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1. Getting Started

The PARMILA-2 Module for PBO Lab is based
upon the Open Architecture Software Integration
System (OASIS™) Module Builder. The OASIS
Module Builder is used to create Application
Modules for the Particle Beam 'Optics Laboratory This PBO Lab 3.0 User Manual
(PBO Lab™) sqﬂware. This User Manual Supplement  describes  the
Supplement describes the use of the PARMILA-2 paRMILA-2 Module. Features
Module with the PBO Lab framework. Refer to the specific to the PARMILA-2
PBO Lab User Manual (Basic Package) for general Module are discussed here. The

. . . i Basic Pack PBO Lab
information on the PBO Lab user interface. Sa'” (Basic Package) a
ser Manual provides general

information on the PBO Lab user

Overview interface.

The PARMILA-2 Module is available commercially
as a PBO Lab Module. The PARMILA 2 executable
physics program is included with the PBO Lab _ o
PARMILA-2 Module under the terms of a license FPBO Lab provides an intuitve,
. . interactive, user friendly, graphic
agreement with the Los Alamos National Laboratory. ierface customized to the needs
This Section of the User Manual Supplement of the accelerator community. A
provides an introduction to the Module. The number of Application Modules
installation of the PARMILA-2 Module is described, ave been developed for PBO
Lab. The OASIS Module Builder
a summary of the PARMILA-2 Module command  ,iends the utility of the PBO Lab
structure is presented, and the PBO Lab Pieces software by allowing researchers

supported by the PARMILA-2 Module are listed. to create their own Application
Module for PBO Lab. The

. . PARMILA-2 Module was created
Section 2 of the User Manual Supplement describes . e 0asis Module Builder.

the Commands submenu for the PARMILA-2

Module. Section 3 describes the PARMILA-2

Module Optics, Parameter and Command Pieces.

Section 4 summarizes the Auxiliary Input, List

Windows and PARMILA-2 Options available to the  The PARMILA 2 code is included

user. Section 5 presents an example of carryimg ou Wih the PBO Lab PARMILA-2
. Module under the terms of a

PARMILA-2 computations and presents SOME jicense agreement with the Los

example results. The Appendix provides copies of Alamos National  Laboratory

PARMILA-2 documentation, included as part of this (LANL)-

User Manual Supplement under the Ilicense

agreement with the Los Alamos National Laboratory.



You will need to have PBO Lab
3.0 (or later) in order to utilize the
PARMILA-2 Module. If you do
not already have PBO Lab 3.0
installed on your computer, you
will need to install it first. Follow
the installation instructions that
accompanied your PBO Lab 3.0
software. If you already have
PBO Lab 3.0 installed on your
computer, you will not need to
reinstall it.
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Installing the PARMILA-2 Module

The PARMILA-2 Module consists of two parts:

1. The OASIS Module Specification Document, and
2. The PARMILA 2 physics program.

The OASIS Module Specification Document is a file
with extension .omod and has the name OASIS-
PARMILA-2. The PARMILA 2 physics program
has several executable files with .exe extensiah an
certain other files. To install the PARMILA-2
Module these files need to be moved (or copied) to
specific locations on your computer's hard drive.

1. Move (or copy) thdiles with extension ‘bmod" to
the folder (directory) named "OModules" inside the
folder (directory) where the PBO Lab 3.0 (or later)
executable application is installed.

2. Move (or copy) thdolder "PARMILA 2" to the
folder (directory) where the PBO Lab 3.0 (or later)
executable application is installed.

Figure 1 shows the locations for these components.
Other files in the main directory are not illuséet

PBO Lab 3.0
main directory ~.
2.0mod s \\\
ﬂﬂﬂmqnGraf.omod e Sso

PAFfMlm-Flots.omod
PARMILA-T3D-File.omod

PARMILA 2

There will be many other files and
folders (directories) appearing in
the main PBO Lab directory.
These are not shown in Figure 1.

) —

OModules PBO-Lab.exe

Figure 1. Move the PARMILA 2 folder to the main
PBO Lab folder, and the OASIS-PARMILA-2.omod
file to the OModules folder, respectively.
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To access the PARMILA-2 Module you will need to

have a user license number for PBO Lab 3.0 (Or \,, wil need to have PBO Lab
later) and a CD-Keyenabled for OASIS Modules 3.0 or later in order to utilize the
The user license number and CD-Key are included in OASIS PARMILA-2  Module.
the documentation shipped with the PBO Lab (OASIS will not work properly
software or Module upgrade. The license number " PBOLab 2orearlier)

and CD-Key need to be entered into the PBO Lab | Tutorial

Registration window after installation of the PBO Hypertext Tutorial
Lab software. If you are installing PBO Lab foeth
first time, follow the instructions in the PBO Lab About

User Manual (Basic Package). If you are adding the o el

PARMILA-2 Module to an existing PBO Lab

installation, you will need to update your CD Key.

To do this, start PBO Lab in the (default) Single

Model Mode. You should see a PBO Lab Document

Window like that illustrated in Figure 2. Undereth

Tutorial menu of the Document Window select the

Register choice. A PBO Lab Registration window

will open. Enter your CD Key and other data as Tutorial Item
necessary. on Menu Bar

EH PBO-Lab - Untitled1
Fle Edit View Commands Tools | Tutona

Context Switch

: = e Shortcut Buttons
=~ =] Globals E:MM T Fioor Coordinates
Particle Charge DASIS Modules =t 1.0000 930000 & . .
) Particle Mass ! 538, 220000 . !Me\_.r ;I 05110 222e+005 & RegISter SeIeCtlon
T Beam Energy > 000000 i"‘&\’ _:J 00010 1008010 @
Drift .
| N——— [Famm000 o 3] o000 oo e Global Parameters
A : :
i Frequency [ <2=.000000 [tz = 30000 300e:002 @ (on 3 Tab Panels)
S Maximum Step Size ! 0.010000 im ;J 0.0020 10.0000
JWU ' Work Space
Sokrwid
Model Space
Palette Bar

(PBO Lab Pieces)

] { 3 Shortcut Button
[ < i Thews ] Feedback (when mouse
is over Button)

Figure 2. The Tutorial menu of the PBO Lab Model Space Piece
Document window contains a Register selection. Counter



The PBO Lab PARMILA-2
Module installation CD contains
two folders:

PARMILA OModules
PARMILA 2

The PARMILA OModules folder
on the CD contains the following
Module files:

PARMILA-2.omod
PARMILA-LinGraf.omod
PARMILA-Plots.omod
PARMILA-T3D-File.omod

Each of these OModule supports
different capabilities of the PBO
Lab PARMILA 2 application. The
corresponding libraries for the
computation engines of each of
the OModules are located in the
PARMILA 2 folder on the CD,
which contains the following files:

PARMILA.EXE
Lingraf.exe
readdst.exe
T3Din.dll

£3 PBO-Lab - Example B - Modified.pbol *
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You may wish to install certain optional items from
the PARMILA-2 installation CD. A PDF version of
this user manual is contained in the Manuals folder
on the CD. Drag this folder from the CD to the sam
directory (folder) on your hard drive where PBO Lab
is installed. Some PBO Lab files for running
example PARMILA-2 problems are contained in the
Examples folder installed in the PBO Lab main
directory. Other examples may be in a folder an th
CD, but not automatically installed.

Summary of Command Structure

A brief summary of the PARMILA-2 command

structure is presented here. Individual PARMILA-2
commands are described in more detail in the
following Sections of this Supplement. Figure 3
lllustrates a PBO Lab Document window with the
PARMILA-2 Commands submenu selected in the
PBO Lab Command Menu.

Fle Edt View Ia_mmf'mds{. Toals  Tutorial

Command submenus for

installed Application Modules™j——

are accessed from the PBO
Lab Commands Menu in the
Document Window

Commands submenu for
the PARMILA-2 Module

A 2 % TRANSPORT ) 1 Shas e
| GBS =

DECAY-TURTLE 1 Tracing/Tracking gl Fioor Coordinates
SRS Iﬂ.couuc—u 1=d 1.0000 g3.0000 @
TRACE 30 | :

WAD [ 1575000000 | [Mev ]| oSt 222008 &

.4
L5
b
13
PARMILA-2 . Wiite and Bun finput LIN' 00010 1008010
L3
»
L3

@
PARMILA-Lingraf PARMILA-Z Flot Specification 50000 so0st @
PARMILA-Plot ; 2 :
i : Viite and View Tnput LIN' _
" View put LIN' Sl Cgi b
Compuel AutoCales Runi input LIN 00020 10,0000

PARMILA-2 Command Pieces
PARMILA-Z Parameter Pieces

PARMILA-2 Optics Pieces

; PARMILA-2 PBO-Lab Pi [
oo == E i == g& == ] J
i - 1-| 3 at - - | B |- - -l -
orift | | u e e it Drift Quad Drift orift fuad
FT DRFT

5 ' List Windaws
BEAM  DRFT ar : ap-2 DRFT  DRFT an-4

-

FARMILA-2 Options

| | I

A& Pieces |

Figure 3. PBO Lab Document Window showing the
PARMILA-2 Module Commands submenu.
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The PBO Lab Document window illustrated in
Figure 3 also shows the entries on the Commands
menu for the other PARMILA Modules:
PARMILA-Lingraf
PARMILA-Plots
PARMILA-T3D-file
The Command Menu shown in Figure 3 also
includes six other installed PBO Lab Application
Modules: TRANSPORT, TURTLE, DECAY- E’gixmggﬂzfﬁeﬁu
TURTLE, MARYLIE, TRACE 3-D, and MAD. :

Manual Section:

Write and Run input.LIN'
The PARMILA-2 Commands submenu is shown in AL P i |
the side-bar with the corresponding Manual e
Sections that describe the entries in more detail. ™" ?
The command structure for the PARMILA-Lingraf, T e | 3
PARMILA-Plots and PARMILA-T3D-file Modules | PARMILAZPROUsb Fleces
are also discussed in later Manual Sections. | ‘:T; j

PARMILA-Z Optiens 4

The Command Menu in the PBO Lab Document
Window contains submenus for any installed
Application Modules. The full PARMILA
application has four separate Modules, and each of
these has as a corresponding Commands submenu.
The structure of each of these submenus is similar.

The PARMILA-2 Commands submenu is separated
into six groups. The first two groups contain
commands for generating 1/0O for the PARMILA-2
Module, and for running the computation engine.
The Main Input File for the PARMILA-2 Module is
named "input.LIN" and most of the commands
operate via that file. These commands are
described in Section 2 of this Supplement.



Viffite and Run nput. LIN'
PARMILA-2 Flot Specification

Write and View input. LIN'

Wiew iriput LIN®

Run nput LIN'
— P PARMILAZ Command Pieces
—— P PARMILA-? Parameter Pieces

— P PARMILA? Optics Pisces
— » PARMILA-2 PEO-Lab Pisces

Ardliany Input 3

List Windows 2

PARMILA-2 Options

PARMILA-2 Module Commands
submenu has four (4) Piece
creation commands.

Viffite and Run nput. LIN'
PARMILA-2 Flot Specification

Write and View input. LIN'
Wiew iriput LIN®
Run nput LIN'

PARMILA-Z Command Pieces
PARMILA-Z Parameter Pieces
PARMILA-Z Optics Pieces
FPARMILA-Z PBO-Lab Pieces
———— P Funiliany Input 3
———— P list Windows 3
—— P PARMILA-Z Options
Auxiliary Input, List Windows and
Options for the PARMILA-2
Module are also accessed from
the Commands submenu.
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The next group of commands in the PARMILA-2
Commands submenu focuses on the different types
of beamline elements (Pieces) that are supported by
the PARMILA-2 Module. The PARMILA-2 Module
utilizes each of the four Piece types listed in the
menu. These Piece creation commands are discussed
in Section 3 of this Supplement.

The next command group contains a submenu for
PARMILA-2 Auxiliary Input. There are two items

in the Auxiliary Input submenu that can be used to
add additional text directly to the PARMILA-2 Main
Input File (input.LIN). One is for "Header
Instructions” to follow the Header Section of the
Main Input File, and the other is for "Footer
Instructions" to precede the Footer Section of the
Main Input File. These are described in Sectiaf 4
this Supplement.

The PARMILA-2 List Windows are used to compile
results from different types of parameter and liaigel
searches over a beamline model. These commands
are also described in Section 4 of this Supplement.
Although these commands are not utilized direcyly b
the PARMILA-2 Module, they provide information

on parameters utilized by other PBO Lab Modules.

The final entry on the Commands submenu is used to
open the PARMILA-2 Options window. Section 4 of
this Supplement illustrates the Options window and
discusses the PARMILA-2 Options.
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Summary of Supported Pieces R

PARMILA-2 Plot Speciication

Write and View input LIN'

A summary of the Pieces supported by the PARMILA- View Toput LIV

2 Module is given here. The different types ofcei -
include (a) PBO Lab "Palette Bar” optics elemeh&g t =~ —>=auzimmee s
are supported by PARMILA-2 and by most other PBO ——-ramvitazreoLa peces
Lab Application Modules, as well as (b) custom -
Command, Parameter and Optics Pieces developed i
specifically for the PARMILA-2 Module. Figure 4 .. = . s Pieces
lists (a) all of the Palette Bar Pieces that apgpsued supported by the PARMILA-2
by the PARMILA-2 Module. These include certain Module can be accessed by
complex Pieces (e.g. DTL, CCL) unique to PARMILA. e Soreshording entries on
Section 3 of this Supplement describes (b) the submenu.

PARMILA-2 specific Pieces including Command

Pieces, Parameter Pieces and Optics Pieces thatecan

used by the PARMILA-2 Application Module. These

Pieces implement specific PARMILA-2 instructions

and are intended for use with the PARMILA-2 Module

only. (Other PBO Lab Modules ignore these Pieces.)

They are described more fully in Section 3 of this

Supplement.
N 5 N
s L]
Drift Quad Sbermid
Beam Drift Quadrupole Solenoid Bend
T 4 &
- r’ il © 1
Lens Kicker RF Gap pertare: Doublet
Thin Lens Centroid Steerer RF Gap Aperture Doublet Triplet

=3 I = =l Unigue
DTL | CCL | SC1 | SCZ PARMILA_Z
DTL ccL sc1 sc2 Pieces

Figure 4. PBO Lab Palette Bar Pieces supportetidPARMILA-2 Module.
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2. The PARMILA Command Menus

There are four Command menus associated with the
PBO Lab PARMILA Module, corresponding to the
four executable components of the Module:

PARMILA.EXE

Lingraf.exe

readdst.exe

T3Din.dll

Modu le

TRANSPORT

TURTLE

DECAY-TURTLE

MARYLIE

TRACE 30

MAD
E—= 1

—— P PARMILALingraf
—— P PARMILA-Plots
—— P PARMILATAD e

Compute All AutoCalcs

The four (4) PARMILA Module

r ow T W T W E Wow

Each of the Commands Menus associated with theseCommands  Menus are

associated with the four (4)

components have a similar appearance in the PBO Labexecutable components of the

graphic interface, but their functionality is cusiaed
to the capabilities of each executable.

PARMILA-2 Commands Menu

A summary of the PARMILA-2 Module command
structure was given in Section 1 and illustrated in
Figure 3. This Section will describe the six grewy
commands in the PARMILA-2 submenu shown in the
side-bar at the lower right, concentrating on tinst f
two ("Write" & "Run") groups. Section 3 provides
additional details on the four items of the third
("Pieces") group, while Section 4 discusses adutiio
features of the last three groups (Auxiliary InpList
Windows and PARMILA-2 Options).

The first group of commands provides a general
command to execute the PARMILA.EXE computation
engine. TheWrite and Run 'input.LIN'" item is generally
the most frequently used command. When selected, th
"Write and Run 'input.LIN' " command will write the
PARMILA-2 Main Input File (nput.LIN) for the
beamline in the Document Window and then run the
PARMILA.EXE executable with that input. During
execution, acmd.exe" window will open and provide
some feedback on the progress. Upon completion of
the run, the'cmd.exe" window will close, and another
window opens to display the PARMILA-2 results.
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PBO Lab PARMILA-2 Module.

When other PBO Lab Modules
are installed, they will also
have items on the Commands
menu. For example, the
above illustration has Modules
for TRANSPORT, TURTLE,
DECAY-TURTLE, MARYLIE,
TRACE 3-D and MAD installed.

The Compute All AutoCals
item on the Commands menu is
used to update interdependent
data in PBO Lab models after
certain types of calculations.
An example is illustrated in
connection with the PARMILA-
T3D-file Commands.

Manual Section:

Viffite and Run nput. LIN'
PARMILA-2 Flot Specification 2

Write and View input. LIN'
Wiew iriput LIN® 2
Run nput LIN'

PARMILA-2 Command Fieces
PARMILA-? Parameter Pieces 3
PARMILA2 Optics Pieces

PARMILAZ PEO-Lab Piaces

Ardliany Input 3 4
List Windows » 4
PARMILA-2 Optiens 4

The PARMILA-2 Module
Commands submenu contains
six groups of items.



The "cmd.exe" update window
provides brief feedback during
a PARMILA.exe calculation.
The current location of the
dynamics calculation is
displayed and is updated as
each step of the calculation is
completed. The window
closes upon completion of the
PARMILA.exe computations.

