF (deg)
and DWMF (keV) are the axes for the final longitudinal
phase-space plots. XM (mm) and XPM (mrad) are the
axes for the projection phase-space plots.

The following equations are used to initially estimate
values for the TRACE 3-D graphics scales:

XMI = GraphScale1*SQRT((Betah)*(Emith)),
XPMI = GraphScale1*SQRT((Gammah)*(Emith)),
where Gammah = (1.0 + Alphah**2)/Betah.

Emith, Alphah and Betah are the current values for these
input parameters shown in the Initial Beam Piece window.
This is repeated for the vertical plane, and the larger of
the two values of XMI and XPMI are used. Similarly for
the longitudinal plane

DPMI = GraphScale3 *SQRT((Betaz)*(Emitz)),
and DWMI = GraphScale3*SQRT((Gammaz)*(Emitz)),
where Gammaz = (1.0 + Alphaz**2)/Betakjje same scaling
Is done for the final graphics scales (XMF, XPMF, DPMF
and DWMF, which set values for the boundaries of the
final phase-space plots).

The profile and projection graphics scales are set as

YM = GraphScale2*larger(XMI,XMF),
DPP = GraphScale4*larger(DPMI,DPMF),
XM = GraphScale2*larger(XMI,XMF),

and XPM = GraphScale4*larger(XPMI,XPMF).

The values used for the GraphScale factors are:

GraphScalel = 2.0
GraphScale2 = 1.2
GraphScale3 =2.0
GraphScale4 =1.2

Element Options

The Element tab panel in the TRACE 3-D Options

Window allows the user to specify the PMQ step size and
fringe field extension factor and select an option for the
use of Thin Lens chromatic aberrations.
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The PMQ Maximum Step Size (PQSMAX) parameter is
used in TRACE 3-D dynamics calculations. Other
elements use the Maximum Step Size Global Parameter
(SMAX). The Fringe Field Extension Factor (PQEXT)

is used for calculating the extension of the fringe field of
permanent-magnet quadrupole elements.

The Chromatic Aberrations option specifies whetheér further definitions and discussion
chromatic aberrations are to be taken into account in tlater to sub-headings 9.1 and 9.3
Thin Lens element. Refer to Section 9.1 and Appendi¢m Section 9 “Input Variables,”
of the TRACE 3-D Documentation for a detailedf the TRACE 3-D Documentation.
description of this option.

Profile and Aperture Options

The Profiles and Apertures tab panel of the Options
Window, provides access to the TRACE 3-D options for
generating Profile and Aperture data files and for
specifying a the Aperture Multiplication Factor.

Generate Aperture File

If the Generate Aperture Data option is selected then
aperture data will be written during the execution of the
Graph Beam Line command. Any existing “Aperture
Data” file will be overwritten. The Aperture Data file
can be opened using the View menu Aperture Data
command. The Aperture Multiplication Factor is used in
the generation of the aperture data.

Generate Profile Data

If the Generate Profile Data option is selected then profile
data will be written during the execution of the Graph o o
Beam Line command. Any existing “Profile Data” file';"rs‘iigg'rf"ir(‘)s 8""2‘; fr']icuTsRsngrzf_eE;
will be overwritten. The Profile Data file can be openeg, >~ >~ "~
using the View menu Profile Data command. The
Aperture Multiplication Factor is used in the generation

of the profile data.
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