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1. Getting Started

The PSI Code Modules for PBO Lab are based upon
the Open Architecture Software Integration System . pgo Lab 3.0 User Manual
(OAS|STM) Module Builder. The OASIS Module Supplement describes the PSI-
Builder is used to create Application Modules foe t TURTLE  Module.  Features
Particle Beam Optics Laboratory (PBO Lab™) speciiic to the Module are
. . discussed here. The main (Basic
software. This User Manual Suppleme_nt describes Package) PBO Lab User Manual
the use of the PSI-TURTLE Module within the PBO  provides general information on
Lab framework. Refer to the PBO Lab User Manual the PBO Lab user interface.
(Basic Package) for general information on the PBO

Lab user interface.

Overview
PBO Lab provides an intuitive,

The PSI Code Modules are available commercially inieractive, user friendly, graphic
as PBO Lab Modules. The PSI executable physics interface customized to the needs
programs may be downloaded from the Paul Scherrer of the accelerator community. A
Institute website (www.psi.ch) and include the PS| [umPe of fppicaton Woctles
versions of TRANSPORT, TURTLE and associated |.p tre OaSiS Medule Buider
programs.  This Section of the User Manual extends the utility of the PBO Lab
Supplement provides an overview and introduction software by allowing researchers
to the PBO Lab PSI-TURTLE Module. The 0 @ea® 0ot own Appleaior
installation of the PSI-TURTLE Module is ngg i,lozzles Wer: C'reatej with
described, a summary of the PSI-TURTLE Module the 0ASIS Module Builder.
command structure is presented, and the PBO Lab -
Pieces supported by the PSI-TURTLE Module are ™¢ PS't;lTURTLE Module “t"'zez
listed. For information on the physics and other giror e’ Patiane L0 S
features of the PSI version of TURTLE, also known are part of the PSI Graphic Turtle
as "Graphic TURTLE," please refer the Framework by U. Rohrer based
documentation provided by the Paul Scherrer o0 @ CERN-SLAC-FERMILAB

. . . ion by K.L. B tal. Thi
Institute website (see Section 6). Doy - rownsip;eme:t

describes how to use the PSI

Section 2 of the User Manual Supplement describes "Graphic  TURTLE"  program
the Commands submenus for the PSI-TURTLE ‘githi”. ;he PtEFO Lab ffameWC;Lk-
H H H or Intormation on usin e

Module. Sgctlon 3 des_crlbes the Opt!cs and L /sLAc versions of TUgRTLE
Command Pieces.  Section 4 summarizes the jease see the PBO Lab User
Auxiliary Input, List Windows and Options available Manual Supplement for the

to the user. Section 5 presents selected examples. TUETlLE and DECAY-TURTLE
Modules.



You will need to have PBO
Lab 3.0 (or later) in order to
utilize the PSI Code Modules.
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
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Installing the PSI -TURTLE Module

The PSI-TURTLE Module requires two components:

1. The OASIS Module Specification Documents, and
2. The PSI physics and related programs.

The OASIS Module Specification Documents are files
with extension .omod, The PSI-TURTLE Module
includes two: OASIS-PSI-TURTLE.omod and OASIS-
PSI-TURTLE-graphics.omod. The PSI physics
programs that will be needed include the files
"turtle32.dll", "gratur32.exe” and 'ix_nigz.di".  To install the
PSI PSI-TURTLE Module these files need to be in
specific locations on your computer's hard drive.

1. Move (or copy) thé&les with extension ".omod" to
the folder (directory) named "OModules" inside the
folder containing the PBO Lab 36rlater)executable.

2. Set up a folder named "PSI Codes" in the folder
containing PBO Lab 3.(orlater)

Figure 1 illustrates the locations for the compdsen

~ Other files in the main directory are not illuseat

; . Ty
need to reinstall it ™ PBO Lab 3.0
a main directory <
OASIS-PSI-TURTLE.omod el TS
— .....} // \\\

OASIS-PSI-TURTLE-graphics.omod

The PSI Codes are maintained
and distributed by the Paul

— —

OModules

PBO-Lab.exe

Scherrer Institute (PSI). PSI Codes
There will be many files and Ei 1
folders (directories) appearing igure 1.

in the main PBO Lab directory.
These are not illustrated in

Figure 1. "PSI Codes" is important.

Copy the ".omodfiles to the OModules
folder and create a nefelder (directory) in the main
PBO Lab folder named PSI Codes. The exact name
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Copy the PSI physics programsturtes2.di”,

"gratur32.exe” and "ix_higz.dil" into the folder named PSI

Codes. To access the PSI-TURTLE Module you will v, will need to have PBO Lab
need to have a user license number for PBO Lab 3.03.0 or later in order to utilize the
(or later) and a CD-Kegnabled for OAS S Modules. OASIS  PSI-TURTLE  Module.
The user license number and CD-Key are included in (CASIS Modules will not work
the documentation shipped with the PBO Lab "™ FPOLaP2orearier)

software or Module upgrade. The license number | Tutoral

and CD-Key need to be entered into the PBO Lab B
Registration window after installation of the PBO
Lab software. If you are installing PBO Lab foeth e

first time, follow the instructions in the PBO Lab Do o

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

PSI Code Modules to an existing PBO Lab 3.0

installation, you will need to update your CD Key.

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

Model Mode. You will see a PBO Lab Document

Window like that illustrated in Figure 2. Undeieth

Tutorial menu select therégister" choice. A PBO

Lab Registration window will open. Enter your CD Tutorial ltem
Key and/or other data as necessary. on Menu Bar

E5 PBO-Lab - Uniilled1 *

Context Switch

e

= = Globals Regster——Lomacing |

e Shortcut Buttons

About
Particle Charge OASJS Hgdites " e 10000 930000 @& ] )
el Particle Mass: . 538280000 !me\_,r _LI 5110 2.22e+005 @ ReQISter SeleCtlon
Beam Energy 2 000000 iM&V -:J 00010 100e+010 &
Drift %

: - Beam Current ID.UDUUUU lmmp LI &.0000 00044 & Global Parametel’s
gg Frequency [ 425000000 [unz ¥] 20000 300006 @ (on 3 Tab Panels)
QL!Ud. ‘Maximum Step Size !g_mgggg Im :] 0.0020 100000 @

- Work Space
/'/ Model Space
Palette Bar

(PBO Lab Pieces)

| i Shortcut Button
= ] l0feces | Feedback (when mouse
is over Button)

Figure 2. The Tutorial menu of the PBO-Lab
Document window containsragister Selection.



After entering the PBO Lab license
number and required CD-Key for
the OASIS PSI-TURTLE Module,
the PBO Lab application needs to
be closed and then re-opened in
order to access the PSI-TURTLE
Module.

The PSI OModules folder on the
CD contains the following Module
files for the PSI-TURTLE Module:

PSI-TURTLE.omod
PSI-TURTLE-graphics.omod

Command submenus for
installed Application Modules
are accessed from the PBO
Lab Commands Menu in the
Document Window

Commands submenu for
the PSI-TURTLE Module
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Close PBO Lab by choosing Quit from the File menu.
When you re-open the PBO Lab application the PSI-
TURTLE Module will be installed. You may wish to
install certain optional items from the installai@D.

A PDF version of this user manual may be contained
the Manuals folder on the CD. A PSI Examples folde
may also be on the installation CD with PBO Lab
model files (.pbol extension) for the PSI-TURTLE
Module. If desired, copy these folders from the ©D
the hard drive folder where PBO Lab is installed.