The example used for the
illustrations of Figures 5-6 is
contained in the PBO Lab file:

SNS DTL Tank 1.pbol
You may wish to open that
example to see the results on
your computer.

Program: G:%0ASI

Structure 1 dynal s, DIL cell 23

PBO Lab 3.0 User Manual Supplement: PARMILA-2 Modu le

Figure 5 illustrates an example of ttred.exe window
that opens following aWrite and Run ‘input.LIN' "
command. The illustration is for the example file
"SNS DTL Tank 1.pbol" that is included in the
Examples/PARMILA folder located in the PBO-Lab
main directory (the Examples folder is installedewh
PBO Lab is installed).

MILA 2\PARMILA.exe

Figure 5. A PARMILA.exe "tmd.exe") window will
open, perhaps only briefly, upon execution of the
Write and Run 'input.LIN' command.

The window illustrated in Figure 5 provides some
feedback on the progress of the PARMILA.exe
execution, and closes immediately following the
completion of the PARMILA calculations. Depending
upon the speed of your computer and the size of the
problem you are running, themd.exe" window may
open and then close very quickly. The illustration
shown in Figure 5 indicates that the PARMILA
calculations were taking place in DTL cell numbé&r 2
of Structure 1, in the exampte&NS DTL Tank 1.pbol"
when the "screen shot" was taken of tiamd.exe"
window.

14
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After the PARMILA.exe computations are complete, a

PBO Lab window will automatically open to display o

the results of the calculations, which are recorgied ¢ Farmiaout window
o . . opens following completion of

'Parmila.out’ (the PARMILA Main Output File). Figure 5 pARMILA calculation. Use

6 illustrates theParmila.out” window after running the  the scroll bar to access data

example file "SNS DTL Tank 1.pbol". lower in the file.

File Edit Font

Loz Alamo= Hational Laboratory Parmila — Ion Linac Dezign Code :3
Program Parmila written by Harunori Takeda

Thi=s program is provided as a service to the accelerator community by the Los Alamos Accelerator Code Group (LAACG) .
(o) Copyright 1985-2004, by the Regentsz of the University of California.

Thi=z =oftware is produced under U. 5. Government contract W—7405-ENG-36 by Lo= Alamo= National Laboratory. which is
operated by the University of California for the U. 5. Department of Energy. Heither the Gowvernment nor the University
nakes any warranty, express or implied. or assumes any liability or responsibility for its u=e, or represents that use
of thiz software would not infringe privately owned rights.

Tnpublished — rights reserved under Copyright Law=s of the United States.

Program Parmila 2. 35 released 7-25-2005

Parmila starting at 07-08-2008 11:30:49

Parmila input file: input.lin

Ho LANL.INI file found.

First random number (using system clock) for linac error studies = 0.850394462774602240

Lines that =tart with "LIN:" are from file input. lin:
LIN: RUHW a2

SHS DTL TAWK 1 RUN ON 07-08-08 11:30:49

%EE;M%ENgem E;EDEEDgnvaEiEEQDDEnnEE.DDDDDD 939301400 -1.000000 |
: >
Figure 6. The primary results of each PARMILA cdtion are given in the file

'Parmila.out’ displayed automatically after'a/rite and Run ‘input.LIN' " command.

4

. ) | A given PARMILA calculation
When selectedhe 'Write and Run 'input.LIN" command may utilize auxiliary input files

will write the PARMILA-2 Main Input File ipput.LIN) in addition to ‘input.LIN". For
for the beamline in the Document Window and then tlaxabmﬁle, thed"sl'\'s DTL Tatlr:]k
. . .ppo mode uses e
run_the PARMILA.EXE execu_table W|_th that INPUL. 5 erish data file "SF Data
During execution, a cmd.exe window will open_(F@ur File DTL." PARMILA will also
5) and then close when the PARMILA calculations are generate other output files in
completed. Upon completion of the run, the Main addition to 'Pafmga-out-' Thf‘?lse
Output File'Parmila.out window will open to display ~ Y2"°us MPut and oufput fes
. ) are discussed in Section 3
the primary results of the computations. where the Command Pieces
utilizing them are described.

The next item on the commands mePARMILA-2 Plot _
Specification, is used in conjunction with a particle ch?nTrﬁén dEX,f/f/‘:itt'g” an‘;f thi
distribution file that PARMILA can create. Discims INPULLIN'™  will overwrite any

of that capability appears in Section 3. existing 'input.LIN' file.

15
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The sequence of events that occurs with theté' and

AL Sy Run ‘input.LIN'™" command can be divided into separate
—_pleeain steps by utilizing the second group of commands on
—p RN . the PARMILA-2 Commands menu. The second group

s s e of commands in the Commands Menu provides

il individual commands to Write, View and Run the

. PARMILA-2 Main Input File. The Write and View
i ) 'input.LIN'" command will cause a new Main Input File
e to be written and opened for viewing. Figure 7
The second group of items on illustrates the window that is automatically opened
tmhgnupnéaRyMb';’t'sze Jcommands following this command for thenput.LIN' created for
the Main Input File ‘input.LIN'. the model in the file "SNS DTL Tank 1.pbol".

Use scroll bars to access different parts of the text
window.

File

RUH 11
TITLE
SHS DTL TANWKE 1 RUN ON 07-31-08 06:27:46
o *xx PARMITA OASTS MODULE VERSICOHW 2.2.0.3 FOR PBO LAE
: LINAC: W0, FEUNCH, IBEAM, MC™Z2,
LINAC 2.500000 402, 500000 G56.000000 939.301400
D OEREREXR END OF THE TINWPUT.LIN HEADER SECTION *xxxxxx
;o *xxx [ISER AUXILLARY HEADER INPUT WILT APPEAR HERE =
; =xxxxxx START OF THE INPUT . LIH LATTICE SECTION *xexexx
FULLWALTFOWER
POWER
STARTPHASE —45. 000000
INFUT -8 1000 2.371911 96.567733 0.001582
-1.022037 29.001170 0.0014%90
—-0.028191 57 577889 0.001764
0.0o00 -0.000 -0.000 -0.000 -O.000 -0.000
cxExxxxxxxxxxxxxxxxxxxxx START OF HNEW STRUCTURE — PBO LAE PARMILA-

Edit Faort

MODTLE 33%33€x3x3€

: STRUCTURE ID, NLAST., FO. FSF. DELTAPHI

STRUCTUEREE 3 60 402 500000 402 500000 0.0

TITLE

SHS_DTL_TANK

;: DLT: HWTANK . HC. PHIS. EQ{MEV-HM], CTILT, ECQ-MAX, DZ, FHI.

DTL 1 -—£0 —45 .000000 1.130000 0.004070 3. 800000 0.oo0oao oooon 3.0
5 & 11 -0.000000 1.250000 -0.-000000 -0 0o.-oooooo 001 2 1]

; Z2HD ROW:  TAT, QSTART, QENDS, DZE EB1,RE:Z HHER, PMAX, -0- HEL RAMFT, DELH
CHANCGE 14 2490000 3700.000000 101.100000 3700.000000
CHANGE 16 3700.000000 1.000000

SFDATA
; SHNS LINAC, 402.5 MHZ, BORE = 1.25, DTL
BETA T TF =] =1 G-BL Z

| 0.070000 0.563010 0.099403 0.572469 0.022447 0.170421 49 8612
0.072500 -0.581612 -0.-096563 0.566283 0.025463 -0.167Y853 50.4299

1| | <y

Figure 7. The Main Input File for the beamlinetbe Model Space is displayed
automatically after thewrite and View 'input.LIN' " command is selected.
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The 'View 'input.LIN'" command is used to open the
existing Main Input Fileinput.LIN'. A window like that

illustrated in Figure 7 opens when this command is

executed. The existinginput.LIN' file is not

overwritten; it is simply opened for viewing.

The 'Run 'input.LIN'" command is used to call the
PARMILA-2 executable for the existing Main Input
File 'input.LIN'. The existing'input.LIN' file is not
overwritten when the Run 'input.LIN'" command is
executed. The existingnput.LIN' is run using the
PARMILA.exe program. The cind.exe" window
(Figure 5) will open and close (perhaps quickly)da
then the Main Output Fil&earmila.out' (Figure 6) will
open to display the results of the run.

PARMILA-2 Module 1/0O

Whenever the PARMILA-2 executable is run there
may be additional output files generated. Whidésfi

are generated will depend upon the PARMILA-2
Command and/or Parameter Pieces used
beamline model. Those Pieces are discussed iloBect

3. Some of the files that PARMILA-2 generates are

used by other parts of the PBO Lab PARMILA-2
Module: PARMILA-LinGraf, PARMILA-Plots or
PARMILA-T3D-file. The next few pages describe the
use of those. Table 1 summarizes the variousilé® f
that may be generated by a PARMILA-2 execution.

The PARMILA-2 Main Input
File 'input.LIN' is divided into
three primary sections:

Header Section

Lattice Section

Footer Section

The Header Section for
'input.LIN' is comprised of the
first eight (8) lines of the
example illustrated in Figure 7.
PBO-Lab Global Parameters
are included in the Header, as
well as other required
PARMILA inputs at the top of
the file.  Several comment
lines, which start with a
semicolon (;) are also
incorporated to assist in
interpreting the file.

The Lattice Section begins
with line nine (9) of the
example illustrated in Figure 7.

in theThe Lattice Section contains

most of the detailed input for
PARMILA, and is defined by
the PARMILA-2 Pieces on the
Model Space of the PBO Lab

Document Window. Those
Pieces are discussed in
Section 3.

Table 1. Summary of main I/O files used by the ABD PARMILA 2 Modules.

File Name Description Written By Used By
input.LIN PARMILA Main Input File PBO-Lab PARMILA-2 Module Parmila.exe
Parmila.out PARMILA Main Output File Parmila.exe PBO-Lab View Menu
parmila.plt LinGraf binary data file Parmila.exe Lingraf.exe
ingraf.Igf LinGraf Main Input File PBO-Lab PARMILA-LinGraf Module Lingraf.exe
Lgrafout.txt LinGraf Main Output File Lingraf.exe PBO-Lab View Menu
part_dtl.dst distribution binary data file Parmila.exe readdst.exe
part_dtl.txt distribution text data file readdst.exe PBO-Lab PARMILA-2 Plots
Tr3Din.t3d lattice description file Parmila.exe PBO-Lab PARMILA-T3D-file
Tr3Din.pbop PBO-Lab object model file PBO-Lab PARMILA-T3D-file PBO-Lab Edit Menu
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— pViiite and Run inareflaf

PARMILA -Lingraf Plot Specification
———— > Wit and View inaraf lf’
—— P> View Ingrafigf
———Pp-Run ingraf g’
——— P> PARMILA-Lingraf Command Pisces.

PARMILA-Lingraf Parameter Pieces
PARMILA-Lingraf Optics Pieces
PARMILA-Lingraf PEO-Lab Pieces

Aupdliary Input 2

List Windows ¥

PARMILA-Lingraf Options

PARMILA-Lingraf only uses
those command items
identified above with a blue
arrow (——» ). The other
command entries are not used
by PARMILA-Lingraf.

A step-by-step example is
used here to illustrate how to
set up and use the PARMILA-
Lingraf Module to create a
graphics display for a simple
drift tube linac (DTL) example.
Additional  PARMILA-Lingraf
capabilities are described in
Section 4.

PBO Lab 3.0 User Manual Supplement: PARMILA-2 Modu le

PARMILA-Lingraf Commands Menu

The layout of the PARMILA-Lingraf commands menu
Is similar to that of the PARMILA-2 commands menu
except that several of the items are not curramndd.
The illustration in the sidebar to the left indiesitthe
command entries that are used by the PARMILA-
Lingraf module.

The 'Write and Run ‘ingraf.lgf'" command functions is
used in a manner similar to that of th&rite and Run
input.LIN' " command for the PARMILA.EXE
executable. That is, whemtite and Run 'ingraf.lgf'" IS
selected the Main Input Filéngraf.lgf') for Lingraf.exe

Is written, Lingraf.exe is called to run that ingie,
and then a window opens to illustrate the results.
There are two principal differences:

* The output from a Lingraf.exe run can bgraphics
display, a text file (Lgrafout.txt'), or both and

* Only PARMILA-Lingraf Command Pieces are used
to prepare the Main Input Filegraf.igf'.

An example will illustrate how to use the PARMILA-
Lingraf part of the PBO Lab PARMILA 2 Module.
The example will use the PBO Lab file "SNS DTL
Tank 1.pbol" included in the /Examples/Parmilatési
(directory) created when PBO-Lab 3.0 is installdal C

Step 1 is to open the "SNS DTL Tank 1.pbol" file in
PBO Lab and execute the PARMILA-®fite and Run
input.LIN™ command. This step writes the necessary
binary data file garmila.plt) needed by Lingraf. Step 2
IS to select the PARMILA-Lingraf Command Pieces"
item from the PARMILA-Lingraf commands submenu.
This procedure is illustrated in Figure 8, and lssin

the opening of the PARMILA-Lingraf Command
Pieces window illustrated in Figure 9.
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EE PBO-Lab - SNS DTL Tank 1.pbol
File Edt View | Commands Tools Tutorial

o TRANSPORT » Sl ; Sy
PARMILAZ |3 el e 2 e
= quRTE ; __n_.l_i__i st _J
A pecayTURTLE o | ] Tracing/Tracking | Ay e
MARYLIE » ]_1.000000 1e] 10000 930000 @
TRACE 3D » : o
Al MAD » [[238301200 | uiev =l 0EH0 2224005 @
PARMILA-2 P = cannon i Teicas = | 0.0010 1.00e010 &
Drigt PARMILA-Lingraf [} Wiite: and Run ingraf Iaf’
— PARMILA-Plots ¥ PARMILA-Lingraf Plot Specfication (00000 0.0067 &
: PARMILA-T3Dile » =
;&&z Virite: and View ingraf Igf 3.0000 3.00s+004 &
a8 Compute Al AutoCales View Tngraf laf' 0.0020  10.0000
Run ‘ingref Igf’

PARMILA-Lingraf Command Pieces
PARMILA-Lingraf Parameter Pieces
= PARMILA-Lingraf Optics Pieces

| PARMILALingraf PBO Lab Pieces

Avpdliary Input

-

List Vindows

-

DTL=fd C-14

PARMILA-Lingraf Options

Lo 4 |

LINOUT  ELimit

| Faste Clipboard Fieces on the Work Space—————

'|13V.eoes

le

Selecting the "PARMILA-
Lingraf Command Pieces"
item will open a window
listing the available Lingraf
Command Pieces. That
window is illustrated in
Figure 9.

When a Lingraf Command

Piece is selected (from
Figure 9 list) the new
Command Piece  will

appear in the lower left
region of the Work Space.

Figure 8. PBO Lab Document Window for the example

file "SNS DTL Tank 1.pbol" showing the selection of

the '"PARMILA-Lingraf Command Pieces" item from the
PARMILA-Lingraf commands submenu.

E2 pARMILA Lingraf Command Pieces

— Select PARMILA-Lingraf Piece to Create on the WorkSpace ©

Lingraf Graphics Request
Lingraf RMS Phase Ellipse Data (no grapmest

Lingraf Beam % Within Specified Emittance (no graphissd
Lingraf Phase Advance Calculation (no graphics)

Figure 9. The PARMILA-Lingraf Command Pieces

\

window lists all of the Command Pieces used by the
PARMILA-Lingraf module to write the filéingraf.lgf'.

One PARMILA-Lingraf Command Piece is used for

requesting graphics output from Lingraf; the others
produce text output to a file namegdrafout.txt'.
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When a Lingrafr Command
Piece is selected, and the
Create Piece button pushed,
the new Piece will appear in
the lower left region of the
Work Space.

Select a Lingraf Command
Piece to activate the Create
Piece button.

Available Lingraf Command
Pieces cover all of the
PARMILA-2 Lingraf capabilities
including non-graphic (text)
output to the file 'Lgrafout.txt'".

Lingraf also supports other
programs such as PARMTEQ.
Only PARMILA-2 applicable
Lingraf commands are in the
PARMILA-Lingraf Command
Pieces window (Figure 9).



The step-by-step example
described here is for the initial
creation of a Lingraf graphics
display. Once a PARMILA-
Lingraf Command Piece is
setup, it may be saved with the
PBO-Lab Document (.pbol file)
for future use.

Newly Created Pieces Appear
in the Lower Right of the Work

Space, Partially Under the
Global Parameter Pane

F% PBO-Lab - SNS DTL Tank 1.pbol ~
File Edit View Commarids’ Tgef§

Tutoral

Hide/Show the Global
Parameters Button

PBO Lab 3.0 User Manual Supplement: PARMILA-2 Modu le

Step 3 in initially setting up a Lingraf run invels
selecting a Lingraf Command Piece from the list tha
appears in the PARMILA-Lingraf Command Pieces
window (Figure 9). For illustrating a graphics ey,
select the Piece namedngraf Graphics Request.” The
"Create Piece" button appearing in the right side of the
window (Figure 9) will become active. Push (mouse
click on) the Create Piece" button. A new Piece will
appear on the Work Space of the Document window.
The location of the newly created Piece is illustman
Figure 10.

Drag or Move (Shift-Drag) the
Newly Created Piece to the
Beamline on the Model Space

sz =1 I K D] i <l 81 41

Globals. 1 Tracing/Tracking | Floor Coordinates
B F Particle Charge iW: 121 70000 930000 &
) Particle Mass 53930400 . !Me‘.-’ _LI 05110 2:22e+005 &
: ‘Beam Energy 2 500000 ime\.r _vJ 0.0010 1.00e+010 <&
h Beam Current Iw_gggngg ..:I.m,-:\mp j 0.0000 0.0067 &
gz Frequency I 02500000 | i_r.mz = 30000 3005004 @
S Step Bize 0010000 B 7| om0 100000

EERas
iﬁéﬂ sormn | | pehno | | ackMD

A [ earam | | paRam |
‘Piae

4

POWER StPhase =nz beal SNSDTL Tank 1 c-14

~ | erram |~ i | ™| comm |~ eaean ]~ | conm | | conm | | comm

iece iece Piace. it Piece Piece Piecs

C-16 DTL=fd C-14 C-186 LINOUT ELimt SCHEFF PrtBeam lingraf
*

|

| : |14.P\|ece§ |

Figure 10. A newly created Piece will appear i libwer left part of the Work
Space of a PBO Lab Document window, below (andigdbrtcovered by) the
Global Parameter Pane. For convenience, the Gldtidé/show toggle button
may be used to hide (and later, show) the GlobadrReter Pane.

Figure 10 also illustrates Step 4. Drag the nesc®io

the Model Space. The location in the beamlinehef t
"Lingraf Graphics Request" Piece is not important; the
PBO Lab PARMILA-Lingraf Module will correctly
assign the necessary data when preparing the Kfingra
Main Input File'ingraf.Igf'.
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Step 5 is to open the Piece window for théngraf A PARMILA-Lingraf Command
Graphics Request” Piece. Double-click the Lingraf Piece may be copied and

) I . . . pasted to another PBO Lab
Graphics Request” Piece that IS Ioc:_;lted in the beamline Document, and graphically
on the Model Space. Figure 11 illustrates thiegtaf manipulated like any other
Graphics Request" Piece window. PBO Lab Piece.

% Tabs Setup Different Graphics
Data Specifications

Phase Space ¥ Profies <+ Profile OFTCON
Parameters Value Units ‘Guidance Limits Set the 'Phase SpaCE' SetUp
5| Phase Space (1=Yes, u=~u)[‘n‘<—' % . Parameter to 1 (Yes) to Create
5 XP & VP Maximum Values I1g_gggggg = 0.1000  100:0000 a DispIay of Phase EIIipses
Eé)(&Y'Maximun‘lVajues I 1.000000 “m\_ﬂmnm\_: ) .
s/ Eneroy Spreasaxmum  [Tooo000  fleev ~——e-e10—st0om0 >— Scale Settings for Displays

=l Phase Spread [Table V-2) l 20.000000 1800000 1E0.0000
5| Select Emittance Contour ign_cgggcg i ]'1, PETEETT :_i HrO000 IS Emittance Contour % SpeC

:?;i.h'laxium Cell Number lm_' % . -
scasep ezt [T - = +— Phase Ellipses Displayed
E‘n‘mmmh;: \ Through ThIS Ce”

lingraf »
I | Phase Ellipses Displayed
For Each Cell Step

Figure 11. The Llingraf Graphics Request" Piece
window used for setting up Lingraf graphics data.

Step 6 is to enter a "1" into the&dlue" field for the

"Phase Space (1=Yes, 0=No)" parameter. As the

parameter name indicates, the value "1" corresptinds

saying "Yes" create the phase space displays. TheThe parameter "Phase Spread
other data may be edited as desired. For the dRamp (rapie v-2)" shown in Figure
to be run here, no other parameter value modiGoati 11 controls the specific layout

are necessary. of the Lingraf graphics window.
Negative and zero Value

. . . entries result in different phase
Step 7 is the last step: Select tharite and Run olane displays. Details are

ingraf.Igf" " item on the PARMILA-Lingraf Command described further in Section 4.
Menu. A 'tcmd.exe" window (similar to that shown in

Figure 5) will open and close, and then a Lingraf

graphics window will open. For the "SNS DTL Tank

1.pbol" example illustrated here, the Lingraf graph

window should be similar to that shown in Figure 12
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Lingraf Menu Bar —————— Eq St HadCopy Diver Options Nex Previous Skip Movie View Line Width
SNY DTL TANE
. 164 1.000
Cross Section (Yvs X) —— ™| i
\
o o
Longitudinal Phase Spread 2 i Q—
>
gz ’J L‘ 0.
41 -.500
(| Phase S_nec:rum,—r L‘ -1.000 Ly gs ¥
Structure & Cell Number -80.0 -40.0 0. 0.7 g0.0  -1.000  -.500 _ 4, .500 1,000
1.000 strocture 1, DTL call 1 Bl L = 5.4335632 ngood= 1000
; —— 7
Energy & Particle Count ——— |
.500 .500
Longitudinal Emittance Plot > 5 "
I
—
—
=500 ———= -.500
I
Energy Spectrum
-1.000 | B-Es va, Bpi-Phis ~1,000 | Brergy Spectrum
-30.0 -40.0 0. 40.1 B0.0 131 282 383 524
Es = 2,525 Phs = —45.000
| [

Figure 12. The Lingraf graphics window following
selection of the commanadVtite and Run ‘ingraf.lgf' .

The 'LgrafOut.text' file may, or
may not, have data in it
depending upon the specific
parameter values set in the
Lingraf  Graphics Request
Command Piece. The example
shown in Figure 13 is for the
parameters illustrated in Figure
11, using the "SNS DTL Tank
1.pbol" example.

Additional information on the Lingraf graphics
window is provided in Section 4 of this user manual
When the Lingraf graphics window is closed, a
window opens that displays the LgrafOut.txt file.
Figure 13 illustrates an example of the LgrafOut.tx
window for the "SNS DTL Tank 1.pbol" example.

Lingraf offers several options for graphics disjgland
the text output of calculated results. All of teasse
the binary data fileparmila.plt. The 'parmila.plt' file is
written to the PBO Lab main directory whenever a
PARMILA-2 command is executed with an appropriate
"PrtBeam" (print beam) PARMILA-2 Command Piece
included in the beamline on the Model Space.
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B8 LorafOut 1t * (o]

Fite Edt Fort

Program Lingraf ﬂ

{c) Copyright 1985-2005, by the Regents of the University of California.

This =of tware was produced under U. 5. Government contract W-7405-EHNG-3&

by Los Alamos National Laboratory. which is operated by the University

of California for the U, 5. Department of Energy. Heither the Government

nor the University makes any warranty. express or implied. or assunes

any liability or respon=ibility for its use., or represents that use of

this =zof tware would not infringe privately owned rights.

Unpublished — rights reserved under Copyright Laws of the United States.

Program Lingraf 3. .02 relea=zed 7-26-2005

Ho LANL . INI file found.

Input file: C:~0ASISwingraf. lgf 8-13-2008 15:12:04

Plot file: C:~0ASIS“Parmila.plt g8-12-2008 8:16:50

SHS_DTL_TANK

LGF: ; =%+ LINGRAF INPUT FILE FOR SHS DTL TAWNK 1 STARTING WITH 1000 PARTICLES. ===

LGF: ; =%=x CEEATED WITH PBO-LAB PARMILA-LIHGRAF *XHE

LGF: ; ==+ YERSION NUMBER 0.9.1.8 ON 08-13-08 15:12:02. ===

LGF: SUBHUM 7

LGF: QUTPUT 2 1 1.000000E+000 1.000000E+001 &8.000000E+001 1.000000E+000 1 100 1

LGF: COPTCON 9.000000E+001

LGF: BEGIN

LGF: SUBHUM 9

LGF: ;OUTPUT 2 1 0 1 1 ann

LGF: ;OPTCON 300 3 1.000000E+000 2 1.000000E+000 2 9.000000E+001 1

LGF: ;BEGIN

subnumn 7 Tnnormalized longitudinal emittance

QUTPUT 2 line paramnsters:

Blsiadam

P2 = 10.0

P3 = 80.0

P4 = 1.0

The column headings are:

plot plot number corresponding to this line

ngood nunber of good particles remaining

ZTNS rns unnormalized longitudinal emittance (deg MeV)

=90 unnormalized emittance containing 90% of the beam (deg MeWV)

=100 unnormalized emittance containing 100% of the beam (deg HeV)

dPhi_aw: phase centroid of the distribution (degrees)

dil_aw energy centroid of the distribution (keV)

alphaz ellipse alpha in the Z phase plane (dimensionless)

betaz ellipse beta in the Z pha=e plane (deg-keV)

Vi longitudinal position at the end of the cell {cm)

W average beam energy at the end of the cell (HeV)

cell plot ngood ZrmE z9 =100 dPhi_awv dW_av alphaz betaz Z W

1 1 1000 0.1175 0.4919 0.6678 0.0012 -0.052 0.014 0.753 5.4328 2.58253
2 2 1000 0.1186 0.4%65 0.7385 0.0064 -0.118 0.042 0.742 10.8927 2.58515
] ] 1000 o.1201 0.4959 0.8244 0.0153 -0.158 0.069 0.733 16.3821 2.5784
4 4 1000 0.1213 0.5031 0.8796 0.0280 -0.237 0.080 0.728 21.9031 2.6063 -1

7] .!’r—

Figure 13. PARMILA-Lingraf window, that displaysdahLgrafOut.txt ' data
file contents, upon completion of'@&rite and Run 'ingraf.lgf' * command.

The three commandsViite and View 'ingraf.lgf'," "View
input.LIN'," and 'Run 'input.LIN' " are used to work with
PARMILA-Lingraf Main Input File (ingraf.lgf')
directly. These commands may be helpful if thera i
desire to edit théngraf.lgf' file directly, or to examine
the details of that file prior to running the Liadiexe

executable. For the "SNS DTL Tank 1.pbol" example,

with the 'Lingraf Graphics Request" Piece added, and
using the parameter values of Figure 11, thété and
View ‘ingraf.lgf'" will open the'ingraf.lgf* file window
shown in Figure 14.
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Wirite and Run ingraf lgf’
PARMILA Lingraf Plot Specfication

——— P> Wiite and View ‘ngraf lgf'
——PView Ingrafigf’
—}Run Tnglaf lgf*

PARMILA-Lingraf Comrnand Pieces
PARMILA-Lingraf Parameter Pieces
PARMILA Lingraf Optics Pisces

PARMILA-Lingraf PBO-Lab Pieces

Aupdliary Input 2

v

List Windows

PARMILA-Lingraf Options

The ‘'ingraf.lgf' file maybe
examined or edited directly
using the 2" command group.
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i ingraf lof [ (O]
Fite Edit Font
o »xx TTHGRAF IHNPUT FILE FOE SHS DTL TANK 1 STARTING WITH 1000 PARTICLES. **%* i!

COEEN

: wxx VERSION NUMEER 0.9.1.8 ON 08-/14/08 10:55:26. w*xx

SUBNUH
OUTPUT
OPTCON
BEGIN

; SUENTH
S OUTEUT
S OPTCON
;BEGIN
END

CREATED WITH PBO-LAB PARMILA-LINGRAF *x%

7
2 1 1.000000E+000 1.000000E+001 &.000000E+001 1.000000E+000 1 100 1
9.000000E+001

9
e ke H ) 3 5 1 aoo
300 3 1.000000E+000 2 1.000000E+000 2 9. 000000E+001 1

1]

| P

—— P> ilite and Run input temp’
—— P> PARMILA Plots Plot Specification

Wirite and View input temp’
View input temp”
Run input femp”

PABRMILA-Plots Command Pieces
PARMILA-Plots Parameter Fieces
PARMILA-Plots Optics Pieces
PARMILA-Plots PBO-Lab Pieces
Auodliany Input ¥

List Windows 3

PARMILA-Plots Options.

PARMILA-Plots utilizes the
command items identified with
blue arrows (—). The other
command entries are not used
by PARMILA-Plots.

Figure 14. The'ingraf.lgf' file window that opens
following the commandWrite and View ‘ingraf.Igf' .

This completes the introductory discussion of the
PARMILA-Lingraf Commands Menu. The PBO Lab
file "SNS DTL Tank 1.pbol" was utilized to illustea
an example of the use of Lingraf. Further capidi

of the PARMILA-Lingraf Module are described in
Section 4. The remainder of Section 3 summarizes t
Command Menus for the PARMILA-Plots and
PARMILA-T3D-file parts of the PBO Lab PARMILA

2 Module.

PARMILA-Plots Commands Menu

The layout of the PARMILA-Plots commands menu is
similar to that of the PARMILA-2 and PARMILA-
Lingraf command menus. However, only two of the
command items are used. The illustration in the
sidebar to the left indicates the command enttes t
are used by the PARMILA-Plots module.

The PARMILA-Plots command aWfrite and Run
input.temp' " IS used to create a text file version of the
particle distribution binary data written by PARML

2 to the file 'part_dtl.dst. When the command is
selected, the executableredddst.exe" opens a
Windows file selection dialog. An example is
illustrated in Figure 15. Select the file named
‘part_dtl.dst' and then use to Open button to have that
file read by Yeaddst.exe" executable.
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EE

Select file name

Lookin: | (=) OASIS _v_j = E cf B

| |5532.2.0b3 update [CHOASIS-PARMILA Modules - old
2322 0b4 update {(Z30ASIS-PSI-TRANSPORT Modules
(0522065 update IC0ASIS-PSI-TURTLE Modules
732.2.0b8 update L 0Modules
[CZ) AES DIMAD C30Modules Unused
5) Examples I3 PARMILA-2 OModules
I-5) License CIPARMILA 2
L5 LLUMC PARMILA work Ic2) Transport 1x DLLs
53 Manual {5 Turtle 1x DLLs
=) Marlyie 1x DLLs I£3) Tutorial
Sl [E0A515 0.7 {57 Example_2.1
[C2)0ASIS 0.7.5 For LLUMC 10.25.06 {5 HVEE System Models
\LZ) OASIS D.9.0 For USPAS 06.07.07 |52 HVEE System Models (2)
. [CT)0ASIS old exscutables {500 Map-to-Matrix
| [C0ASI5-DIMAD Modules Elpart ol dst
<i [ \
File name: |part_dt|.dst _j Open ﬂ->
Files of type: |Particle distribution files (.dst) =l Cancel /l
7

Figure 15. A Windows file selection dialog opens
following the selection of the PARMILA-Plots
command Write and Run 'input.temp' . Select the
file named 'part_dtl.dst and push the Open"
button.

Once the Open" button (Figure 15) has been selected,
the executableréaddst.exe” will read the binary data
in the file, and then write a text version of trealto a
file namedpart_dtl.TXT'. A window will automatically
open to display thepart dtl.TXT' file following the
completion of the data conversion. Figure 16
illustrates the window for the data generated Wi
PBO Lab example file "SNS DTL Tank 1.pbol".

Three representative PBO Lab Plot Windows will also
open following the completion of thereaddst.exe"
execution. The three Plot Windows are scattersplot
for the X-X', Y-Y' and Energy-Phase phase space
planes. Figure 17 illustrates the transverse pbpaee
(X-X', Y-Y") plots for the PBO Lab example file "SN
DTL Tank 1.pbol". Figure 18 shows the longitudinal
phase space (Energy-Phase) plot for the same egampl
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The folder items appearing in
the Windows file open dialog
(Figure 15) will depend upon
the details of your PBO-Lab
installation. The file named
'part_dtl.dst' should be among
the items displayed. Only files
ending with the extension ".dst'
can be opened and read by
the "readdst.exe" executable.