Summary of Command Structure

A brief summary of the PSI-TURTLE Module
command structure is presented here. Individual
commands are described in more detail in later
Sections of this Supplement. Figure 3 illustrates

PBO Lab Document window with the PSI-TURTLE
Commands submenu selected
Command Menu.

E2 PBO-Lab - Example B - Modified PSHurtle fitted pbol

in the PBO Lab

File Edt View | Commands Tools Tutoral

T TRANSPORT v L 1 e e
PSLTURTLE |3 =S el | e e o
[ S rExeeiBl 8 sie
) DECAYTURTLE  » || Tracing/Tracking I Floor ©
MARYLIE > [oooe e 10000 930000 ©
TRACE 30 » L
PSITRANSPORT  » || 1875.000000 [1ev =] 05110 222005 &
Ly PSITURTLEgmphs  * IS onnnnn Timr =1 0.0010  1.00e+010 @
britt |- PSI-TURTLE > ,Write'and Run FORGOT.DAT ) .
PSI-TURTLE Plot Specification 2L L
Vit and View FOR0T DAT S
“View FOROD1.DAT 0.0020  10.0000
Run FORCOT.DAT

PSITURTLE Command Pieces
PSI-TURTLE Parameter Pizces
- PSI-TURTLE Optics Fisces

PSI-TURTLE PEC-Lab Pieces
. Pusdliary Input

List Windows »

= i | e

- - g |- = -| &g

= Iritt Drift Quad Dri e Dri 4 Ouad
RFT DRFT an-2 DRFT

DRFT

BEAM  int2-0  DRFT

—"

PEITURTLE Options

.«'| | _ »

| [2Peces |

Figure 3. PBO Lab Document Window showing the
PSI-TURTLE Module Commands submenu.
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The PBO Lab Document window illustrated in Figure

3 also shows an entry on the Commands menu forii%uaﬂéim(rf:r"i

another component of the PSI-TURTLE Module: Manual Section:
PSI-TURTLE-graphs

Write ar_id Fun FOROD.DAT
FSI-TURTLE Plot Specification 2

The Command Menu in the PBO Lab Document  vermsior

Run ‘FORDDT.DAT 2

Window contains submenus for any installed -

FSI-TURTLE Command Fisces

Simulations and Application Modules. The i I
Command Menu shown in Figure 3 includes six other | esuaiersoiseeces
installed PBO Lab  Application  Modules: B 1) 4

N

List Windows 4

TRANSPORT, TURTLE, DECAY-TURTLE,
MARYLIE, TRACE 3-D, and PSI-TRANSPORT.

PSI-TURTLE Options 4

The PSI-TURTLE Commands submenu is shown in
the side-bar with the corresponding Manual Sections
that describe the entries in more detail. The camin

o PSI-TURTLE-graphs C d
only contains one item.

Vilrte and Run Input |

The PSI-TURTLE Commands submenu is separated
into six groups. The first two groups contain
commands for generating I/O for the PSI-TURTLE
Module and for running the computation engine. The
Main Input File for the PSI-TURTLE Module is
named Forooi.DAT" and most of the commands
operate via that file. These commands are destribe
in Section 2 of this Supplement.

The PSI-TURTLE Plot Specification Command is
also described in Section 2. Those commands are
used to display PBO Lab Plot Tool Windows. The
PBO Lab Plot Tool Windows can be used to quickly
view various displays of the final beam distribatio
without the need to set up specific PSI-TURTLE
distribution plot (histogram) requests.



Wiite and Run FORGDT.DAT'
FSI-TURTLE Plot Specification

Wiite' and View ‘FORGCT.DAT
View FORDIT.DAT
Run 'FOROOT.DAT

—» PSLTURTLE Command Pisces
—— PSITURTLE Pamameter Pisces
—— PSI-TURTLE Optics Pieces

—— P P5ITURTLE PEO-Lab Pieces

Aveliany Input 3
List Windows: 4

PSI-TURTLE Optians

PSI-TURTLE Module Commands
submenu has four (4) Piece
creation commands.

Wiite and Run FORGDT.DAT'
FSI-TURTLE Plot Specification

Wiite' and View ‘FORGCT.DAT
View FORDIT.DAT
Run 'FOROOT.DAT

PSI-TURTLE Command Fisces
PSI-TURTLE Parameter Fieces
PSI-TURTLE Optics Pieces

PSI-TURTLE PBO-Lab Pieces

——P Audliany Input 3
—— List Vindows 4
> PSI-TURTLE Optiens

Auxiliary Input, List Windows and
Options for the PSI-TURTLE
Module are also accessed from
the Commands submenu.
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The next group of commands in the PSI-TURTLE
Commands submenu focuses on the different types of
beamline elements (Pieces) that are supported dy th
PSI-TURTLE Module. PSI-TURTLE Module 1.0
utilizes only three of the four Piece types listedhe
menu: there are no PSI-TURTLE Parameter Pieces.
This may change with future versions of the PSI-
TURTLE Module. The Piece creation commands are
discussed in Section 3 of this Supplement.

The next command group contains a submenu for PSI-
TURTLE Auxiliary Input. There are two items in the
Auxiliary Input submenu that can be used to add
additional text directly to the PSI-TURTLE Main nip
File (FOroo1.DAT). One is for Header Instructions” tO
follow the Header Section of the Main Input Fileda
the other is for Footer Instructions” t0 precede the Footer
Section of the Main Input File. These are desdriine
Section 4 of this Supplement.

The List Windows commands are used to display
results from different types of parameter and lizaigel
searches over a beamline model. These commands are
also described in Section 4 of this Supplement.
Although these commands are not utilized direcity b
the PSI-TURTLE Module, they provide information on
parameters utilized by other PBO Lab Modules.

The final entry on the Commands submenu is used to
open the PSI-TURTLE Options window. Section 4 of

this Supplement illustrates the Options window and

describes the PSI-TURTLE Options available.
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Summary of Supported Pieces

A summary of the Pieces supported by the PSI-
TURTLE Module is given here. The different types of
Pieces include (a) PBO Lab "Palette Bar" optics
elements that are supported by PSI-TURTLE and by
most other PBO Lab Application Modules, as well as
(b) custom Command, Parameter and Optics Pieces
developed specifically for the PSI-TURTLE Module.
The PSI-TURTLE Module does have any custom
Palette Bar Pieces although this may change in a future
release. Of course, as described in Section 8 the
several custom PSI-TURTLE Pieces that are accessed
using the Commands submenu items for various Pieces

]
Drift Quad Sehiid Edge
Beam Drift Quadrupole  Solenoid  Sector Bend Bend Edge
Mamker ARME Fiobate Sext. Oct. Phestins
Marker Centroid RMS Beam Rotate Sextupole Octupole Plasma Lens

@ 4] i o X

Aperture Matriz “M,g | ESOHFF ESCHHE
Aperture Matrix ~ Special Params AccTube Prism ESQ-FF ESQ-HE
[- These 4 Require the ElectroStatic (ES) Palette -]

Figure 4. PBO Lab Palette Bar Pieces supportetdySI-TURTLE Module.
Note that the electrostatic elements also reqbhedPBO Lab ElectroStatic Palette.
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Principal PSI-TURTLE Commands

A summary of the PSI-TURTLE Module command
structure was given in Section 1 and illustrated in
Figure 3. This Section describes the first fivg (5
commands in the PSI-TURTLE Module submenu
shown in the side-bar. Sections 3 and 4 deschbe t
remaining Commands.