Select the binary data file
named ‘part_dtl.dst' to active
the "Open" button. Then
select the "Open" button to
convert the binary data in the
file 'part _dtl.dst' to a text file
(‘part_dtl. TXT".
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% part_ail_TXT Pi=] B
Fite  Edit Fort
Parmila data from "SHS DTL TANK" run at time 08-14-2008 10:55:18 E!
Structure number = 1
icell or element number = 60
Dezign particle energy = 7.522951 HeW
Humber of particles = 1000
Beamn current = Se. 00000 {frequency scaled eguivalent for every rf bucket filled)
EF Fregquency = 402 5000 HH=
Bunch Freg = 402 .5000 HH=z
Chopper fraction = 1. 000000
The input file particle coordinates were written in double precision.
=icm) =pr{=d=z-ds) vicm vpr{=dy-ds) phif{radian) WiHeV)
-4 .9783137633E-02 -5.7600422630E-04 2.4066908587E-02 -6 4675577460E-04 -0 . 3854654907 7.551512382
—0.2076864016 2.9177450476E-03 —0.1365904166 —7.0530292332E-04 -0.5014695361 7.548335310
0.1104745638 —3.2347073059E-03 -2 7957538549E-02 2.1521181666E-03 -0 .5775425788 7.523983123
0.2330778159 —3.4304190094E-03 0.1349657794 5.9602373948E-03 —-0.5329085703 7.514297972
-2 .6785819456E-03 3.0660861945E-04 2. 9145322689E-02 3. 3877158885E-03 -0.4166692155 7.534137624
0.1381332443 -1.1278899373E-03 —-0.1240963437 —2.5597460438E-03 -0.4865487712 7.517184045
—0.2829587551 3.6155078294E-03 —0.1696113124 —2.0519489228E-03 —0.5413758143 7.514361226
0.2013362239 -1.1219197417E-03 0.1178657639 3.6876088527E-03 —0.4449007151 7.544767112
—9.3680243139E-02 2 .9437432975E-03 7.3702796552E-02 2 .9656828682E-03 -0 .5448809900 7.512875277
2.6142640717E-02 -1.3027234344E-03 -7 .0234697355E-02 -3 .2390934548E-04 -0.3011195672 7.504547231
—1.1819995154E-02 5. 6732966108E-04 —4 .4836531122E-02 1 .7479571101E-05 -0.3101581911% 7.550986892
7.3135093063E-02 —6.0229784993E-04 —0.1435794154 —3.1870447393E-03 -0.3672335722 7.540335970
—0.1780353636 3.1746941113E-03 -5.9999437218E-02 -3 . 7506836347E-03 -0.4111551424 7.564800921
0.1141157061 —1.8800610343E-03 —0.2103135582 —6.2335717305E-03 -0.4272305530 7.518570595
—1.3542309095E-02 -2 2000243204E-03 4. 2564758254E-04 1.93019004588E-04 -0 .43209798418 7.536741590
0.1610696229 —3.0994661390E-03 3.7827544294E-02 -2 4017338557E-03 —0.3255667376 7.534899551
—0.2100333802 4.3237083062E-03 —1.7155318848E-02 -2 .4786259884E-03 -0.5310620117 7.527313270
0.1018172614 2.2775637978E-04 0.1068417472 -1.6540128478E-03 -0 .4836503023 7

4]

.539740513 | &
| 0|

Figure 16. The window displaying thpart_dt.TXT' file that opens following the
conversion of thépart_dtl.dst' file by the'part_dtl.dst' program. The data in this file is
used by the PARMILA-Plots module for various gragshilisplays.

Print] Copy

EE Final XP vs X Scaiter Plot

T T T
i .
! ; ! — Shift-Click for Position——
- x
0.0046 = ¥
0.005t | * Pen Width iz v]
LEGEND &
0.0003 F
1000 pi=
757005 YPys Y
-0.0041
-0.0053 |
1 1 1 L
~0.3865 00773 0.2318
P (rad) vs. X (om) ' L L b

Figure 17. Default transverse phase space plotsagiesd following completion of the

0107
P (rad) vs. ¥ (cm)

PARMILA-Plots commandWrite and Run 'input.temp'".
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EH Final E vs Phi Scater Plot E=
Printi c.apyj S Byenosyl oo Gl Set Soak] ‘

75553 -

T.5180

i

[ Shift-Click for Posttion——
b

¥

K Pen Width !2 v]

LEGEND =
1000 pts
7 Energy vs. Phi

~15823 -r4528

-0.2432

Energy (MeV)vs. Philrad)

Figure 18. Default longitudinal phase space plat th
displayed following completion of the PARMILA-
Plots commandWrite and Run ‘input.temp'".

Figures 17 and 18 illustrate the thidefault PBO Lab
Plot Windows that open following the completion of

the 'readdst.exe" execution.

options are available as part of the PARMILA-Plots
and PARMILA-2 Modules. These other plot options
the'PARMILA-Plots

are accessed
Specification”

using

command or
Specification” command. Figure 19 illustrates the list of
Plot Specifications that are available for

Many othebuilt-in plot

Plot
the "PARMILA-2 Plot

commands. Both th®ARMILA-Plots Plot Specification"

and the "PARMILA-2 Plot Specification” commands

provide similar selections.

Figure 20 shows the
selection of these two commands, both of which tead

a Plot Specifications list similar to the list shown

Figure 19.
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The examples shown in
Figures 17 and 18 have used
the Pen Width selector to
increase the point size of the
data displayed. All  other
settings are default values,
which include the PBO Lab
Plot Window automatic scale
settings to assure that all data
will appear in the Figures.

The Plot Windows that open
following the execution of the
PARMILA-Plots command
"Write and Run 'input.temp’ ",
or with any Plot Window
opened through a "PARMILA-
Plots Plot Specification" or a
"PARMILA-2 Plot Specification"
command, support all of the
interactive capabilities of the
PBO Lab Plot Windows. The
scales may be changed (Set
Scale button), the point size
adjusted (Pen Width selector),

the display printed (Print
button) or copied (Copy
button) for use in another

document, etc. See the PBO
Lab Basic Package User
Manual for more information.



Histogram
Select a plot option to activate / Sl

the "Plot Selection" button.

Use the "Plot Selection" button
to display the selected plot
option.

— |
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EH PARMILA-2 Plot Options
Tyoe | Description [ Oatarietiore | open | 4]
Scatter Final Energy vs Phase part dil THT Manual :
Final Beam phase Profile | partdttxT | Manual
Final Beam xp Profile part_ diiTXT Manual
Histogram’ Final Beam 'y Profile’ I part_dtlTXT | Manual
Histogram Final Beam yp Profile part g TXT Manual
Seatter Final Beam y' vy | part ditTXT | Manual

\ HQI:_:SeIetibn

Figure 19. Plot Options available for the PARMILA-
Plots (or PARMILA-2) Module using the command
"PARMILA-Plots Plot Specification" (0Or "PARMILA-2 Plot
Specification").

PARMILA2 [§| Vite and Fun PARMILA-Plots Vilite and Run Tnput temp’

PARMILA-Lingraf [l PARMILAZ Plot Speciication PAR Plot Specification

‘PARMILA-Plots »

PARMILATaDSe  » Ve and View fnpct LIN W nput temp’

Compute All AutoCales: Fun nput LIN' put femp

- A Gonmir

P_\’:\RMJM'Z-PM@P Pieces PARMILAPlots Parameter Pieces
PARMILA-2 Cptics Pieces PARMILA-Plots Optics Pisces
PARMILA-2 PBO-Loh Pisces PARMILA-Plots PEO-Lab Pisces
Ausdlary Input. » Acodiary Input b
List Windows > List Windaws: b
PARMILA-2 Options PARMILA-Plots Options

Figure 20. Severdluilt-in plot options are available as part of both
the PARMILA-Plots Module and the PARMILA-2 Module.

Plot Specification commands
of both the PARMILA-2 and
PARMLIA-Plots  utilize  the
same 'part_dt.TXT' data file.
The "readdst.exe" executable
needs to be run (Write and
Run 'input.temp’) whenever a
new binary distribution file
(‘part_dtl.dst") has been
created by PARMILA-2.

Figure 20 illustrates the virtual equivalence of
accessing the Plot Specifications from either the
PARMILA-2 or PARMILA-Plots command menus.
However, it needs to be remembered that the
PARMILA-Plots command Write and Run 'input.temp’

" must be selected at least one tiafeer executing a
PARMILA -2 "Write and Run ‘input.LIN' " command.
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An example of a built-in Plot Option is shown in
Figure 21. The illustration is the histogram plot
displayed using the "Final Beam energy Profile"
PARMILA-2 Plot Option (see Figure 19) for the PBO
Lab example file "SNS DTL Tank 1.pbol".

[~ Shift-Click for Posttion——
*

¥

Pen Width 11 V! .

LEGEND =
1000 ptz
Energy

218000

14:4000

72000

T.4828 T.5150 75553
Energy (V)

Figure 21. Example of an additional built-in plot
display available in the PBGabPARMILA-2 Module.

In addition to thébuilt-in plot options available as part
of the PARMILA-Plots and PARMILA-2 Modules,
users may createustomizedPlot Windows using the
PBO Lab 3.0 Tools menu. The use of these tools is
described in the PBO Lab Basic Package User Manual.
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The built-in PARMILA-2 Plot
Options have displays that
support all of the interactive
capabilities of the PBO Lab
Plot Windows. The scales
may be changed (Set Scale
button), the point size adjusted
(Pen Width selector), the
display printed (Print button) or
copied (Copy button) for use in
another document, etc. See
the PBO Lab Basic Package
User Manual for more
information.



—— P \iite and Bun TraDin_cenvert’
PARMILA-T3DHile Plot Specification

Write and View Tralin_convert'
View Tr3Din_convert’
Run Tralin_convert’

PARMILA-T3Dile Command Fieces
PARMILA-T3Dile Parameter Pieces
PARMILA-T3Dile Optics Pieces
PARMILA-T2DHile PEO-Lab Pieces

Aundliany Input 3

List Windows b

PARMILA-T30ile Ontions

PARMILA-T3D-file utilizes the
one command item identified
with the blue arrow (—).
Selection of this command
results in the creation of a
PBO Lab object model file
called 'Tr3Din.pbop'.

(ot
Delete

Firid

Select All Pieces

Srinaleelds
Modify Comments

Bt Selechnn

Import Pieces {pbop)

The PARMILA-T3D-file Module
also utilizes the PBO Lab Edit
menu to import the PBO Lab
object model file called
"Tr3Din.pbop'.
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PARMILA-T3D-file Commands Menu

The PARMILA-T3D-file Module is used to create a
basic element PBO-Lab Subline Model that is
equivalent to the PARMILA-2 beamline that is on the
PBO Lab Model Space. The equival®atsic element
PBO-Lab Subline Model may be used to simulate the
PARMILA-2 generated designsing any othelPBO
Lab Application Module such as TRANSPORT,
TURTLE, TRACE 3-D or MARYLIE.

The layout of the PARMILA-T3D-file commands
menu is parallels that of other PARMILA-2 command
menus. However, only one of the items is used, the
"Write and Run 'Tr3Din_convert’ " command. This
command operates on the PARMILA 2 generated file
named Tr3Din.t3d'. The data in theTr3Din.t3d' file
provides a TRACE 3-D type lattice description oé th
beamline. That lattice description is converteid ia
PBO Lab object model representation of the beamline
when the Write and Run 'Tr3Din_convert'" command is
executed.

The PBO Lab model created by the PARMILA-TD-file
Module is written to a file namedr3Din.pbop’ which
can then be read by PBO Lab. If the command is
successfully completed, a text file window will ope
and display the PBO Lab object model data in tkee fi
'Tr3Din.pbop’. An example of this file is illustrated in
Figure 22. The file is displayed for information
purposes only in order to signify completion of the
"Write and Run 'Tr3Din_convert'" command.

Use the Edit menu of the Document Window to select
the item ‘fmport Pieces (.pbop).” This will open a
standard Windows file selection dialog similar baitt
illustrated previously in Figure 15. Navigate be ffile
namedTr3Din.pbop' and selecDpen'.
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Figure 22. Example of ‘@r3Din.pbop’ file that opens after the completion of therite
and Run 'Tr3Din_convert'" command. The example is for "SNS DTL Tank 1.pbol

When the file namedr3Din.pbop' has been imported a
Subline will appear on the Work Space of the
Document Window This Subline Piece will appear in
the lower left corner of the Work Space, similathat
illustrated previously in Figure 10. The newly atexd After the importation of a
Subline can be moved to the Model Space for use wit 1(3pinpbop' file, a Subline

other PBO Lab Modules. with the individual Piece data
will in lower part of the Work
Space.

Depending upon the size of the PARMILA linac from
which it was created, the Subline imported from the
'Tr3Din.pbop' file will included nested Sublines. EEE
Double-clicking the Subline will open a window

similar to that shown in Figure 23, which illusesatthe e—————

first level of nesting. Double-clicking on one tife The imported Subline can be
interior (nested) Sublines will open a window that dragged to the Model Space
displays the details of that Subline. Figure 24 for use in other PBO Lab
illustrates the details for the second Subline igufe Modules.

23.

L_SUBLINE
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N

Figure 23. Example of a Subline created with thdRRIN_A-T3D-file Module. The
example is for "SNS DTL Tank 1.pbol". Double-clic the 2 Subline in this
window will open a view of the details of th&Subline, as shown in Figure 24.

Figure 24. Details of the second interior Subliaethe example illustrated in Figure

23. The individual Pieces comprising the firstrfaells of the PARMILA design for
the example "SNS DTL Tank 1.pbol" drift tube linac.

Any Subline created with the PARMILA-T3D-file
Module can be used with other PBO Lab Modules.
Figure 25 illustrates a TRACE 3-D Module simulation
of the Subline example of Figures 23 and 24. Kgur
26 shows a TRANSPORT Module simulation for the
same Subline.
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Figure 25. Result of using the Graph Beam Line
command of the TRACE 3-D Module for the
Subline illustrated in Figures 23 and 24.

The use of equivalent Sublines,
for PARMILA-2 generated
beamline designs, allows the
easy comparison of results for
different modeling and
simulation codes.

Different  simulation codes
employ  different physics
models. Comparing results
from different codes can help
to identify issues that may
need further study.

Figure 26. Example of a TRANSPORT Module beam Epeesimulation for the

Subline illustrated in Figures 23 and 24.
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3. PARMILA-2 Supported Pieces

A summary of the Pieces appearing on the PBO Lab

Palette Bar that are supported by the PARMILA-2

Module was presented in Section 1, Getting Started.

Those Pieces include common transport elements as

well as specialized Pieces used for the complex

accelerator structures that PARMILA-2 can be uged t >

design. All of the PARMILA-2 Pieces may be —

accessed using four items appearing on the PARMILA-——

2 Commands menu:
PARMILA-2 Command Pieces
PARMILA-2 Parameter Pieces pieces supported by the
PARMILA-2 Optics Pieces PARMILA-2 Module can be
PARMILA-2 PBO-Lab Pieces accessed from entries on the

Commands submenu.

For example, selecting the menu itefARMILA-2

PBO-Lab Pieces" opens the window illustrated in

Figure 27. Pieces listed in the window can becsete

and then created using the Create Piece buttore Th

list can also be used to determine which PBO Lab

Palette Pieces are supported by the PARMILA-2

Module.

The PARMILA-2 Piece window
can be used to confirm
whether or not a PBO Lab
Palette Piece is supported in
the PARMILA-2 Module.

Figure 27. The PARMILA-2 Pieces window lists all
of the PBO Lab Palette Bar Pieces used by the
PARMILA-2 Module.
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PARMILA-2 can be used to
design several complex linear
accelerator components. Each
of these complex components
is represented by a Piece on
PBO Lab Palette Bar of the
PARMILA-2 Module.

Each occurrence of a PBO Lab
DTL, CCL, CCDTL, SC1 or
SC2 Piece in the Model Space
creates one STRUCTURE
section in the PARMILA-2
input.LIN file.
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Many of the PBO Lab Pieces for describing transport
lines (drifts, quadrupoles, bends, etc.) are supddoy
the PARMILA-2 Module. The set up of transfer lines
and the selection of parameters for the individual
Pieces in a transfer line, follow the standard PABD
procedures used for any PBO Lab Optics Application
Module. A special "TRANSPORT STRUCTURE"
PARMILA-2 Command Piece, described later in this
manual (in the PARMILA-2 Command Piece section),
Is used to define the start of a transfer segment.
Otherwise the set up of a transfer section is ani
that for any other PBO Lab Module.

The PARMILA-2 Module has five (5) unique Pieces
that are used for both the design and simulation of
linear accelerators. These Pieces include:

DTL for Drift Tube Linac

CCL for Coupled Cavity Linac

CCDTL for Coupled Cavity Drift Tube Linac

SC1 for Missing Quad Superconducting Linac
SC2 for Grouped Quad Superconducting Linac

The accelerator structures used for these of tybes
linacs included radiofrequency cavities for accaien

and longitudinal focusing, with magnetic quadrupole
lenses for transverse focusing. These structures a
"complex" when compared to individual particle opti
elements such as a radiofrequency gap or one magnet
guadrupole. One of the main capabilities of
PARMILA 2 is that it generateslesignsfor these
complex structures starting with a set of user-$jeec
goals or objectives. The PBO Lab Pieces for these
complex structures have been developed to aiddbée u
in setting up these design goals.
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Drift Tube Linac (DTL) Piece

The DTL Piece is used to set up the main paraméters
either designingor simulating a drift tube linac. The
parameters are grouped into four (4) categories:

. DTL Piece
RF Field
Quads The DTL Piece is part of the
Field Ramp PARMILA 2 Module.  An
equivalent Subline can be
Geometry created with the PARMILA 2

. . . Module that th b d
The Piece Window for the DTL Piece has one tab Ipang oer P20 Lab Modules.

for each of these parameter groups. The RF Fadid t

panel appears in front when a DTL Piece window {$° o nﬂ;pg_‘f;& for each

opened. Figure 28 illustrates the tab panel fer R¥ inac.

Field parameters. ,
Tank Output Energy Goal is a
primary design objective: that
goal can be specified as either:

Nominal Final Energy, or
Final Cell Number

The RF Field tab is used for
setting the starting (Initial)
values for the radiofrequency
(RF) phase and amplitude:
$\ Synchronous Phase, and
- Axial Electric Field

Two parameters are related to

the tank following this one:
Distance to Next Tank, and
Phase Change to Next Tank

Figure 28. RF Field tab panel for a DTL Piece.

A Maximum Power Limit goal for
the tank may also be specified.
If set to zero, it is ignored.

The RF Field parameters for a DTL Piece providettipe

level field and output energy design objectives doe tTT)e parameters on th% RtF Fiteh'd
drift tube linac tank. Each tank of a multipledtairift  5iowing parameter numbers in
tube linear accelerator is represented by sepd@dte Table IV-4 of the Appendix:
Piece. A key parameter used in designing a DLK tan 2,3,4,7,8,19.

the final energy goal for the tank. This can bec#ed The tank number (parameter 1
aseither a"Nominal Final Energy" or a"Final Cell Number" Oft Aplfi_en?lix Ttabtl)e tIhV-4I)DBg
goal. PBO Lab automatically formats the inputtfogse | .. BarMiLA 2 Moddle.

two options.
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Figure 29. Layout of a drift tube lin8ioTL), not to scalefrom Appendix Figure I111-3.

If the Tank Output Energy Goal
switch is set to 'Output Energy'
(in the RF Field tab page,
Figure 28) then PARMILA 2
will compute the number of
cells for the tank needed to
achieve the energy goal. If the
Tank Output Energy Goal
switch is set to 'Cell Number'
then PARMILA 2 will compute
the output energy of the tank
that would be produced for the
specified cell number.

Each DTL tank consists of a number of cells. Fegur
29 illustrates the basic geometrical layout for wedls

of a drift tube linac. Depending upon the setifighe
switch "Tank Output Energy Goal" on the RF Field tab
panel, the number of cells is either computed by
PARMILA 2, or set as a goal for the PARMILA 2
design. In either case, PARMILA 2 will generatdada
for all of the cells in each DTL tank. The caldeth
geometry data will appear ascall table in the file
‘Parmila.out’. Figure 30 illustrates an example output.
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Figure 30. Geometry cell table for a drift tubeal®(DTL) in the file 'Parmila.out'.

The Quads tab panel of the DTL Piece window is used

for specifying the top level design goals for the The DTL geometry cell table
. . . (Figure 30) gives the design
magnetic quadrupoles used for transverse focusiRg | yajues for the DTL parameters

DTL. Figure 31 illustrates the tab panel for the ilustrated in Figure 29. The

Parmila.out file also provides a
quadrUpOIe parameters. text description of these
parameters immediately before
the cell table data.

Coefficients Cy, and C; in the

/ Quadrupole Gradient Formula

Specify Quad Fixed Length or

<

:/ Quad Length / Cell Length
\Quadrupole Lattice Options:
Y
-

Figure 31. Quads tab panel for a DTL Piece.
Entrance, Exit Quad Geometry
PAR_MILA 2 uses a formula for estlmat_lng_ the ;. parameters on the Quads
gradients (B") of the magnet quadrupoles inside the tab page correspond to the

drift tubes. The first 2 parameters of the Quanare {g”;’g)‘[;glvpjf;”;ﬁ;e; ”er:‘dt}i_fs
coefficients in this formula. The Quad Formula is 9,10, 11, 12, 13p,p14 '

given on the next page.
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Quad Formula: B' =

Choices for specifying the DTL
Length of Quad Magnets

Goals for the DTL quadrupole
gradients and lengths can be
further modified using certain
change options implemented
through PBO Lab PARMILA-2
Parameter Pieces.
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(2Ly)] [g(ch){ Co (MEY/(al *) + Cu (PEsTSINf J/(Ibg ?) }

The Quad Formula is given in the PARMILA 2
documentation (Appendix) but is also repeated fmare
clarity. The values of £and G are the first two
parameters appearing in the Quad tab panel of The D
Piece Window. In the Quad Formula, the speed of
light is given by c. The particle mass (m), pdetic
charge (q), and radiofrequency wavelength) ére
determined by the corresponding Global Parameters
(see Figure 10). The other parameters in the Quad
Formula (L, L b, g E, T, fs) are computed by
PARMILA-2 for each cell of the DTL.

The Length of Quad Magnets, Ly, determines the ratio
[LJ/(2Lg)] where L is the cell length. In Figure 29, the
length L = Ly for cell N, and the lengthql= 2DQ for
cell N. Two primary options are available for
specifying the design goals fog:L"Use Fixed Length”
(in cm) or"Use Length Ratio". When the"Use Fixed
Length" choice is selected, th&ffective Quad Length"
parameter is utilized for entering the design g@dlie.
The value may be entered using any of several PBO
Lab choices for units, and theffective Quad Length" in
cm will be written to the PARMILA-2 input file
(inputLin). The value of [W(2Ly)] will then be
computed for each cell. When thése Length Ratio"
choice is selected, the goal value is set in"Hagio of
Quad/Cell Length" parameter field. This choice
effectively sets a fixed goal for {(2L.)] that is
independent of the cell number.

The top level goals for the quadrupole lengths and
gradients can be modified with the useCofangelines

in the PARMILA-2 input file input.Lin'. Change lines
are implemented using PARMILA-2 Parameter Pieces.
The PARMILA-2 Parameter Pieces are described later
in this section.
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PARMILA-2 offers five basic options for the

guadrupole lattice structure. Theuad Sequence"

parameter is used to select these options. Thengpt

are designated by the polarity sequence of the

guadrupoles inside a sequential set of drift tubEkse

sequence contains a combinationtrf(for focusing in Five Quad Sequence options

the x direction) andp” (for defocusing) quadrupole &% avalable for the DTL
e . . - . guadrupole lattice. F means

specifications, and may also contam specifications focusing in the x, or horizontal,

for an empty drift tubes (no quadrupole inside). direction.

For a specific’Quad Sequence" selection an additional

parameter is used to specify how the sequences.start

The "Quad Sequence Start Point" parameter determines

the initial quad polarity at the start of the DTank. .

Not all start point options are meaningful for ewer OQ“ti)dnsseggegﬁg Sutagn P‘z'h”é
choice of quadrupole sequence. Figure 32 illussrat SSIection for%uad Sezuence_

the "Quad Sequence Start Point" options that are

appropriate for eacQuad Sequence selection.
The first "n" Quad Sequence

Start  Point options are
available for a given Quad
Sequence selection, where "n"

is the number of symbols (F, D
or 0) in the lattice description.
For example, there are four
> symbols in the FODO lattice
description, so n=4. Thus the

first 4 choices for Quad
Sequence Start Point are
All 6 Quad Sequence Start Point options meaningful for a FODO lattice.

Figure 32. Meaningful options for th@uad Sequence
Start Point" are tied to the choice tfuad Sequence".

The initial (entrance) and final (exit) quadruptdagth

can each be specified as either "alf Length

Quadrupole" or as a'Full Length Quadrupole". The"Half Two choices are available for
Length Quadrupole” choice is useful when only half of @  specifying the Quad at Tank
guadrupole is physically located within a DTL tank. Entrance or the Quad at Tank
matching half quadrupole may be included in an Bt

adjacent TRANSPORT line.
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The Field Ramp tab panel of the DTL Piece window is

used for setting selected design goals for theatians

in the accelerating field and/or synchronous phase.
A Linear Ramp in Eo has Figure 33 illustrates the Field Ramp tab panel.

Three Options for the Phase:

Field-tilt Coefficient specifies
the Linear Ramp in Eo

Maximum Value for Eo /
Eo Ramp Starting Location /
Start Cell for Phase RV
Start Cell for Phase Ramp
Figure 33. Field Ramp tab panel for a DTL Piece.

Limit to Phase Ramp

\

The parameters on the Field The starting values for the axial acceleratingdfiahd

Ramp tab page correspond to synchronous phase are given by 'tin@ial Axial Electric

the A fo'!OWTi”%l I\F/Jiraf?etther Field" and"Initial Synchronous Phase" parameters on RF

numper n - . . e s

Appendinc O Field tab panel (see Figure 28). Specifying a zero
22,5, 6, 15, 23, 24, 25, 26 "Field-tilt Coefficient" (default value) corresponds to a

flat field, i.e. no ramp is used. For this "no @ncase,
the other parameters on the Field Ramp tab paeel ar
not significant and will be ignored by PARMILA 2.

If the "Field-tilt Coefficient" is non-zero, then the DTL
design goals will include a field ramp, and theeoth
parameters on the Field Ramp tab panel will be
significant. The"Linear Ramp in Eo" selection on the
Field Ramp tab panel is used to specify RaampType

PARMILA 2 has 3 RampType The first choice corresponds to "@onstant Phase",

choices. while the second choice corresponds to"atjusted
Phase" that maintains a fixed width (in cm) of the zero-
current separatrix. The third choice corresporals t
"Constant Longitudinal Focusing”. This also maintains a
fixed width for the zero-current separatrix, bujusts
the field ramp as well (no longer linear).
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When theRampTypeis set to"Constant Phase”, the
"Field-tilt Coefficient", Cry, and "Initial Position for Eo
Ramp", Dzg, are used to compute the axial accelerating
field at each cell locatiofomtheformula given in the

PARMILA 2 documentation (Appendix): The Constant Phase choice for
RampType wuses a linear

accelerating field ramp. The
Eo,cell = E0 [1-0 + GFilt (Zcell - DZE) ] for ZCeII>DZE distance z starts at zero at the

beginning of each DTL tank.
The "Initial Axial Electric Field", E,, is the value entered
in the RF Field tab panel (see Figure 28). Theealf
Ze.i 1S the (approximate) location of the center of the
cell (e.g. at the location betweeg and Ly.; illustrated
in Figure 29). The ramp is continued to the enthef
tank, unless Eei = B maxWhere E maxis the"Maximum
Axial Electric Field". The ramp is then terminated, and
E,.cen IS held constant. The phase of the RFjs held
constant to thélnitial Synchronous Phase" throughout
the tank.

When theRampTypas set tg'Adjusted Phase", a ramp

similar to that for'Constant Phase" is utilized, except

that the effective value oDzg = zys.. Where Ntart is

the"Starting Cell Number". The ramp is continued until

Zecell = Znens Where Nend is the "Ending Cell Number", The Adjusted Phase choice for
unless Bcei = Eomax  The ramp is then terminated, and RampType also uses a linear
Eocen iS held constant. The phase of the RE,is accelerating field ramp.
adjusted throughout the tank so that the (zeroeotyr

separatrix is held approximately constant in length

(cm). The adjustment dfs continues throughout the

tank unless either.g = Zye.s Or fs = fsmax OCCUrS,

wheref ¢ vax IS the"Phase Ramp Stop Value". The phase

of the RF is then held constant through the renmind

of the tank.

For aRampTypeset to"Constant Longitudinal Focusing", The Constant Longitudinal
both axial electric field and the synchronous phase Focusing RampType option
adjusted throughout the tank. See the PARMILA 2 2adiusts both the accelerating
documentation (Appendix) for a description of this o and synchronous phase.
choice.
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Aperture Ry; of Initial Drift Tubes

Aperture Ry, of Final Drift Tubes

PBO Lab 3.0 User Manual Supplement: PARMILA-2 Modu le

The last tab of the DTL Piece window is the Geognetr
tab, illustrated in Figure 34.

—

Aperture Change Cell Number \

—»

DTL Tank Cell Length

The parameters on the
Geometry tab correspond to
the following parameter
numbers in Table IV-4 of the
Appendix:

16, 17, 18, 21

»

Figure 34. Geometry tab panel for a DTL Piece.

The DTL parameters in the Geometry tab are used to
set design goals for the bore radii (aperturesjhef
drift tubes, and to specify the cell length in terof

bl . Two drift drift tube apertures,,Rand R,, can be
set: one for the drift tubes at the beginninghaf tank
("Bore Radius, Low Energy") and the other for the drift
tubes near the exit of the tankBdre Radius, High
Energy"). The transition from the "low energy" to the
"high energy" bore radius occurs at cell numbgggN
given by the'lst Cell Using Radius Rb2" parameter.

The overall length of one DTL cell (Lin Figure 29) is

an integer multiple obl . The default value for this
multiple is 1. The"Cell Lengths (BetaLambda)"
parameter is used to set a different value for the
multiple.
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In addition to the data contained in the DTL Piece,
other parameters are utilized by PARMILA 2 in o

. . . . . SuperFish is a program that
completing the design and/or simulation of a drifte solves for the electromagnetic
linac tank. Important among these is the use Of fiids inside a radiofrequency
SuperFish data. Several PARMILA-2 Command (RF) cavity. SuperFish can
(COMM) Pieces are available for linking in SupetFis  output data for use with
data. These are described in the discussion of the ™ "MA2
PARMILA-2 COMM Pieces later in this Section.
Figure 35 illustrates a representative PBO Lab DTL
"Design Line" that includes a DLT SuperFish Data
Piece labeledDLT sfd".

Figure 35. Example of a DTL "Design Line" that superFish Data (sfd) Pieces

includes two Change lines and SuperFish Data are included in the PARMILA-2
Command Pieces, accessed

. from the corresponding item
Many of the goal parameters for the design of a DTL _, 4, PARMILA?Z Com?nands

tank, setup with the DTL Piece illustrated in FESIr  menu.

28, 31, 33, and 34, may be adjusted or "fine-tuned"

before PARMILA 2 completes the design. This

"tweaking" of the design goals is accomplished with

the use ofChanges Changes are implemented using

PARMILA-2 Parameter (PARAM) Pieces that are ,

located between the DTL Piece and the SuperFish dat

COMM Piece The PARMILA-2 PARAM Pieces are

described later in this Section. Figure 35 illasts an

example where Change types 414) and 16 €-14)

are to be incorporated into the design. Changestyp Change Pieces are included in

14 and 16 specify objectives for the magnetic o PARMILAZ Paramater

quadrupole gradients, overriding the magnetic @m@di  corresponding item of the

goals set using the DTL Piece Quad tab (Figure 31). PARMILA-2 commands menu.

(Other parameters on the Quad tab, such'Casd _

Sequencing”, are not changed by-14 or c-16). Note cange Pleces el ne
. . uperFish Data Piece have a

that Change Pieces locatafter the DLT sfd Piece do different significance, and are

not modify the design objectives, but post-modHhg t  discussed in the PARMILA-2

PARMILA 2 created design f@imulations PARAM Piece section.
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Several PARMILA-2 examples
for a drift tube linac have been
used for illustration earlier in
this manual. See Figures 5, 6,
12, 13, 14, 16, 17, 18, 21, and
30.

PBO Lab can also be used to
create equivalent object
models of a DTL for
computation with other optics
codes. See Figures 25 and 26.
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Figure 7 shows the first several lines thput.LIN' file
that is written for a DTL example file ("SNS DTL
Tank 1.pbol"). lllustrations from parts of the
correspondingParmila.out' file are shown in Figure 6
and Figure 30. Samples of Lingraf results forghme
DTL example were also illustrated previously, in
Figures 12, 13 and 14. The final particle distridou
text file (part_dtl.txt") that can be created after running
the example file "SNS DTL Tank 1.pbol" is shown in
Figure 16. Representative scatter plots of thatesa
DTL data are illustrated in Figures 17, 18 and 21.

Examples of the creation and use of equivalent PBO
Lab object models for a DTL were also illustrated
previously. Figure 25 shows a PBO Lab TRACE 3-D
Module calculation, and Figure 26 shows a PBO Lab
TRANSPORT Module calculation, for the same "SNS
DTL Tank 1.pbol" example, using an equivalent PBO
Lab object model of the drift tube linac createdhwi
PARMILA-T3D-file Module.

48



PBO Lab 3.0 User Manual Supplement: PARMILA-2 Modu le

Coupled Cavity Linac (CCL) Piece

The CCL Piece is used to set up parameters for
designing a coupled cavity linac. Similar to th&LD
Piece, the parameters for the CCL Piece are grouped
into five (5) categories:

) CCL Piece
RF Field
Each CCL Piece represents
Q_uads one STRUCTURE section in
Field Ramp the PARMILA 2 input file
Phase Ramp input.LIN.
Geometry Use one CCL Piece for each

coupled cavity section of a

The Piece Window for the CCL Piece has one tab multiple-section CCL structure.

panel for each of these parameter groups. The RFy.. i piece is part of the

Field tab panel appears in front when a CCL Piece PARMILA 2 Module.  An

i i i 1 i equivalent Subline can be

window is openeq. Figure CCL-1 illustrates the tab e with the BARMILA 2

panel for the RF Field parameters. Module that can be used with
other PBO Lab Modules.

Nominal Final Energy is a

primary design objective
Last Cell Number will be the
/ final cell actually used in CCL
The RF Field tab is used for
tL\ setting the starting (Initial)

values for the radiofrequency
(RF) phase and amplitude:
Synchronous Phase, and

Axial Electric Field

Frequency Harmonic for CCL
is a multiple of the (Document
Window) Global Frequency

Figure 36. RF Field tab panel for a CCL Pie

If SuperFish Data Frequency is

: : : different from the Frequency of
The RF Field parameters for a CCL Piece provide the " 5xrmiLa 2 will scale the

top level field and output energy design objectifas SuperFish data.
one coupled cavity section. Each CCL Piece defines The parameters on the RF
on the RF Field tab panel are used for a Giucture the  following ~ parameter

line in the PARMILA-2 Main Input Fildinput.LIN). oo e VT ot the
1,2,3
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Quadrupole N 1
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Quadrupole N

Segment N Segment N + 1
MY OYATATATA YT YAYS
AY A Y4 NENENIN N /L N EN IS S S
VAYA VA YAYAYA ’SeSCSESE S
_J\J N\NANANDAND, NI\ NI AN AN
<— bl /2 —>| <— bl /12
Npi binl Np Dout

Figure 37. Layout of a coupled cavity linac (CChpt to scale, from Appendix
Figure llI-5. This example has 5 cavities per segin

The structure number for each
CCL is automatically set by the
PBO Lab PARMILA 2 Module.