The first command provides a general command to
execute the PSI-TURTLE Module computation engine.
When selected, the white and Run 'FOR001.DAT”
Command will write a Main Input File for the
beamline in the Document Window, then run the
computation enginetutiez2.dil) with that input, and
finally open a window to display the output texefi
FOR002.DAT. The Main Input File AOR001.DAT) i
written but not displayed by this Command. Instead
the Main Output File Aoroo2.0AT) is opened and

displayed as soon as the computations are completed

Figure 5 shows an example of the result for thete"*
and Run 'FOR001.DAT” Command.

F FORDO2 DAT
File Edt Font

Aumiliany Input 3

Manual Section:

Write and Run 'FORODTDAT €44+———

FSI-TURTLE Plot Specification 2

Write and View ‘FORCCT.DAT
View "FORDO1.DAT

Run ‘FORO0T.DAT 2

PSI-TURTLE Command Fisces

PSI-TURTLE Parameter Fieces 3

F5I-TURTLE Optics Pieces
PSI-TURTLE PBO-Lab Pieces

List Windows: 4

PSI-TURTLE Options 4

PSI-TURTLE Module
Commands submenu

H b

EXAMPLE B — MODIFIED PSI RUN MONDAY, JUHE 06 2016
(*** OASTS FEO-LAE MODULE FOR PSI-TURTLE VERSION 0.9 .3 0 =xx i
1po00

Hext label truncated to 4 characters.
17. #ORDE~ 1.000000;
*% 1=t order ==

Hext label truncated to 4 characters.

Turtle32 DLL computational part for Turtle Framework., compiled by U. Rohrer (PSI). 5-May-2004

16.00 ~MASS~ 3.000000 3669.283203;
Hext label truncated to 4 characters.
16.00 SCHARS 29.000000 1.000000;
16.00 <SEED 30.000000 1.000000;
15. s s 11.000000 SMEVCA 0.001000 =
15. - I 12.000000 SMEW ~ 0.001000 =
16.0 <F100- 190 .000000 0.000000 100.000000;
(%% BEAM UHITS ARE CM, MRAD, CM, MRAD, CM, XDP-F., MEV-C = 3]
(*xxx CURRENT VALUE OF PSI-TURTLE MODULE OPTION RMSTOBOUNDARY = 1.118034 sxx ]
Hext label truncated to 4 characters.
1] <6=D11~ 24000000 0.000000;
(e USE OPTION RMSTOBOUNDARY OF 1.118034 FOR PEO-LAB BND EMIT = GX RMS EMIT == ]
1.000000 ~BEAM~ 0.601438 26.102430 0.527136 25.537601 1.024674 0.945052 86626007 ;
(== CORRELATIONS: C21 C31 C32 C41 C42 C43 C51 C52 C53 C54 Cel Ce2 Ce3 Cod Chb ==
12. SCO0RS —0.952111 0.000000 0.000000 0.000000 0.000000 0.934271 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 —0.121000;
Hext label truncated to 4 characters
51.0 _IH~ 1.000000 —0.800000 0.800000 0.029630;
52.0 I ' 2.000000 —35.000000 35.000000 2.413793;
Hext label truncated to 4 characters.
51.0 ~_IN~ 3.000000 —0.800000 0.800000 0.029630;
52- 0 I i 4.000000 —35.000000 35.000000 2.413793;
3.0 ~DRET~ 0.173000;
5.00 001~ 0.096000 —2.244760 1.000000;
3.0 ~DRFT~ 0.039750:

Figure 5. Main Output File after &/tite and Run 'FOR001.DAT” Command.
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‘Wiite and Run FOR0D1.DAT
————p PSI-TURTLE Plot Speciication

Write and View ‘FORODT.DAT'

‘iew FORDD1.DAT'

Run 'FORDD1.DAT

PSLTURTLE Command Pieces
PSI-TURTLE Parameter Fieces
PSI-TURTLE Optics Pieces

PSI-TURTLE PBO-Lab Pieces

List Windows »
PSI-TURTLE Options:

The Command PSI-TURTLE
Plot Specification is used to
provide quick views of the
beam distribution at the end of
the beam line.

After a Write and Run
'FOR001.DAT' command has
been executed, for a beamline
with a least one PSI-TURTLE
Command (COMM) Piece
requesting a histogram, then
selecting any plot option from
the list will open a PBO Lab
Graph Tool Window displaying
data for the output beam.

2CHHD

comm
Fiece

The beamline on the Model
Space must contain at least
one COMM Piece requesting a
histogram for data to be written
to the file FOR11l.dat. See
Figure 14 for a list of PSI-
TURTLE COMM Pieces
including those that are used
to request histograms.
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The exampleoroo2.pAT file illustrated in Figure 5 is
for the PBO Lab model file “Example B - Modified-
fitted PSI-TURTLE.pbol”. This example is described
in more detail in Section 5, PSI-TURTLE Module
Examples.

The ‘“PSI-TURTLE Plot Specificaton” command is also
found in the first group of commands for the Module
This command provides a listing of commonly used
PBO Lab Plot Specifications defined for the PSI-
TURTLE Module. Figure 6 illustrates the PBO Lab
Plot Option window that is opened by this Command.
The list window provides for each plot option: {ag
Type, (Scatter Plot or Histogram), (b) a Descriptid
the plot specification, (c) the Data File Name that
provides the distribution data and (d) an Open
descriptor (which is alwaysmanual" for the PSI-
TURTLE Module).

E2 PSLTURTLE Plot Options %]
[ 7vee | Description | DataFieName | Open [

Final Beam Momentum Profile FOR111 dat

Final Beam Momentur vs Xp FOR111 dat

Final Beam p Profile FOR111 dat

Final Beam Yp vs  FORItidat |

Flot Zelection

Figure 6. PSI-TURTLE Plot Options window.

Making a selection from the list and pressing thiet*
Selection” button will process that Plot Option
selection and display the data if?BO Lab Plot Tool
Window, not a Graphic TURTLE Hlez_o1" window.

14
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After a “write and Run 'FOR001.DAT” Command as been

executed, resulting in the display of

FR002.DAT

output file such as that shown in Figure 5, thgrica
option may be selected from the list illustrated in

Figure 6 and theriot selection button used to open a

display of the final beam distribution data for ttha
option. Figure 7 illustrates this for theinal Beam Xp vs
x" scatter plot of the PBO Lab model “Example B -

Modified-fitted PSI-TURTLE.pbol".

E2 PSLTURTLE Plot Options %]
[ mpe | Description | DaaFiename | open [=
Final Beam FOR111 dat

tum Profile

Final Beam Xp Profile

Final Beam ¥'p Profile

Prjn-ti Cop)_tl_ Treree _'Syfs“,:;:'s';'ﬂ; :

Each PBO Lab Plot
Window

supports

: FORIT1dat | Manual other capabilities.
- Seatter ~FinalBeamXpus X R
Histogram Final Beam ¥ Profile e =1

ﬁ)ﬂpvs)(erPlot (=] E3

Tool
setting

scales, zoom, copy, print and

Final Bzam ¥p e ¥

l 14400000 |

72000 |-

Plot Selection | w0000

All PBO Lab Graph Tool Windows
automatically set default scales for
each display to assure that all data
is included. The 'Set Scale' feature

72000

[ Bhift-Click for Position -

Horz ;

Mert:
i1 'vI

LEGEND

4 Pen Width

10001 pte
XPve X

o

has been used to adjust the scales
for comparison to other results (see

-14.400000
I -1.070000

=0,5350 4.0000

X mrad) vs X {cm)

0:5350

I 1.070000

Figure 24 in Section 5),

Figure 7. Selecting a PBO Lab Plot Option for#&-TURTLE Module.