The number of cells per
segment is same for a given
CCL structure, and is set using
the Geometry tab panel (see
Figure 42).

Segment quad parameters:

Figure 37 illustrates the layout for a CCL. EaddLC
structure consists of one or more ("N") segmeiach
segment consists of several equal length cavibtes,
cells. The length of the cells is given byl /2, where

by IS average (geometrical) relativistic velocity tbe
particles in segment N. The quadrupole paramébers

a CCL structure are specified using the Quads tab
panel, shown in Figure 38.

Magnetic-Field Gradient
Effective Quad Length \‘

Twice the bl Distance

Between Segments (integer) ——

Quadrupole Lattice Options
(see next page, Figure 39)

The parameters on the Quads
tab page correspond to the
following parameter numbers
in Table IV-7 of the Appendix:
6,7,5,11,12, 8, 13,10, 9

Figure 38. Quads tab panel for a CCL Piece.
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The Lattice Type parameter on the CCL Quads tab
panel is used to specify whether the "Quadrygole
gray areas illustrated in Figure 37 are tosbeyletor
doubletlenses. This parameter determines which of
the following quadrupole parameters are meaningful:

Distance Between Quads

Sequencing for Singlet

Polarity for Doublets

Quad at Tank Entrance
Figure 39 shows the relationship to the choiceaaice

Type.
Lattice Type:

Sequencing for Singlet:

Polarity for Doublets:

Quad at Tank Entrance:

Figure 39. CCL choice for the quadrupakgtice Type
determines the meaningful options for other quad
parameters.

For a given choice ofLattice Type" only the related
parameters shown in Figure 39 will be used by
PARMILA 2 for the design. The parameters related t
other choice ofLattice Type" are ignored.

Another quad parameter is available for adjustnent

for the "Magnet Locations". The "Magnet Locations"

parameter is applicable tmth the "Singlet Quads" and

the "Doublet Quads" selection for'Lattice Type". The Three choices are available for

"Magnet Locations" parameter refers to the position SPeciving  the — Magnet
oy . Locations in the space

within the space between adjacent segments (S€€peeen o adjacent CCL

Figure 39, which illustrates théwagnet Locations" segments.

default"Start of Space").
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The distance set in the Shift
Location from End field is used
to create a "QuadLocs"
(keyword) entry in  the
PARMILA-2 input.LIN file. See
Section IV.A.25 of the
Appendix.

The parameters on the Field
Ramp tab page correspond to
the keywords "SetBetaRamp"
and "EORamp" in Section
IV.A.15 of the Appendix.

Field Ramp Choices

Field Ramp selection will

activate ramp parameters:
Acceleration Ramp Rate
or Fixed Field Step Size
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One final quad parameter that can be used for
additional adjustment t$hift Location from End". This
parameter shifts the location of all CCL quadrupole
magnets by a fixed distance. The distance is away
taken as positive. If theMagnet Locations” parameter

IS set to'Start of Space" (See previous page) a non-zero
entry for the"Shift Location from End" will result in all
guadrupoles being moveitbwnstreamby the entered
distance. If theMagnet Locations" parameter is set to
"End of Space" then a non-zero entry for theshift
Location from End" will result in all quadrupoles being
movedupstreamby the entered distance. The distance
entry isignoredfor the"Middle of Space" selection.

Accelerating electric field and synchronous phase
ramps may be used with each CCL structure. The
parameters for these ramps are set on separate tab
pages of the CCL Piece window. Figure 40 shows the
Field Ramp tab panel.

s:

Maximum Axial Electric Field >
Start Cell for Field Ramp /

End Cell for Field Ramp / /

Choice for Applying Ramp

Figure 40. Field Ramp tab panel for a CCL Piece.

The default setting for th&ccelerating Field Ramp” IS
"No Field Ramp". However, two basic types of
"Accelerating Field Ramp" can be applied to a given
CCL Piece: "Change per Unit b" and "Fixed Step in
Field".
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The "Fixed Step in Field" selection uses theixed Field The Apply Field Ramp to
Step Size" (Eostep t0 incrementally increase the axial OS‘;” eEd(‘)'Tk(IaS “j;dl,tnoe?gdci“c
. g . [ YW i
electric field (k). The starting value of s setby the  p,z\iia-2 description (in the
axial electric field at the cell number set kyelay input.LIN' file). When the EoT
Accel Ramp to Cell" parameter. This may, or may not, option is selected, then the
correspond to thenitial Axial Electric Field" value set in Sta”'lr‘g t‘_’a'“e of Eo tf‘;)f :Ee
the RF Field tab panel of the CCL Piece (see Figure ?chfsf;t')ocarliz‘gf'ssc; e
option is set toEo" or "EoT". If "EoT" is set, then a number. See Section IV.A.8 of
PARMILA-2 ETFixedkeyword is used (see sidebar). the Appendix for additional
information.
When using the'Change per Unit b" selection, the
"Acceleration Ramp Rate" Rg is used to try to ramp the

electric field E(b), as a linear function af (=v/c): Some adjustment of the
Acceleration Ramp Rate Rg

_ may be needed in order to
Eo(b) - E0 + I:eE (b - bO) achieve a particular final value

for the axial electric field. See
The starting value of Eis set according to the same the discussion in  Section
criteria described above for theixed Step in Field" IV.A.L5 of the Appendix for
. . .. . additional information.
selection. The relativistic velocity correspondiogg,
IS bo,.

For either"Accelerating Field Ramp" option (i.e. other
than "No Field Ramp") the axial electric field ramp is
continued until either (a) the cell number assigired
"Stop Accel Ramp after Cell" is reached or (b) the
"Maximum Axial Electric Field" value is attained. The
accelerating field is then maintained at a constant
value, or adjusted, according to the selectionhaf t
"Apply Field Ramp to" option (Eo" or"EoT").

The synchronous phase of the CCL may also be . =~

. . parameters on the
ramped. Figure 41 illustrates the Phase Ramp tabccp phase Ramp tab panel
panel of the CCL Piece Window. Each of the are similar to the first six
parameters appearing on the Phase Ramp tab paneparameters of the CCL Field
(Figure 41) is similar to one of the parameterstioa Ramp tab panel.
Field Ramp tab panel (Figure 40).

53



Phase Ramp Choices

Synchronous Phase Ramp
selection will activate ramp
parameters:
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v

Phase Ramp Rate

or Fixed Phase Step Size ——

Limiting Phase Value /

Start Cell for Phase Ramp /

End Cell for Phase Ramp

The parameters on the Field
Ramp tab page are used to
write a "PhaseRamp" keyword
line to the 'input.LIN' file for the
CCL. The "PhaseRamp"
keyword line is discussed in
Section IV.A15 of the
Appendix.

Figure 41. Phase Ramp tab panel for a CCL Piece.

The"Synchronous Phase Ramp" switch is used to select
the type of ramp to be applied, witko Phase Ramp"
being the default. The other options arehange per
Unit b" and "Fixed Step in Phase". If one of these
options is selected, then the corresponding nuieric
input field becomes active:"Phase Ramp Rate" (in
degreed)) or "Fixed Phase Step Size" (in Degrees or
other units choice).

For either choice of thé&Synchronous Phase Ramp"
(other than"No Phase Ramp") the remaining three
parameters impose certain limits on the phase ramp.
The phase begins at the cell number given by the
"Delay Phase Ramp to Cell" entry. The phase ramp is
continued until either (a) the limiting value s

for the "Phase Ramp Stop Value" is attained or (b) the
cell number given byStop Phase Ramp after Cell" entry

Is reached. The synchronous phase is then held
constant through the remainder of the CCL structure

Various layout and dimensional parameters for the
CCL are set using the Geometry tab panel. The
Geometry tab panel of the CCL Piece Window is
illustrated in Figure 42.
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Bore Radius Settings

Start Cell for High Energy
Bore Radius

Number of Cavities for
each CCL Segment

Option to Use
Symmetric Design, or
Graded-b Design

|

Number of Segments with
Symmetrical Cavities

Number of Symmetrical
Cavities ("AutoCalc")

Figure 42. Geometry tab panel fora C

The aperture of the CCL entrance cavity is seth&y t ™ Cell Number to Start
"Bore Radius, Low Energy" parameter (Rbl). The Symmetrical Cavities
aperture Enay be c_hanggd further"down the strudtyre The 3 parameters specifying
using the Bore Radius, High Energy” parameter (Rb2).  ihe bore radii are used to
The change in aperture will occur at the cell numbe create a "Bore" keyword line in
given by the'1* Cell Using Radius Rb2" entry. These the "input. LIN" file for the CCL
parameters are not used for the CCL design, but areStucture. The "Bore” keyword
.- . . . line is only used in the beam
utilized for beam dynamics simulations.

dynamics simulation and is
discussed in Section 1V.B.18 of

The number of cavities for each CCL segment idget  the Appendix.
the"Cavities per Segment (Ncav)" entry. This number is

a constant for a given CCL tank (i.e. one PARMILA-2

CCL Structure). Figure 37 illustrates an exampit w

5 cavities per segment.

The CCL may use gradeds design where the length . (.o choice of the Use
of each cavity is adjusted to a computed geometric  symmetric Cavities switch on

for the cell. Each cavity thus has a differenghén It the Geometry tab panel adds a
may be more convenient (e.g. for easier fabricition t:ngr?istli?N ']fl‘lfg‘;vsrr?h;t”z éi
use cavities of equal length. _Thls_ type of CCL Structu‘;e_' The "SymDesign"
structure is referred to asgmmetriaddesign. Theuse keyword line is discussed in
Symmetric Cavities" popup is used to select the type of Secton IV.A10 of the
design desired. The default settinges" is for a Appendix.

symmetriadesign.
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The "SymDesign" keyword line
in the 'input.LIN' file for the
CCL  structure use two
parameters from the Geometry
tab panel: No. Sym. Cavities
(Nsame) and Start Sym. Cav.
at Cell.

The No. Sym. Cavities (Nsame)
parameter is an "Autocalc"
parameter, meaning that it is
automatically calculated from
other parameters. Specifically:

No. Sym. Cavities (Nsame) =
[Segments with Sym. Cavities]
" [Cavities per Segment (Ncav)]
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When the (default)yes" setting for"Use Symmetric
Cavities" popup switch is selected, the three remaining
parameters are utilized. Theo, use graded-b" setting
does not utilize the three parameters following the
switch, and those parameters are all inactive liat t
switch setting.

Similar to the DTL, the CCL design goals may be
adjusted, or fine-tuned, usinghanges Changes are
implemented using PARMILA-2 Parameter (PARAM)
Pieces. In addition, there are other specialized
modifications related to the external quadrupolethe
CCL. These are also implemented with PARMILA-2
Parameter (PARAM) Pieces.

One important Piece for the CCL design is a SugérFi
data Piece. Several PARMILA-2 Command (COMM)
Pieces are available for linking in SuperFish data.
These are described in the discussion of the
PARMILA-2 COMM Pieces later in this Section.
Figure 43 illustrates a representative PBO Lab CCL
"Design Line" that includes a CCL SuperFish Data
Piece labeledCcCL sfd".

Figure 43. Example of a CCL "Design Line" that
includes SuperFish Data

The PBO Lab file named "SNS-CCL-1st-8-cells.pbol"

provides an example of using PARMILA-2 to design a

CCL and then simulate its performance. The example
file is located in the Examples/Parmila directory

installed with PBO Lab 3.
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Figure 44 shows the first several lines thput.LIN' file It can helpful to set options on a
that is written for the CCL example file ("SNS-CQkt- %tep';g E\i/r;gwth'iennpul:SLelNTh?
8—c¢|ls.pbql"). This example is for an 8—C¢II SYBIMC L \eMiLA2 Command fo see
cavity design. The example includes a Field Ramm bhow the settings impact the

no Phase Ramp. input.LIN' file.

Figure 44. The Main Inputnput.LIN) for the example "SNS-CCL-1st-8-
cells.pbol" after executing the command "Write &fiew ‘input.LIN' .

The'input.LIN' file illustrated in Figure 44 shows, near the
bottom of the Figure, the beginning of the SupdrFis
Data (following theSFDATAQ entry) for this example.
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The reader should note that the
design for the example is
contains more than 8 cells. The
design goal for the Last Cell
Number parameter (see Figure
36) is actually set to 40 in this
example.
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Figure 45 shows a section of the corresponding
'‘Parmila.out’ file for the example "SNS-CCL-1st-8-
cells.pbol".  The portion of the output displayed
(accessed by adjusting the scroll bar on the sghd of
the window) shows the design details for the ffiest
cells.

Figure 45. The Main Output Fileearmila.out’) for the example "SNS-CCL-
1st-8-cells.pbol" after executing the command "#&ahd Runirput.LIN' ".

A representative Lingraf plot for the same "SNS-CCL
1st-8-cells.pbol" example is shown in Figure 46heT
plot runs through 40 cells.
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Figure 46. Lingraf profile plots for the exampl8NS-CCL-1st-8-cells.pbol."
Note that this example actually has 40 cells indésign.

The final particle distribution text file p@rt_dtl.txt")
created for the example file "SNS-CCL-1st-8-cebslp
Is shown in Figure 47.

Figure 47. "SNS-CCL-1st-8-cells.pbol" Particletdimution data example after
running the PARMILA-Plots commantlrite and Run ‘input.temp' .
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Representative scatter plots at the exit of the CCL
utilizing the data in thepart_dtl.txt' file, are illustrated in
Figure 48.

Figure 48. Phase space scatter plots for the dedl8plS-CCL-1st-8-
cells.pbol": (a) horizontal phase space (uppéj)yértical phase space
(middle), and (c) longitudinal phase space (lower).
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Similar to the DTL, an equivalent PBO Lab object
models for a CCDTL can be created for use with othe
PBO Lab Modules. The PARMILA-T3D-file Module is o

.- . . . The CCL Piece is unique to the
utilized for this purpose. The procedure is o@finn . ouiia 2 Module and is
Section 2 of this manual: an equivaldy@sic element ignored by other  (non-
PBO-Lab Subline Model is created using, thaite and PARMILA) PBO Lab Modules.

Run 'Tr3Din_convert' " command of the PARMILA-T3D- However, an equivalent PBO
file Module Lab Subline can be created with

the PARMILA-T3D-file Module.
The equivalent Subline can then

Figure 49 shows a PBO Lab TRACE 3-D Modul@e used with other PBO Lab
calculation for the "SNS-CCL-1st-8-cells.pbol" exale) Modules, such as TRACE 3-D
using the equivalent PBO Lab object model of th&? TRANSPORT.

coupled cavity linac created with PARMILA-T3D-file

Module.

Figure 49. TRACE 3-D calculation using the PBO legjoiivalent object
model for the example "SNS-CCL-1st-8-cells.pbol".
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The output energy (W) from the TRACE 3-D calculatio
(104.9174 MeV) and the TRACE 3-D beamline length
(4563.14 mm) are in agreement with the correspandin
data from the'Parmila.out’ file after 40 cells The
following lines, copied from further down in the
'Parmila.out' file shown in Figure 45, give the values
(underlines addgcheeded to compare to the TRACE 3-D
results:

40 104.9172 0.43707 7.6810 0.8934 0.0318 0.3478 0.0468 0.000 0.0000 3.5059 3.5059 -30.740 -30.442 453.3147

104.9172 0.43707 30.8301

3.000 7.4981 454.8147

41 105.1422 0.43747 7.7354 0.8939 0.0317 0.3473 0.0468 0.000 0.0000 3.8074 3.8074 -31.257 -30.442 491.8802

Note: For a standalone CCL
example such as this one, a
PARMILA-T3D-file  command
Write and View 'Tr3Din_convert'
should be run, in order to look at
the frequency appearing at the
top of the file Tr3Din_convert.
That frequency (in MHz) should
correspond to the Frequency of
CCL (see Figure 36). If it does
not, then change the value in
the Tr3Din_convert file, and
save that file. Then use the
PARMILA-T3D-fle  command
named Run 'Tr3Din_convert' to
execute the new Tr3Din_convert
file that was saved with the
corrected frequency. The
remaining procedures, to create
the equivalent subline from the
"Tr3Din.pbop' file, are the same
as described in Section 2.

The first entry is the cell number (40 and 41 del@éc
from the'Parmila.out' file. The second entry (underlined
Is the beam energgfter the cell. For cell 40 this is
104.9172 MeV, in agreement with the TRACE 3-D resul
to within 2 parts in 10(or 0.0002 %). The last number
in a cell line (e.g. those that start with 40 o) 4l the
distance (in cm) from the start of the CCL to #rel of
the corresponding cell. For cell 40 this is 453.B&m
(underlined. Information on the quadrupoles between
CCL cavities is given in abbreviated lines betweeti
lines. The length of the quadrupole space aftéiCeis
3.000 cm (underlingd Adding this quadrupole space to
the to distance to the exit of cell 40 gives the
corresponding beamline length through that quadeupo
space: 456.314dm. This is also within 2 parts in °L6f
the TRACE 3-D calculation.
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Coupled Cavity Drift Tube Linac (CCDTL)

The CCDTL Piece is used to set up parameters for

designing a coupled cavity drift tube linac. The

parameters describing a CCDTL are nearly identical

those used to describe a CCL. Similar to the C@&cd?

the parameters for the CCDTL Piece are grouped into CCDTL Piece
five (5) categories: Each CCDTL Piece represents

. one STRUCTURE section in the
RF Field PARMILA 2 input file "input.LIN"

Quads

Field Ramp
Phase Ramp
Geometry

Similar to the CCL, the Piece Window for the CCDTLUse ?r:f CCDTL Piece for e?dl
Piece has one tab panel for each of these paramé&fdfc, oV Sruciure of @

groups. The parameters have the same basic measing

for the CCL and users may refer to CCL Figures 136 @ The parameters on the various
38-41 for additional information. The CCDTL haseon tap pages of the CCDTL Piece
more parameter than the CCL: the number of difes Window include all of the
per cavity. This parameter is set on the Geomty PTG 9en & Tebie -2

panel of the CCDTL which is illustrated in Figur@.5 CCL Piece, other parameters
also appear on the tab pages.

The Number of Drift Tubes
per Cavity is the only
extra parameter for a
CCDTL that is not on
a CCL Piece.

. . Figure 51 shows an example of
Figure 50. Geometry tab panel of a CCDTL Piecelhas: ccpTL with 2 drift tubes per

more parameter than the Geometry tab of a CCL Pie&&"V:
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Segment N
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Segment N+1

N

(AR Y E.Y YA Y B Y. .Y4Y Y.

N N,

<—D5bnl /12 —><—5pnl /2

Quadrupole N-1

/3 N YN 5

NN

Sbn+al 12 —><—5pnial 12 —>

Quadrupole N Quadrupole N+1

Figure 51. Layout of a coupled cavity drift tumealc (CCDTL), not to scale, from
Appendix Figure llI-4. This example has 2 cavifes segment

The CCDTL Piece is part of the
PARMILA-2  Module. An
equivalent PBO Lab Subline can
be created with the PARMILA-
T3D-file Module. That
equivalent Subline can then be
used with other PBO Lab
Modules, such as TRACE 3-D
and TRANSPORT. The
procedures and steps for using
PBO Lab to create the
equivalent subline are similar to
those summarized in Section 2.

Figure 51, taken from the Appendix attached to this
manual, shows the general layout for a coupledtygavi
drift tube linac. This example has two cavitiesr pe
segment, and two drift tubes per cavity. The dngwi
indicates that singlet quadrupoles are used betwaeh
segment.

An example of with a CCDTL structure is includedie
Examples/Parmila folder of the PBO Lab software
installation. The file is named:

"100 MeV LINAC through CCDTL.pbol"
In addition to the CCDTL, the first 20 MeV of the
accelerator in this example is composed of the Diwa
tanks. A DTL to CCDTL matching section is also
included in the example.
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SuperConducting Linac Overview

Superconducting (SC) linear accelerators diffesaueral

respects from the drift tube linac (DTL), coupleavity

linac (CCL) and coupled cavity drift tube linac (DTL)

accelerator structures. PARMILA-2 divides an SC

accelerator into structures. Each SC structure lnfiac

corresponds to one PBO Lab SC Piece. Typically one

SC structure can accelerate a beam by several édindr

MeV so that only a few PBO Lab SC Pieces are needed

to model the complete superconducting portion lofac. SC1 Piece

Each SC structure is divided into segments, whieh a
sometimes referred to aavitiesin the literature. Each

segment is comprised of a fixed number of cellhe T

individual cells of an SC structure (i.e. all segseof Each SC Piece, either SC1 or
the structure) all have the same length. Thislealjth is = S>2 represents Aﬁ}ig?ﬁgﬁ
defined in terms ofbyl /2" for the structure, whergy iS e "input.LIN".

the physical ogeometricb for the structure and is the

radiofrequency wavelength for the structure. FegGP

illustrates a basic SC structure modeled by PARMR.A

SC2 Piece

Segment N SegmentN + 1
bl

—> <
2

ARl
WAV}

<— Nceiddgl /2—>l€«—— dse¢g—>{<— Ncaddgl /2 —>

Figure 52. Superconducting (SC) layout consisbhgnultiple segments andJdys
per segment, not to scale, from Appendix Figurélll
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Hierarchy of PARMILA 2
objects used for modeling
superconducting structures:

« STRUCTURE

A STRUCTURE is composed
of one or more LAYOUTS. The
number of LAYOUTS is
specified by the user.

* LAYOUT

One LAYOUT is composed of
a number of SEGMENTS. The
number of SEGMENTS s
computed by PARMILA 2 for
each LAYOUT.

* SEGMENT

Each SEGMENT contains a
fixed number of CELLS. This
number is the same for all of
the LAYOUTS within a
STRUCTURE. The number of
CELLS per SEGMENT for a
STRUCTURE is specified by
the user.

* CELL

Each CELL contains detailed
information regarding RF fields
and physical dimensions.

PARMILA 2 utilizes quadrupole
magnets for transverse beam
focusing. The quad LATTICE
determines the x and vy
focusing properties for each
STRUCTURE.

The SC1 and SC2 structures
are described in separate
sections of this User Manual.
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The example SC structure illustrated in Figure &2 4
cells per segment Ns~4). The distance between
each segment is denoted by Focussing magnets
(not shown in Figure 53) are located between
segments.

PARMILA 2 further divides each structure into a
number oflayouts Certain details of the segments
within a given layout may be specified, such as the
value of de, the energy gain goal for each segment,
and other parameters discussed later. While some
design details for each layout can be independently
specified, the physicatavity structures are the same
for each layout. In particular, the values of.lNand

by are the same for all segments and layouts within a
structure.

Two general classes of SC structures, referredsto a
SC1 and SC2, can be designed and/or modeled by the
PBO Lab PARMILA-2 Module. Each of these is
described in separate sections of this User Marwgl,

the brief overviews below may be helpful.

SC1 has singlet quadrupole magnets locatithin the
space g, However, the primary characteristic of the
SC1 structure is that the one segment in the sireict
does not contain a cavity. This is referred toaas
missing segmentsuperconducting linac. The linac
designer (PBO Lab PARMILA-2 user) can specify
which segment is missing

The SC2 type of structure haxtra spacebetween
specific segments (not illustrated in Figure 53prder

to accommodate larger focusing magnets. Either
guadrupole singlets or doublets can be used witien
extra space. This is referred to agrauped segments
superconducting linac. Whenever a magnet is ldcate
between two segments, the extra space introduces a
region larger thangdybetween those segments.
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Missing Segments SuperConducting (SC1)
Linac Piece

The missing segments superconducting (SC1) linac
structure of PARMILA 2 refers to a superconducting
structure where there is an acceleration segmenttyg SC1 Piece
not present (i.e. "missing") in each layout (seguFe _
54). The parameters for the SC1 Piece are groiped coa owyoe e chresents one

in the
four (4) categories: PARMILA 2 input file "input.LIN"
RF Field
Quads
Segment Layouts
Geometry

The Piece Window for the SC1 Piece has one tabl pane

for each of these parameter groups. The RF Fadid t

panel appears in front when a SC1 Piece window is

opened. Figure 54 illustrates the tab panel fer RF Nominal Final Energy should be

Field parameters larger than design objective.
Last Cell Number will be the
final cell actually used in SC1.
The RF Field tab is used to set
the Initial Synchronous Phase.

Frequency Harmonic for SC1 is
a multiple of the (Document
< Wndow) Global Frequency.
This sets the Frequency of SC1.

Two options are available for
the Energy Gain Goal:

The Axial Electric Field value is
used if the Energy Gain Goal is
Constant Axial Electric Field Eo

Figure 53. RF Field tab panel for a SC1 Piece:

Many of the parameters on the RF Field tab of tGd S SuperFish Data Frequency may
Pi ind th th . dREh be different from the Frequency
iece window are the same as those appearing €of SC1 and PARMILA 2 wil

Field tab panel of the CCL Piece window (see Figie scale the SuperFish data.
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The Nominal Final Energy and
Initial  Synchronous Phase
parameters on the RF Field
tab page of the SC1 Piece
correspond to the following
parameter numbers in Table
IV-9 of the Appendix:
1,2

The RF Field parameters Last
Cell Number, Frequency of
SC1, and SuperFish Data
Frequency of the SC1 Piece
specify the corresponding data
for the SC1 Structure line
appearing in the PARMILA 2
input file "input.LIN".

The popup switch Energy Gain
Goal on the RF Field tab of the
SC1 Piece determines whether
or not to use a "ConstESuper"
keyword line in the PARMILA 2
input file "input.LIN". When
the popup switch option is set
to Constant Axial Electric Field
Eo, then the "ConstESuper"
keyword line is utilized, and
the value for the Axial Electric
Field Eo parameter specifies
the data for that keyword line.

Quadrupoles  are located
between all general segments
(cavities) of the SC1 Structure,
including the so-called
"missing" segments.  There
will actually be 2 quadrupoles,
of opposite polarity, located in
the special region that contains
the "missing" segment. Or,
equivalently, there will be (a)
one quadrupole located after
the segment that precedes the
missing segment space and
(b) another quadrupole, of
opposite polarity, before the
segment that follows the
missing segment location.
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The parameters in the SC1 Piece window, whose
names are the same as those appearing on the on the
CCL Piece window, may be understood to play the
same basic role in the SC1 design process as the
corresponding parameters of the CCL. However, the
SC1 Piece does not have a parameter for specifiyang
initial axial electric field. The SC1 utilizesegment
Layouts" in the design of the structure, and the axial
electric field is determined by the details (priityathe
"Energy Gain per Segment’, see Figure 56) of the
"Segment Layouts". The "Energy Gain Goal" popup
switch illustrated in Figure 53 has its defaultisgt to

use those energy gains.

An "override" of the"Segment Layouts" specifications
can be used to replaal axial electric fields in the
entire Structure with a constant value. The&nergy
Gain Goal" popup option'Constant Axial Electric Field

Eo" is used to select this override. Thial Electric
Field Eo" parameter value field is then used to input the
desired constant value of the axial field.

An example illustratingone Layoutof a missing
segment superconducting linac (SC1) structure is
shown in Figure 54. Specifying the details for
individual "Segment Layouts" is described in detail
further below. Note that there is one quadrupole
located between every segment. For the SC1 thas is
property of the entire Structure. That is, a qupdle
magnet is located between every Segment of every
Layout of one SC1 Structure. Thguads" tab panel of
the SC1 Piece window is used to specify detailgHer
guadrupole lattice. Figure 55 illustrates the $dce
window "Quads" tab panel.
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Quadrupole - 1 Quadrupole |
Missing
segment

e @%Hm@m;y@\
e e e

édSeg > dSeg > NCeIIsbgl /2 - <

Segment | Segment N+ Segmeint N+

=~ dms I—t I—tIZ

Transverse peric

mI—tIZ + dms
Super perio

Figure 54. Layout for a missing segment supercotay linac (SC1), not to scale,
from Appendix Figure IlI-7. This example has 1 snig segment every 4 segments.

Structure quad parameters:

Magnetic-Field Gradient
The quadrupole lattice options
Mdude selections for setting:
<  Sequencing of Polarities
/ 4‘  Magnet Locations
Quad at Structure Start

The parameters on the SC1
Quads tab page correspond to
the following parameter
numbers in Table IV-9 of the
Appendix:

56,7,8,9

Figure 55. Quads tab panel for a SC1 Piece.

The first two parameters on th@uads" tab panel
determine the quadrupole gradient and effectivgtlen
for the entire SC1 Structure. The popup parametersonly a singlet quadrupole
n ; Han ; "o lattice can be used with a
("Sequencing (.).f Polarities”, "Magnet Lo_catlons , Qua_ld at PARMILA 2 SCI1._ Structure.
Tank Entrance") have the same choices as available for the sc2 structure supports

a CCL usingsingletquadrupoles (see Figure 39). both singlet and doublet lattice
configurations.
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Number of Layouts must be at
least 1 and not more than 10

All Layouts for an SC1 Piece
will have the same

PBO Lab 3.0 User Manual Supplement: PARMILA-2 Modu le

Each SC1 Piece can support from 1 to S€gment
Layouts (At least one is required.) Figure 54
illustratesone Segment Layout, and the example layout
shown has 1 missing segment, for every 4 segments.
The "Segment Layouts" tab panel of the SC1 Piece
window is used to set most of the other parameters
illustrated in Figure 54. The SC%egment Layouts"

tab panel is shown in Figure 56.

Number of Cells per Segment \

The Individual Segment Layout —»

switch selects input fields for
the next 6 parameM
Use this Layout /

Starting Velocity (v/c)
Energy Gain per Segment
Distance Between Segments

i

Missing Segment NumM

Shift Missing Segment

Each Segment Layout to be
used, i.e. each Layout number

less than or equal 'Number of
Layouts' entered, must have

‘Use this Layout' set to "Yes"

PARMILA 2 superconducting
structure hierarchy:

* STRUCTURE
A STRUCTURE is comprised
of a Number of Layouts

« LAYOUT

One LAYOUT is composed of
a number of SEGMENTS. The
number is computed by
PARMILA 2 for each LAYOUT.

e SEGMENT

Each SEGMENT in a LAYOUT
contains the fixed Number of
Cells per Segment

Figure 56. Segment Layouts tab panel for a SCdePie

The SC1l"segment Layouts" tab panel, illustrated in
Figure 56, can be conceptually separated into &.par
The upper part contains the two parameter inplddie
for "Number of Layouts" and "Number of Cells per
Segment". These two parameters are the same for all
Segments in each Layout. The sidebar to the left
contains a summary of the superconducting structure
hierarchy determined by the values of the pararmeter
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The "Number of Layouts” must be at least 1 (otherwise
no SC1 structure exists). Similarly, the number of
"Number of Cells per Segment" must also be at least 1.

The second part, of the conceptual division of Sl
"Segment Layouts" tab panel, contains the popup switch
"Individual Segment Layouts" and the remainder of the
parameters on the tab. Thedividual Segment Layouts"
popup switch has ten (10) positions, correspondting
the (maximum) possibl&umber of Layouts". Foreach

of the 10 switch positions, the popup switthse this
Layout" and the five parameter input fields immediately
below are individually set.

Parameters only need to be entered for'thenber of
Layouts” specified. For example, if the&Number of
Layouts” is set to"2", then values are only needed for
the"Segment Layout 1 Parameters” and"Segment Layout

2 Parameters". (Values for "Segment Layout 3
Parameters" through "Segment Layout 10 Parameters”
will not be used by the PARMILA-2 Module.) It is
important that the popup switcbse this Layout" be set
to "Yes" for both Layout 1 and Layout 2. Only Layout
1 has a default ofes”, all other Layouts haveNo" as
their default setting. The sidebar to the rigluviies a
summary of the PARMILA 2 superconducting
structure hierarchy for the example of 2 Layouts.

Each Layout has five (5) parameters that detertmae
SC1 design:'Starting Velocity (v/c)", "Energy Gain per
Segment”, "Distance Between Segments”, "Missing
Segment Number m" and"Shift Missing Segment". One
of these parametersStarting Velocity (v/c)", should be

Individual Layout parameters:

Starting Velocity (v/c)

Energy Gain per Segment

Distance Between Segments

Missing Segment Number
and

Shift Missing Segment
correspond to the following five
parameter numbers in Table
IV-9 of the Appendix:

10, 11, 12,13, 14

One set of these five
parameters is needed for each
Layout, up to the Number of
Layouts specified. Each set is
entered by selecting a different
position of the popup switch:
Individual Segment Layouts

Example for a superconducting
structure hierarchy:

* STRUCTURE
Number of Layouts = 2

* LAYOUT

Enter parameter values for:
Segment Layout 1 Parameters
Segment Layout 2 Parameters
The number of Segments for
Layout 1 and Layout 2 will be
computed by PARMILA 2.

* SEGMENT

increasing from one Layout to the next. The others All Segments in Layout 1 and

may, or may not, be unique to each Layout. InSG4
basic design all Layouts will have the same singlet
guadrupole focusing characteristics as specifiethen
Quads tab panel (Figure 55).
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Layout 2 will contain the same
Number of Cells per Segment

* CELLS

Detailed cell parameters will
be computed by PARMILA 2
for all Segments in Layout 1
and Layout 2.



Design: The number of
Segments, and hence total
number of cells, is computed
by PARMILA 2 so that the SC1
structure achieves the Nominal
Final Energy specified on the
RF Field tab page (Figure 53).

Simulation: In beam dynamics
simulations, computations are
carried out only through the
cell number specified for the
Last Cell Number on the RF
Field tab page (Figure 53).
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When setting up the design goals for a SC1 Stractur
it is important to specify @&Nominal Final Energy” (see
Figure 53) that is high enough to allow PARMILA® t
determine the desigrbeyond the "Maximum Cell
Number" desired for the actual Structure. As the
preceding discussion of the superconducting stractu
hierarchy suggests, this may not be knawpriori at
the beginning of the design process. Users should
anticipate the need for some iteration of the desig

The last tab panel of the SC1 Piece window is the
Geometry tab. The SC1 Geometry tab panel is
illustrated in Figure 57.