The second group of commands in the Commands
Menu provides individual commands to Write and

View, View, or Run theroroo1.0AT Main

This separates the steps that are encapsulatedhmto

combined fvrite and Run 'FORO001.DAT”

Examples of usingwite and View 'FOR001.DAT’

in Section 5.

15

Input File.

Command.
" are given

‘Wiite and Run FOR0D1.DAT

PSI-TURTLE Plot Specification

‘iew FORDD1.DAT*

Wite and View ‘FORDDT.DAT <
4.

Run 'FORO0T.DAT -

PSITURTLE Command Pieces
PSI-TURTLE Parameter Fieces
PSI-TURTLE Optics Fieces

P5I-TURTLE PEO-Lab Pieces

Aupiliary Input i
List Windows »
PSI-TURTLE Options:




The Main Input File is
organized into four sections:

Header

Lattice

Lines

Footer
The PSI-TURTLE Module uses
the Header, Lattice, and
Footer Sections, but not the
Lines Section. Figure 23 in
Section 5 illustrates these
sections of the Main Input File.
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The “write and view...” Command will cause a new Main
Input File to be written and opened for viewingt bu
will not execute a computation. Theiew...” command
will open an existingroroo1.0AT Main Input File, but
again will not cause any computation. Theun.”
command will use the existing Main Input File
(Foroo1.DAT) to execute the PSI-TURTLE computation
engine (rte32.dl). These Commands are useful for

debugging purposes.

The Main Input File is grouped into four logical
sections: Header, Lattice, Lines and Footer. tWhe
writing the Main Input File, the Header section is
written first, followed by the Lattice section. &h
Lines section is not used by the PSI-TURTLE Module.
The Footer section is written at the bottom of Mean
Input File. Additional lines may be written betwee
these primary sections utilizing Auxiliary InputSee
Section 4 for additional information.

PSI-TURTLE Modulel/O

The PSI-TURTLE Module utilizes several other
input/output files. These 1/O files are the samé¢hmse
defined for the PSI computation codesrties2.di",
"gratur32.exe” and 'ix_higz.di". Table 1 gives a summary
of the main I/O files used by the PSI-TURTLE Module
and the supporting PSI-TURTLE-graphs Module.
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Table 1. Summary of main I/O files used by the AB®D PSI-TURTLE Module.

File Name Description Written By Used By
FOROO01.DAT PSI-TURTLE Main Input File PBO-Lab PSI-TURTLE Module turtle32.dll
FORO002.DAT PSI-TURTLE Main Output File turtle32.dll PBO-Lab View Menu
FOR111.DAT particle distribution data turtle32.dll PBO-Lab PSI-TURTLE Plots
" " " gatur32.exe
FOR100.DAT histogram parameter data turtle32.dll gatur32.exe
FOR222.DAT histogram parameter data turtle32.dll gatur32.exe
FORO11.DAT histogram graphics parameters gatur32.exe ix_higz.dll
hist.ps postscript file ix_higz.dll any postscript viewer/editor

PSI-TURTLE-graphs Commands

The PSI-TURTLE Module also includes a specialized
supporting Module named "PSI-TURTLE-graphs" that

| Commands  Teols Titorial

TRANSPORT *
TURTLE »
DECAY-TURTLE 3
MARYLIE »
TRACE 3-D »
PSI-TRANSPORT b

3

supports the Graphic TURTLE capabilities. The PSI- Wite and Fun Iput

TURTLE-graphs Module has only one Commanaté
and Run Input’. (Execution should follow a run of the
main PSI-TURTLE Module by using thevrite and Run
'FOR001.DAT” Command, or equivalent.) Therite and
Run Input Command will open ayratur32.exe console
window similar to that in Figure 8.

e CNOASIS\PS! Codes\gratur32 exe

Uexﬂlon 1.22b f
Compiled with D

Graphic Data are stored on FOR1IBH.DAT via

b - i. 188. ; Card in TURTLE Input—Deck.
: create with each run a new FOR1B6.DAT
: update FOR1BB.DAT with sach run.

There are 5 histograms stored on FOR1BG.DAT
All booked histogwams refer to 186006 rays
and will bhe shown in a window named HIGZ 8i.

Enter Width. Height of Screen in cm <D=19.5,19.5>
Enter number of x and y zones (D=2.2>

Fill color indices are:

2: rved, 3: green. 4: blue. 5: yellow. 6: magenta,. 7: cyan

For 1-dim ngtoglamg.

Enter color ic or Histogram,. Zone and Picture (D=2,.3.5>
For 3—dim Histograms:

Enter 3-dim indices for Histogram. Zone and Picture (D=4.5.7>

Enter Histogram_number [neg —-> clear screenl (D =

Enter LIN or LOG for type of vertical scaling <D = lin>
Enter C1,. G2, GG, CS. L, Li. L2. 8§, 51. 82, 83, 84 (D =.C1>
Selected: Contour Plot (monochromed

Enter number of contour lines <D = 18>

Uersion 1.23-89 of HIGE started

Enter pl. p2. p3. p4 for hardcopy m for metafile or CR _

Figure 8. Window opened by PSI- TURTLE -graphs
Module withgratur32.exe request for Histogram 3.

17

Compute Al AutoCales

PSTURTLE P

¥ (mrod)

PSI-TURTLE-graphs  Module
Commands submenu contains
only one item which opens a
console window similar to that
shown in Figure 8.

Histegrom 3 (hn) ol 7= 0.95% m {HFQO}

x {em)
After entering the requested
data in the gratur32.exe
console window (see Figure 8)
the requested plot(s) will
appear in a HIGZ_01 window.
The above shows Histogram 3
of the Example B - Modified-
fitted PSI-TURTLE.pbol model.
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PSI-TURTLE Palette Bar Pieces

Standard beamline elements (PBO Lab Pieces) are
located on the scrolling Palette Bar of the Documen
Window. Dragging a Piece icon from the Palette Bar
to the Model Space of the Document Window adds that
element to the beamline model and snaps it in @t th
location at which it is dropped. Pieces may also be
dropped on the Work Space of the Document Window
by dragging a piece icon from the Palette Bar.

Not all of the PBO Lab Palette Bar Pieces are
supported by the PSI-TURTLE Module. A summary
of the Pieces appearing on the PBO Lab Palette Bar
that are supported by the PSI-TURTLE Module was
presented in Section 1, Getting Started. All ef BSI-
including Pieces unique to the
Module, may be accessed using three of the fomrsite
appearing on the PSI-TURTLE Commands submenu:

PSI-TURTLE Command Pieces
PSI-TURTLE Parameter Pieces (not used)

TURTLE Pieces,

PSI-TURTLE Optics Pieces

PSI-TURTLE PBO-Lab Pieces

Selecting the menu itempsI-TURTLE PBO-Lab Pieces"

opens the window illustrated in Figure 9.

F4 PSLTURTLE Pieces

—SE&lect PSFTURTLE Piece to Create on the WorkSpace —

Beam
Special
RilSBeam
Centroid
Rotate

Dirift

Quad
Solenoid
SBend
Edge

Bend
Sextupole
Octupole
R-Aperture
Plazmalens
AccTube
Marker

-

:j

Gresteiiene

Figure 9. PBO Lab Palette Bar Pieces
Supported by the PSI-TURTLEodule.
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Standard optics elements (PBO
Lab Pieces) are located on the
scrolling Palette Bar of the
Document Window.