Aperture Ry; of Initial SC1 Cells \

Aperture Ry, of Final SC1 Cells \
Aperture Change Cell Number —

The parameters on the
Geometry tab provide the data
for each SC1 "Bore" keyword
line in the PARMILA 2 input file
“input.LIN". Section IV.B.18 of
the Appendix discusses the
"Bore" keyword data.

Figure 57. Geometry tab panel for a SC1 Piece.

The three parameters on the Geometry tab panékof t
SC1 Piece window are used for PARMILA 2 beam
simulations. The parameters play a role for eaChh S
structure similar to the corresponding parametétbe
DTL (Figure 34) and the CCL (Figure 44). If onlyeon
value for the bore radius is desired, set the ddsir
value in the'Bore Radius, Low Energy" data field, and
then set the integer parametef' Cell Using Radius
Rb2" to "0" (default value). Any entry in th&ore
Radius, High Energy" data field will then be ignored.
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All PARMILA 2 radiofrequencyStructuresrequire a _

block of SuperFish data in order to carry out aigles -I\r/lri]sesingpgglityu;k())o f,'\'/leHZ pigll
or S|mulat|oq. Flgu_re 58 |Ilustrate_s a PBO _Lab s located in the PBO Lab
Document Window with a representative set of Pieces installation folder:

used for a carrying out a SC1 design and simulation Examples/Parmila

SC1 "Design Line" is Composed
of 2 Pieces:
SC1 Piece - "SC1 example ..."
COMM Piece - "sfd SC1"

Other PARMILA-2 COMM Pieces
provide data for output ("LINOUT",

"PrtBeam") and space charge
/ meshing ("SCHEFF").

Initial Beam Parameters are

<provided through:
Beam Piece - "SC1 exa..."
PARAM Piece - "StPhase"

Figure 58. PBO Lab Document Window for the
"SC1 MissingCavity 700 MHz.pbol" example.

The PBO Lab file named "SC1 MissingCavity 700
MHz.pbol" provides an example of using PARMILA-2
to design a SC1 missing cavity type of structure] a
then simulate its performance. This file is lodate
the Examples/Parmila directory installed with PBO
Lab 3.

The SC1 Piece and the COMM Piece immediately
following it in Figure 58 comprise the SC1 "Design
Line" for the example. These two Pieces repreaent
minimal Design Line which incorporates the required
SuperFish data through the COMM Piece labefezi"
sfd", but has no other Pieces that effect the desfgn o
the SC1. The other Pieces are utilized for tharbea
dynamics simulation and specifying various design o
simulation outputs.
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Similar to the DTL, CCL and CCDTL structures,
various options are available to override (or rep)a
the basic SC1 design goals with other criteria.r Fo
example, the specification of individual quadrupole
parameters can be imposed upon the design and
simulation of an SC1 structure. The set up of éhes
additional conditions utilizes various PARMILA-2
Parameter (PARAM) and Command (COMM) Pieces,
similar to the examples illustrated for the DTL d¢&e
(see Figure 35). The PARMILA-2Parameter
(PARAM) and Command (COMM) Pieces are
described in a later Section of this manual.

Figure 59 illustrates part of the design sectiornthef
'Parmila.out’ file for the "SC1 MissingCavity 700
MHz.pbol" example. This SC1 example has 1 Layout,
5 cells per Segment, with ever{ &egment "missing"
(m=3). The quadrupole Lattice is a DFDF type,
meaning that the firstull-length quadrupole (located
after the ¥ Segment) is defocusing (D) in the
horizontal, or x, direction. There is an initialf-
lengthquadrupole at the Structure entrance (before the
1% Segment) which has the opposite polarity.
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Figure 59. A portion of theéParmila.out' file, following completion of the menu
command'write and Run 'input.LIN' ", for the example file "SC1 MissingCavity 700
MHz.pbol".
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Grouped Segments SuperConducting
(SC2) Linac Piece

The second type of superconducting structure ddaila SC2 Piece

in PARMILA 2 is referred to as the grouped segments

superconducting (SC2) linac structure. This tye O Both singlet and doublet
superconducting structure has quadrupoles locatedquadrupole lattices can be
between groups of segments and differs in several Used with a PARMILA 2 SC2
ways from the SC1 structure. For example, either >

singlet or doublet quadrupole lattices can be weida

SC2 structures. The parameters for the SC2 Piece a

grouped into four (4) categories:

RF Field

Quads & Segments

Segment Layouts Nominal Final Energy should
Geometry be larger than design objective

) ) . Last Cell Number will be the
The Piece Window for the SC2 Piece has one tabl pane final cell actually used in SC2.

for each of these parameter groups. The RF Faddd|t
panel appears in front when a SC2 Piece window |s
opened. Figure 60 illustrates the tab panel ferRifr ‘ Frequency Harmonic for SC2

. . .. . i Itiple of the (D t
Field parameters, which is identical to that of §@L. Wdow) " Clobal - Fremeenor

and sets Frequency of SC2

Initial Synchronous Phase

Two options are available for
the Energy Gain Goal:

The Axial Electric Field value
is used if the Energy Gain
/Goal is Constant Axial Electric

%

Field Eo

SuperFish Data Frequency
\ may be different from the
Frequency of SC2; PARMILA

2 will scale data

Figure 60. RF Field tab panel for a SC2 Piece.
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The Nominal Final Energy and
Initial  Synchronous Phase
parameters on the RF Field
tab page of the SC2 Piece
correspond to the following
parameter numbers in Table
IV-10 of the Appendix:
1,2

The parameters Last Cell
Number, Frequency of SC2,
SuperFish Data Frequency,
and Beam Dynamics Phase
Shift specify the corresponding
data for the SC2 Structure line
appearing in the PARMILA 2
input file "input.LIN".

The SC2 Structure supports
both doublet (Figure 61) and
singlet (Figure 62) lattice
configurations.

Segment | Segment

dSeg —

The RF
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Field tab panel for the SC2 Piece window is

the same as the RF Field tab panel of the SC1 Piece
(Figure 53). The discussion following Figure 53 is
applicable to the SC2 Structure as well. A few
summary items of that discussion are included & th

sidebars

of the next few pages, but users may teish

review the SC1 discussion in more detalil.

The SC2 Structure can be designed using either a
guadrupole doublet or a quadrupole singlet focusing
Lattice Figure 61 illustrates an exampleosfe Layout

for a SC

2 with doublet quads after every 3 segments

Figure 62 shows a similar Layout example for a SC2
Structure that uses singlet quads after every 3
segments. The transverse quadrupole Lattice period
for the singlet Lattice is generally longer tham o

doublet

Lattice. General properties of each SC2

Layout and Lattice are specified with parametershen
Quads & Segments tab panel, illustrated in Figde 6

N+

<—ygs

Quadrupole Segment N+

dSeg

]

< 2%eg+dqs —

L
Transverse p

eric

double
édSeg \
— O
Nceishgl /12 —] <
dds
kil
LQua(

Figure 61. Layout for a grouped segment superodiy linac (SC2) using
guadrupole doublet focusing, not to scale, from épx Figure I11-8.
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Quadrupole Seament N+
Segment | Segment N+ single g
D
OO0
LQuad% <
L

Transverse peric

Figure 62. Layout for a grouped segment superodiy linac (SC2) using
guadrupole singlet focusing, not to scale, from é&mqtix Figure 111-9.

Figure 63 shows the Quads & Segments tab panel for :

. . . PARMILA 2 duct
the SC2 Piece window. The SC2 structure hierarchy stycture hierafcuh@?rcon Heind
follows the same pattern as for the SC1. A primary . STRUCTURE
difference is that the quadrupole details (gradient A sTRUCTURE is comprised
length) are specified for each Layout in an SCthama of a Number of Layouts.
than for the whole Structure as in the case of@.S . Ayout
The Quads & Segments tab panel reflects this one LAYOUT is composed of

difference - only the top-level Structure inpute @an anumber of SEGMENTS. The
number is computed by

the Quads & Segments tab panel. PARMILA 2 for each LAYOUT.
. . . . « SEGMENT

The "Lattice Type" popup switch is used to specify t.ch SEGMENT in a LAYOUT

whether the SC2 Structure will usginglet Quads" or contains the fixed Number of

"Doublet Quads". If a doublet type lattice is selected, Cells per Segment.

then the'Polarity for Doublets” popup switch assigns the | ., s

polarity for the first quad in each doublet. TRelarity Detailed cell parameters will
for Doublets" setting is ignored if a singlet type lattice is  be computed by PARMILA 2.
selected. A half-length entrance quad may be dexdu

using the'Quad at Tank Entrance” popup switch.
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Lattice Type determines quad
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arrangement for Structure
Polarity for Doublets only \

applies if Doublet Quads is

selected for the Lattice Type\>
Quad at Tank Entrance //>

has 2 possible choices

Number of Layouts mustbe at __—— ",

least 1 and not more than 10 /
All Layouts for an SC2 Piece

will have the same
Number of Cells per Segment

The parameters on the SC2

Quads & Segment tab page

(except Polarity for Doublets)

correspond to the following

parameter numbers in Table

IVV-10 of the Appendix:
56,34

The Polarity for Doublets is
utilized in conjunction with
parameters on the Segment
Layouts tab page of the SC2
Piece window (Figure 64).

The parameters selected on
the Quad & Segments tab
panel will impact the use of
certain parameters on the
Segment Layouts tab panel.

Figure 63. Quads & Segments tab panel for SC2Piec

The remaining 2 top-level SC2 Structure parameters
appearing on the Quads & Segments tab panel
determine theNumber of Layouts" and the"Number of
Cells per Segment". These parameters are identical to
the parameters with the same names that appelae at t
top of the SC1 Segment Layouts tab panel (Figuje 56
Their functionality is also the same for SC2 Stuues.

The Segment Layouts tab panel for the SC2 Piece is
illustrated in Figure 64. Five of the first sixrpeneters
appearing on the SC2 Segment Layouts tab panel are
the same as the parameters of the same name gbat al
appear on the SC1 Segment Layouts tab panel (Figure
56). The first two are the popup switcha&sdividual
Segment Layouts" and"Use this Layout". These switches
are used in the same manner as those of the SC4: Pie
Set the'Use this Layout" popup switch tdyes" for each
layout number that is to be used. For examplé)af
"Number of Layouts" is set to 4, then the switch needs to
be set to"Yes" for "Segment Layout 1 Parameters",
"Segment Layout 2 Parameters”, "Segment Layout 3
Parameters" and"Segment Layout 4 Parameters".
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<  Each Segment Layout to be

used, i.e. each Layout number
less than or equal to the

‘Number of Layouts' entered
on the Quads & Segments tab,
must have 'Use this Layout' set

to "Yes"

Segment Layout 'x' Parameters
switch selects input fields for
the next 11 parameters for
Layout number 'X":

Use this Layout

Starting Velocity (v/c)
Energy Gain per Segment
Segments Between Quads
Distance Between Segments
Space for Quadrupoles
Magnetic-Field Gradient
Effective Quad Length
Magnet Locations
Sequencing for Singlet

‘:/Distance Between Quads

A

A

A

A

A 4\ 1& {k 4L T

Individual Layout parameters:
Starting Velocity (v/c)
Energy Gain per Segment

The next SC2 two parameters on the Segment Layouts Seds Between Quad Spaces
" . . N " . Distance Between Segments
tab panel;'starting Velocity (v/c)" and"Energy Gain per and
Segment", are also the same as the corresponding Space f%r ngdryﬂole.s ]
correspond to the following five
parameters on the SC1 Segment Layouts tab panel.mréImeter numbers in Table
Values for these should be entered for each seting  1v-10 of the Appendix:
the "Individual Segment Layouts" switch for a layout 7,8,9,1011
number that is to be used in the SC2 design. &hesv Individual Layout parameters:

for the "Starting Velocity (v/c)" should be an increasing Magnetic-Field Gradient

Figure 64. Segment Layouts tab panel for SC2 Piece

function of the layout number. anEdffGC“VG Quad Length
Magnet Locations
The SC2 parametebDistance Between Segments" also are used for both Singlet Quad

has the same characteristics as the corresponeig S ah”d Doublet Quad ChoilceS_ of
parameter, but the integer parametgegs Between the SC2 Lattice Type selection

. ) ) : (Figure 63). The usage of the
Quad Spaces" IS unique to the SC2 Piece. Figures 61 |emaining parameters depends
and 62 illustrate examples where ttgegs Between upon the Lattice Type.

Quad Spaces" are equal to 3.
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Individual Layout parameter:
Sequencing for Singlet

is only used for the Singlet

Quad choice of the SC2

Lattice Type selection.

Individual Layout parameter:
Distance Between Quads

is only used for the Doublet
Quad choice of the SC2
Lattice Type selection.

The Polarity for Doublets
appearing on the SC2 Quads
& Segments tab panel (Figure
63) is also utilized with the
PARMILA 2 'QuadDoublet'
keyword line in the input file
"input.LIN".

The 'QuadSinglet’ keyword line
is discussed in Section IV.A.21
of the Appendix.

The 'QuadDoublet’ keyword
line is discussed in Section
IV.A.22 of the Appendix.
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The remaining five SC2 Segment Layouts tab panel
parameters are associated with the magnetic
guadrupole lattice to be used for a given layout.
Unlike the SC1 Structure, where the quadrupolékatt

in the same for all layouts, the SC2 Structure lgan
used for layouts in which the parameters of theckt
guadrupoles are different in each layout.

The"Space for Quadrupoles" defines the physical length
of the additional space between segments withirchvhi
the quadrupoles (singlets or doublets) are locaidte
"Space for Quadrupoles” is the distance indicated bysd
in Figures 61 and 62.

The SC2 Segment Layouts tab panel parameters
discussed to this point all appear in the main
PARMILA 2 input file "input.LIN" following the
PARMILA 2 keyword "SC2". The remainder of the
parameters on the SC2 Segment Layouts tab panel,
which give the details of the quadrupole Iattice
parameters, will appear after one of two other ijdess
keywords: "QuadSinglet" or "QuadDoublet". The
PBO Lab PARMILA-2 Module keeps track of all
parameter settings, and writes all necessary and
sufficient data in the correct order to the PARMIRA
input file "input.LIN".

Note that for a doublet lattice, the value for tBpace
for Quadrupoles” should be greater thatwice the
"Effective Quad Length" plus the "Distance Between
Quads". For a singlet lattice, the'Space for
Quadrupoles” need only be greater than th&fective
Quad Length". The Guidance Limits for th&space for
Quadrupoles" parameters reflect these requirements.
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The SC2 Geometry tab panel is the same as the

corresponding SC1 Geometry tab panel (Figure 57).

The three parameters on the Geometry tab panakof t

SC2 Piece window are used for PARMILA 2 beam The parameters on the
dynamics simulations. The parameters play a e f S)fogigysfgg pg’(‘)’:‘ge tk*;ev‘jg:z
each SC2 structure S|mlla}r to the corresponding . . . PARMILAZingut file
parameters of the DTL (Figure 34) and the CCL “inputLiN". Section IV.B.18 of
(Figure 44). If only one value for the bore radiss the Appendix discusses the
desired, set the desired value in tBere Radius, Low "Bore” keyword data.
Energy" data field, and then set the integer parameter

"1%' Cell Using Radius Rb2" to "0" (default value). Any

entry in the"Bore Radius, High Energy" data field will

then be ignored.
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Specialized PARMILA-2 Optics Pieces

The PARMILA 2 code has a few specialized optics
elements that are not found in most other optickeso
These include the PARMILA 2 funnel and chopper
elements.  These specialized, or custom, optics
elements are accessed using the PARMILA-2 Optics
Pieces submenu on the PARMILA-2 commands menu.
Selection of the PARMILA-2 Optics Pieces menu item
opens the window illustrated in Figure 67.

Figure 67. The PARMILA-2 Optics Pieces window
lists all of the specialized optics elements usgdhe
PARMILA-2 Module.

The PARMILA 2 funnel and chopper elements do not
include any external fields in their physics models
They only impact the beam simulationdirectly,
through affects introduced by space charge.
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Specialized optics elements
utiized by the PARMILA-2
Module are accessed from the
PARMILA-2 Optics Pieces
menu. These  specialized
Optics Pieces are only used by
the PARMILA-2 Module, they
are ignored by other PBO Lab
Optics Modules.

Note: Some or all of the
specialized PARMILA-2 Optics
Pieces may be incorporated
into the Palette Bar in future
releases of PBO Lab.
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Table 2. Summary of output files created by Parexe.

(to be completed)

File Name Description PARMILA-2 Command Comment
Parmila.out PARMILA Main Output File Write and Run ‘input.LIN' Always written
Design.out Beam Dynamic Design Detail Write and Run ‘input.LIN' Use LINOUT Command Piece
Beam.out Write and Run ‘input.LIN' Use PrtBeam Command Piece
EOprof.out Write and Run 'input.LIN'
Quad.out Write and Run 'input.LIN'

QuadErrs.out
QuadPos.out
WallPwr.out
parmila.plt

LinGraf binary data file

Write and Run 'input.LIN'
Write and Run ‘input.LIN'
Write and Run ‘input.LIN'
Write and Run 'input.LIN'

Use POWER Command Piece
Use PrtBeam Command Piece
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