Wilrite ar_id Fun FORGDT.DAT
PSI-TURTLE Plot Specification

Write and View ‘FORCCT.DAT
View FORDIT.DAT
Run 'FORG0OT DAT

—» PSLTURTLE Command Pisces
PSI-TURTLE Parameter Fieces

—— > PSI-TURTLE Optics Pieces

— p PSITURTLE PBO-Lab Pisces

Aumiliany Input 3

List Windows: 4

PSI-TURTLE Optiens

The PSI-TURTLE Commands
submenu utilizes three (3) Piece
creation commands.
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Selecting one of the items from the list on thé¢ $&de

of the PSI-TURTLE Pieces window illustrated in
Figure 9 will activate the'create Piece” button. A
corresponding Piece is created on Work Space of the
Document Window when thécreate Piece” button is
used.

Any Piece created using the PSI-TURTLE Pieces
window will be identical to one created from the
Palette Bar. The window simply provides a list of
Palette Bar Pieces supported by the PSI-TURTLE
Module. The list in the PSI-TURTLE Pieces window
may include more items than shown in Figure 9 as th
number of supported Palette Bar Pieces is increased

Many of the PBO Lab Pieces for describing transport
lines (drifts, quadrupoles, bends, etc.) are suppddny
the PSI-TURTLE Module. The set up of transferdine
and the selection of parameters for the individual
Pieces in a transfer line, follow the standard AED
procedures used for any PBO Lab Optics Application
Module.
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PSI-TURTLE Parameter & Optics Pieces

There are no Parameter Pieces in PSI-TURTLE

Module 1.0. This may change in a future release. Windows  showing  the
available Parameter or Optics

. . . Pieces are accessed from the
One custom Optics Piece has been defined for tihe PS psi-TURTLE Commands menu

TURTLE Module, and it is listed in the “PSI-TURTLE
Optics Pieces” window illustrated in Figure 10.

Viite and Run FORODT.DAT
PSI-TURTLE Plot Speciication
=] E3

Wiite' and View ‘FORGCT.DAT

E& PSITURTLE Parameter Pieces

[~ Select PSFTURTLE Piece to Create on the WorkSpace —
Wiew FORDD.DAT

= | Fun FORDDT DAT

PSI-TURTLE Command Fisces
PSI-TURTLE Paramater Pisces €H——

[.1] = PSI-TURTLE Optics Pieces ~ €4——
g PSHFTURTLE Optics Pieces
- = MEIE] PSI-TURTLE PEO-Lab Pieces
(—Select PSETURTLE Piece to Create on the WorkSpace — =
Vel Aunliany Input 3
Material Scatterer :j L L

ExB Separator List Windows 3
Wien Fitter
OBSOLETE OPTICS PIECES BELOW THIS POINT PSI-TURTLE Optiens

Parameter Pieces are not
currently used in the PSI-
TURTLE Module

Custom Optics Pieces used by
the PSI-TURTLE Module are
= accessed from the window:
PSI-TURTLE Optics Pieces

Figure 10. Parameter Pieces (none) and Optics fiece

defined specifically for the PSI-TURTLE Module

The "Material Scatterer” Optics Piece is an important f;,i? SLu%bpoF:féguebyBiLep'icgf
feature of the PSI-TURTLE Module. The capabilities TURTLE Module are listed in
of the "Material Scatterer” is One of the main features that e = PSFTURT Froure o
distinguish the PSI-TURTLE Module from the

standard PBO Lab TURTLE and DECAY-TURTLE f a custom Optics Piece

. becomes "obsolete', e.g. if it is
Modules. The'Material Scatterer Piece encapsulates the epjaced by a PBO Labgpa|ette

combined effects of multiple scattering, nucleasat Bar g’iEcF, tf;]enl it will be

: : : moved below the line in Figure
scattering, and absorption that are modeled irPtiie 10 starting with OBSOLETE.
TURTLE physics code. The use of theterial Scatterer" The discussion near Figure 15
Optics Piece is illustrated on the next few pagéth in regards to OBSOLETE

Command Pieces applies here

additional material in the PSI-TURTLE Examples, .swel
Section 5.
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OFTICS
Fiece

Unique Optics Pieces defined
for the PSI-TURTLE Module are
created using the PSI-TURTLE
Optics Pieces window.

Use this button to hide/show
the Global Parameters pane

The PSI-TURTLE Optics Piece namedvatérial
scatterer” 1S used to simulate the effects on a beam due
to matter in the beam line. Theréate pPiece” button in
the Parameter Pieces window is used to create the
selected Piece on the Work Space of the Document

PBO Lab 3.0 User Manual Supplement: PSI-TURTLE Modu

le

window. This is illustrated in Figure 11.

E# PBO-Lab - Double Scattering Example.pbol =

Fle Edt View

IPSI—TURTLE |

4 4]

MULT

Npands  Tools  Tutoral

Dl <3/ B B 4

Ef PSLTURTLE Opics Pieces [ olx]

~ Select PSLTURTLE Piece to Create on the WorkSpar

ExB Separator
Wien Fitter

OBSOLETE OPTICS PIECES BELOW THIS POINT

Create Piece:

Parameters Value Units Guidance Limits

5! Type: Aperture=1 Block=0 I 0 o g
i | | |

5| Horzontaf G Halt wieth [ 0.500000 em ~] oo tooo0o0n @
B & | : =
! = Vertical (y) Half Heigth Iu.sonuuu em i | 0.0000 1000.0000 @
NS H20 Scatterer | =0 - :: X - o
5_%""34‘9“‘*1 Segment Lenath  [g.p01000 ']m x] 1o0ed0s  ooooe @
| Optional Geometry Comment [ The defaut parameters are for 1 cc of material in beamline | &
oy R ra—— @ 4 ‘i

Green Dots to the right of a
to
indicate that the parameter
will used by the PBO Lab
the
Context Switch in the upper IPEFT'-'R'TLE

parameter are used

Module identified by

left of the Document Window.

Comments:

I scatter

E

Green Dots will appear if the
PBO-Lab Context Switch is

setto PSI-TURTLE

Figure 11. PSI-TURTLE Modul@uaterial Scatterer" Piece Example.
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The PBO Lab PSI-TURTLE Optics Piec®aterial

scatterer” contains two tab pages. The front tab page is o

for inputting the'Material Geomery” of the scatterer. The [1® PSITURTLE Optics Prece
N . . aterial Scatterer has tab pages

"Material Geometry" tab page is illustrated in Figure 11 for inputting material geometry

with the default values of all parameters. Theosdc and material properties..

tab page is for théwaterial Properties” Of the scattering

element. The'material Properties” tab page is shown in

Figure 12.
F_n_erg_yj Distarroel |
Material Geol Material Properties.
i i Parameters Value Units Guidance Limits

The Material Properties tab of the s/ Bl =t/e scattering angle [ 2221000 " [rrac =]  ostoo 20000 @
PSI-TURTLE Module "Material ;-_;;;_:WM=B-anuuerenistributinnIW' 50000 150000 @
Scatterer" Piece has parameters that Smm -fulinteracton gt [ 250000 [om =]  so0c  sogoo e
correspond to those of the multiple S{AL -absorption prodebity. [0510000 | [Fracton(ra0 7] 00000 10000 @
scattering, nuclear elastic scattering, 5{ANS =rms nuc. scat angle [49.500000 | |ad =] o000 10000000 @
and absorption model defined by Urs S{BELELandadit- W] 0.433000 [[wev [ I L
Rohrer of PSI. Refer to Urs Rohrer's SlEMoEs Sandandist ==l 1 412000 [ ey [ B ot e G
documentation for further information. * OptonalfterilDiscrton [ Thc gerout paraneters arefor 1 i segment o7 Cu |

Figure 12. The"Mmaterial Properties” Of the PSI-
TURTLE Module"material Scatterer” Optics Piece.

The "Material Geometry" tab (Figure 11) is used to define
(a) the physical dimensions of the scatterer, (b)
whether the scatterer is of the aperture type or
"Inverse" aperture type (i.e. a block of materiahd a
specification of the whether or not the "repeatploo
over the"Number of Segments” parameter (Figure 11) is to
be "fixed" to includeonly the elements of the scatterer.
If the "Fix Loop (Yes=1, No=0)" parameter is set to Yes (=1)
then no PBO Lab Pieces appearing after "theerial '
scatterer” Piece will be included in the repeat loop. The
required PSI-TURTLE "Repealihes in theroroo1.DAT
Main Input File will be included automatically.
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Each ExB Separator Optics
Piece supports up to seven (7)
longitudinal segments, with
varying length and fields, but
having fixed transverse
dimensions.  Multiple  ExB
Separator Pieces are used to
model more segmented
separators, or separators with
changing transverse apertures.
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In contrast, if it is desired to include additiorggdtics
elements within the repeat loop, then the« Toop
(Yes=1, No=0)" parameter should be set to No (=0). In
this case the user must specify the beginning add e
of the repeat loop. The PSI-TURTLE Command Piece
"Procedure Loop - Code 9" IS Used to specify these locations
in the beamline on the Model Space. (The "Code 9"
refers to thetype code used by the PSI-TURTLE
computation enginewrtes2.di.) The PSI-TURTLE
Command Pieces are discussed further in the next
subsection. The "Double Scattering Example.pbol”
model discussed in Section 5 illustrates the udsoti
types of repeat loops.

Another Optics Piece unique to the PSI-TURTLE
Module is the'exs separator” Piece appearing second in
the list of Figure 10. Figure 13 illustrates thiede
window for theexs separator Piece.

[Energy | Distance | |

someiry & Segment1 | Seqments 2, 3,4 | Segments 5.6, 7
Parameters Value Units Guidance Limits
5 %y Geametry Fixed [¥es=1) ]ﬁ— o 1
5 Hoirz. () 142 Width (ﬂ=ignure; 0.000000 I i = 0,0000° 1000000
5_,; Vert {y) 112 Height {0='@nore:! 0.000000 I T =] 0.0000  100.0000
S _SE'ngnH Length l 0.050000 im _l! 00000 1.0000
5l Segment 1 Ex Field (at end) iz_m.m i ]"‘wm :_i -10.0000 10,0000
;;}fSegmenH By Field (at end) ! 1.000000 _]ke x| -tooooo ioo000

Optional Separator Comment | Use additional EXB Pieces if x-v geometry changes (i.e. not fix

Comments:
ExB

Figure 13. PSI-TURTLE Modul&xs separator” Piece.

The ExB separator element in the PSI-TURTLE
Module is a Wien-type filter that is divided into
"segments"” longitudinally. The electric and magnet
fields are constants in each segment, but the sggme
can be of varying length and unlimited in number.
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The ExB separator Piece window has 3 tab pages. The
first tab page, shown in Figure 13, is used taupethe
first "segment” of the separator, as well as pnogd
additional information for the segments of the Biec
The first parameter on tab 1, namegd Geometry Fixed
(ves=1)", IS used to specify whether or not the transverse
geometry of the separate is changing along itstfeng
For long separators, to which the separator Piece is
typically applied, the transverse apertures oftesnge

so the default is set to "0"The value of "1" should
only be used if the Exs separator Piece is the last one a
multiple exB separator Piece model, or if the device
model uses only onexs separator Piece. Changing
apertures requires multipies separator Pieces.

The next two parameters are optional and are used o
the first Exe separator Piece to specify the initial
horizontal and vertical aperturesHoriz.(x) 1/2 width
(0=ignore)" and "Vert.(y) 1/2 Height (0=ignore)" respectively.

As indicated, these parameters are ignored if efqual
zero. Both parameters can be non-zero orfitbeexs
separator Piece. Fosubsequent ExB Separator Pieces only
one of the two aperture parameters can be non-4éro.
the "0" default is left on asubsequent ExB Separator
Piece, then the apertures remain unchanged.
non-zero value foone of the apertures to change that
aperture. If two non-zero apertures are encoedten
the samesubsequent ExB separator Piece, an error
message will appear in the output filroo2.DAT.

The next three parameters on tab 1 ofetteeseparator
Piece window are used to specify the length, hatedo
E-field, and vertical B-field, for the first segnieaf
that Piece. The length of the first segment muest b
non-zero. Tab pages 2 and 3 provided similar input
fields, for the length, horizontal E-field, and wreal B-
field, of segments 2 through 7. Zero length foy ah

the segments will cause those segments to be ignore
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The parameter named:

x-y Geometry Fixed (Yes=1)
is used as a flag to indicated if
more than one ExB Separator
Piece will be used
consecutively to model the
complete separator. The Yes
("1") choice is only used if:

(a) the complete separator can
be modeled with 7, or fewer,

longitudinal  segments  all
having the same transverse
apertures, or (b) the ExB

Separator Piece is the last ExB
Separator Piece modeling the
device..

Multiple ExB Separator Pieces
are often used to model a
single physical separator. The
first tab page of the first ExB
Separator Piece has special
significance. The transverse
aperture dimensions of the first
ExB Separator Piece will be
applied to all subsequent ExB
Separator Pieces. Only one
transverse aperture can be

Use ahanged (non-zero) on each

subsequent ExB Separator
Pieces. The other transverse
dimension must keep the zero
default value.

Not all segments of a ExB
Separator Piece need to be
used. To use only a few of the
7 segments Leave the "0"
default for the "Segment N
Length" to ignore that segment



2CMMD

comm
Fiece

Command (COMM) Pieces
that have been defined for the
PSI-TURTLE Module are listed
in the PSI-TURTLE Command
Pieces window.

Each COMM Piece will initially
appear on the Work Space of
the Document when created,
similar to that illustrated in
Figure 14.

P& PBO-Lab - Example B - Modified PShurtle fitted pbol *

Fle Edt View Commands Tools Tutoral
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PSI-TURTLE Command Pieces

The PSI-TURTLE computation engine uses a unique
set of “commands” or “operators” that provide
instructions for the physics code. These code#pec
commands are implemented using a set of PSI-
TURTLE Command Pieces, ocomm” Pieces. The
Command Pieces defined for the PSI-TURTLE
Module are listed in thepP5I-TURTLE Command Pieces”
window shown in Figure 14. Aowmm Piece is created
on the Work Space using theréate piece” button.
Double-clicking on thecomm Piece icon opens the
comm Piece window, also illustrated in Figure 14.

Ef pSLTURTLE Command Pieces

—S&lect PSETURTLE Piece to Create onthe V pace

COne Dimensicnal Histogram Plot Reguests _:l
More 1-D Hiztogram Plot Requests i
P51 1-D Histogram Plot Reguests.

Phase Ellipse Scatter Plot {2-Histogram) Reguests
Cross Section Scatter Plot (2-D Histogram) Regussts
PS! Particle Loss Scatter Plot (2-Histogram) Requests
Muttiple Scattering

Aperture Inverzsions

[parvrmie 7] HEINEDE R

Procedure Loop - Code §

= Concatenate Loss-Entries Creats Piece |
el Giobals l Tracing/Tracking ] Set FLAG location for histograms using a FLAG
Particle Charge I-W 1el Suppres Loss Hlstugram Entry fcr Labeled A
= | Particle Mass [ 1875000000 Juev =l

: Beam Energy [ 2.000000 ev =l r
_— e e [ 0.000000 | mamp

§§ Frequency 80.00 Thinz e |

e Mipdimum Step Size 0.010000 [m L

B
L
: > |
e B L
|- | oo T - [ Xp ve X Piot I ¥p s Piot
H # Vs Vs
ea -g?e"gg Dritt uu d i 4 it i £
SENE R s 04 DRFT orer | Parameters Value Units Guidance Limits
5/Xp ¥ X Plot 1=¥es, D=No) IU 0 1@
5 L3 Axis Lower Limit I -1.000000 Icm d =100, 0000 0.0000 &
| 5 - X Axis Upper Limit I 1.000000 Icm L! 0.0000 1000000 @
sl | Number of X Bins l a0 10 50 @
5l | Xp Aocis Lowssr Limit 1_1 0.000000 !mrﬂd = -1000.0000 0.0000 @
gl | ¥p Axis Upper Limit I 10.000000 Imrad _v_i 0.0000  1000.0000 &
5 : Number of Xp Bins |2|3 10 s @
Comments:
0

Figure 14. PSI-TURTLE Command Piece Example.
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Beamline models constructed with PBO Lab should

have at least one PSI-TURTLEowmm Piece that Ceran COMM Pieces may
become obsolete when

requests histogram plots. Without a histogram plotenhancements to the Module
requestcomm Piece, in the beamline on the Model are developed. The functionality

. . of obsolete Pieces will be
Space, there will be no graphic output. replaced by the enhancements.

Obsolete Pieces will continue to

The PSI-TURTLEcomm Pieces that request histogram e supported tn future BSl

plOtS, either 1-D or 2-D plOtS, appear at the td-)rlhe continued use is aiscouraged_

list in the ‘PSI-TURTLE Command Pieces” window. Figure ~ Any obsolete  PSI-TURTLE
. . Module Pieces created on the

15 shows the histogram plot requestiv Pieces. The g space will be identified by

other PSI-TURTLE Command Pieces shown in the lista new comment field that says

in Figure 15 correspond to specific operations that ~ QBSOLETE folowed by  a

PSI-TURTLE computation engine supports. toem be used instead. .

Pieces have appropriate key words and comments to

aid in their use. Embedded within the PBO Lab cbje

for each Piece are the necessary methods, for input

syntax and format, to support their use with the

turtle32.dll cComputation engine.

E3 PSLTURTLE Command Pieces [_[O]x]

—Select PSETURTLE Piece to Create on the WorkSpace —

COne Dimensicnal Histogram Plot Reguests
More 1-D Hiztogram Plot Requests

PSI1-D Histogram Plot Requests -rCOMM Pieces
Phase Ellipze Scatter Plot (2-Histogram) Requezts

Cross Section Scatter Plot (2-D Histogram) Regussts that requeSt At Iea.St one COMM Piece

Aperture Inverzsions

Set FLAG location for histegrams using a FLAG Obsolete PSI-TURTLE. If not, the data
FOR222.DAT,

PSl Particle Loss Scatter Plot (2-Histogram) Reguests hiStOgramS are requesting a histogram p|0t
Procedure Loop - Code §
Suppress Loss Histogram Entry for Labeled Apertures H 7
Energy Loss Table for dE/dz Modeling - Code 30 / Pleces flles
OBSOLETE COMM PIECES LISTED BELOW THIS POINT appear here FOR100.DAT
will not be written and no

Muttiple Scattering
at the to .
P should always be used with
Concatenate Los=-Entries
Phase Elipse Scatter Plot (2-D Histogram} Reqguests
FOR111.DAT,
graphic output will be available.

Figure 15. Always use at least one Command Piece
requesting a histogram with the PSI-TURTLE Module.
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The location withinthe beamline
(on the Model Space) of the
PSI-TURTLE COMM Pieces is
important. In addition, the
relative order of COMM Pieces
can be important.
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comm Pieces are used to implement Application
Module commands or instructions in the Main Input
File. Unlike the Optics Pieces, the Command Pieces
are not treated as physical beamline elementxuajti
they are evaluated sequentially to produce the
appropriate command instruction at the correcttiona

in the Main Input File. The PSI-TURTLE Module
Options also contain a number of instructions and
commands that are not location specific. See Qedti

for a description of the PSI-TURTLE Module Options.
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4. PSI-TURTLE Module Tools
Auxiliary Input

The PSI-TURTLE computation enginerte32.di) will
access input and write output using the Main Irgnd
Output Files. These files are described in SeQiar
this Supplement with examples given in Section 5.
Auxiliary Input may also be used to produce adddio
commands or instructions to be written at specific
locations in the Main Input File. The “Auxiliary pat”
submenu in the PSI-TURTLE Commands menu has
two commands which provide an interface for entgrin
auxiliary input that will appear in the Header $mtt

or the Footer Section of the Main Input File (seguFe

23 or Figures 34A and 34B). Figure 9 illustratesse
Header and Footer Instruction Windows. For the PSI-
TURTLE Module, there are no auxiliary inputs
required, so the windows do not contain any adukio
Instructions to be written to the Main Input Fil&ach
window contains a check box to activate or deattiva
the instructions from being written, without detefi
the text of the instruction.

E Instructions Following Header m
Subline Labels i

7~ PSFTURTLE Instructions and Commands - =
[~ Wirite Inzstrictions to Input File Following Header Section

| Instructions and Commands Text-

Subline Labels i

7~ PSFTURTLE Instructions and Commands -
[~ Write Instructions to Input File Proceeding Footer Section

| Instructions and Commands Text-

| ¥

Figure 16. Header and Footer Instruction Windows

33

Header Instructions
Footer Instructions

PSI-TURTLE Auxiliary Inputs

Auxiliary Input can be used to
generate literal commands or
instructions to be written at
specific locations in the Main
Input  File. The Header
Instructions and Footer
Instructions  write  auxiliary
input to fixed locations in the
Main Input File FOR001.DAT,

The Auxiliary Inputs are a
“catch all” method to support
some capability of the
computation engine turtle32.dll
that is not implemented with
the Application Module. These
may be  "undocumented"
features. AccelSoft is
interested in learning about
auxiliary input found useful by
users. Please let AccelSoft
know about your wuse of
Auxiliary Input and support for
them may be implemented in
the future.

E

The Marker Piece can also be
used to insert auxiliary input at
specific  locations in a
beamline. However, this
should be done with care as
the location and order of such
"in-line" commands can be
important.




‘Wite and Run FORDDT.DAT'
PSI-TURTLE Plot Speciication
Wit and View 'FORDDT.DAT
View FORDOTDAT
Run FORODT.DAT
PSIETURTLE Command Pieces
PSI TUF{TLE Parameter Pieces
PSI-TURTLE Optics Pieces
P5I-TURTLE PEO-Lab Pieces
—— L Windows ’
PSI-TURTLE Options:

The PSI-TURTLE Commands
menu item named List Windows
contains a submenu with access
to information related to various
Special Parameter Settings (SPS).

List Windows are used to
display search results for PBO
Lab SPS parameters. While
the PSI-TURTLE Module does
not use SPS parameters, a list
of such parameters used by
other PBO Lab Modules can
be viewed. Double-clicking a
selection in the list opens the
Piece Window with the
Named Parameter.

The Piece Comment (Label),
Parameter Name, Symbolic
Parameter Name  (Parameter
Variable), Value, Unit and whether
or not the parameter is assigned
as a fitting (Fit) variable in another
PBO Lab Module.
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List Windows

The “List Windows” section of the Commands
Menu for PBO Lab Modules generally provides
access to lists of various types of PBO Lab Special
Parameter Settings ('SPS" parameters). SPS
parameters can be parameters varied during fitting
or optimization, related by formulas to other
parameters, or assigned other attributes. Many PBO
Lab Modules utilize SPS parameters, but the PSI-
TURTLE Module does not. Nevertheless it is often
useful to see which parameters have SPS attributes
assigned to them by other PBO Lab Modules. The
PSI-TURTLE List Windows submenu has one item
for this purpose &ther Module Named Parameters".
Figure 17 illustrates the Named Parameter List
Window for the PBO Lab “Example B - Modified-
fitted PSI-TURTLE.pbol” model.

Figure 17. PSI-TURTLE Module Named ParametersWstdow example.

The Named Parameters List Window (Figure 17)
shows information for each Piece that contains
Named Parameters. Double clicking an entry opens
the corresponding Piece Window.
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PSI-TURTLE Module Options

PSI-TURTLE Module Options are accessed with the
last command in the PSI-TURTLE Commands Menu.
Options are used to set Module specific conditions
and assign specific values to certain Module
parameters. Figure 18 illustrates the PSI-TURTLE
Options Window. These option parameters, called
“Numeric Constants”, are shown in Figure 18. The
number of PSI-TURTLE Module Options may
increase in the future as additional features ddea

to the Module.

P& PSLTURTLE Options [x]
Numeric Constants

Physical Constants |

[ Murieric Constants for PSETURTLE -

Select from the list below ta change a Numeric Constant.

Upper Limit. *

[ Name [Type| Defaut value [ Defautunits | LowerLlimt |

ARRELNN N AR A

Description Type Value Units
Beam RS to Boundary convert factor (2-sigm [Real v | [ 1113034 |none

Accept |
Rezet Defaults |

Vite and Run FORDOT.DAT'
PSI-TURTLE Plot Speciication

Wirte and View FORCOT.DAT'
View FORDOT.DAT
Run 'FORO01 DAT

PSI-TURTLE Command Pieces
PSI-TURTLE Parameter Pieces
PSI-TURTLE Optics Pieces

PSI-TURTLE PBO-Lab Pieces

Aupilians Input i3

List Windows: »
—— PSITURTLE Options

PSI-TURTLE Options is the last
entry on the PSI-TURTLE
Commands submenu

Selecting an item in the list
activates edit fields for that
item. Use the Accept button to
update the selection.

The Reset button can be used
to restore default values for all
entries.

Use the Reset Defaults button
following the installation of a
Module update that adds new
PSI-TURTLE Options.

Figure 18. PSI-TURTLE Module Options window showidgmeric Constants

The first parameter in the list @fimeric Constants used

as PSI-TURTLE Module Options is named
"RMstoBoundary”. This parameter is used to convert the
Beam Piece Semi-Axis parameters from their
"boundary" values (PBO Lab assumed) to the RMS
values assumed by the PSI-TURTLE Module. The
default value (118034) corresponds the (1.28) The
upper Guidance Limit2(23s068) corresponds to (55.
Option Parameters are stored with the model (.pbol)
file.
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The RMStoBoundary Option
parameter is used to make
Beam Piece parameters more
readily compatible with other
PBO Lab Modules. The Semi-
Axes - Beam 1 parameters in
the Beam Piece are divided by
this parameter, prior to writing
them to the FOROO1.DAT Main
Input File.



TRANSPORT 3
TURTLE »
DECAY-TURTLE (3
MARYLIE »
TRACE 3-D »
PSI-TRANSPORT b

3

PSI-TURTLE-graphs Vilnte and Run Input

PSITURTLE P

Compute Al AutoCales

The PSI-TURTLE-graphs Module
is a supporting module for the
gratur32.exe program. It allows
that program to be run directly
from PBO Lab.

The PSI-TURTLE-graphs Module
makes displaying results using
the gratur32.exe program easy,
but data is only available to the
gratur32.exe program for those
histograms that were requested
during a run of the main PSI-
TURTLE Module. .
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PSI-TURTLE-graphs support Module

The PBO Lab PSI-TURTLE Module includes a
supporting Module named PSI-TURTLE-graphs. The
Module has only one Commandrie and Run Input)
which should be usedfter an execution of thewkite

and Run 'FOR001.DAT” Command for the main PSI-
TURTLE Module. Thewrite and Run Input Command
will open agratura2.exe console window for inputting
plot specifications. Examples of theatur32.exe
console window are shown Figure 8, Figure 26 and
Figure 38.

There a variety of options for input to theturaz.exe
console window. It is beyond the scope of this PBO
Lab User Manual Supplement to detail all of them
here, and the user is referred to the PSI-TURTLE
Documentation (see Section 6) for further
information. However, a short visual summary @ th
main options for the display of 2-D histogram data
may be helpful.

When a histogram number is specified in the
gratur32.exe console window that references 2-D
histogram data, theratur32.exe console window then
asks for whether a linear or log plot is desired,
followed by a request for the user to input thestyb
display. There are twelve (12) types of 2-D hisang
plots available. The request for the type is telit
vague, just giving a list of one or two charactedes.
The request in thgatura2.exe console window to enter
the plot type looks like this:

Enter Ci.

G2, CC, G5, L, Li, LZ, 8§, 81, 82, 83, 54 <D = Ci>

The default is "C1" which corresponds to a paracul
type of contour plot. Figure 19 shows examples for
the twelve types of 2-D histogram plots available.
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Figure 19. Examples of the 12 types of 2-D histogra

plots available to thgatur2.exe cOmputation engine.

The images of Figure 19 are for the beam crossosect
(i.,e. y vs x) of the final distribution of partiddor the

"Double Scattering Example.pbol" model discussed in

the Section 5. Figure 40 in Section 5 shows aelarg
image of agratura2.exe "S1" type of plot for the Double

Scattering Example.
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The 12 types of histograms
shown in Figure 19 correspond
to the following one or two digit
codes entered into the
gratur32.exe console window:

C1 Cc2 CcC
CS L L1
L2 S S1
S2 S3 S4

The arrangement of the codes
above corresponds to the
arrangement of the images in
Figure 19.

Certain types of plots (e.g. CC)
are less useful when large
numbers of macro-particles
are involved.

There are other options
available to the gratur32.exe
computation engine besides
the type of 2-D histogram
types illustrated in Figure 19.
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5. PSI-TURTLE Module Examples

This section provides an overview of examples UsiNGg, | ap model files (pbol
the PSI-TURTLE Module. The examples are based ORxtension) for the examples in
information from the public literature and are mded  this Section may be found on the
to both illustrate the use of the PSI-TURTLE Module ;‘;ﬁﬂi‘;’%g’ ":;I)f;hle PBO Lféb

. - . - odule, or hy
ano_l tp provide benchmarks that users can utiliz@ wi contacting AccelSoft Inc. directly:
their installed PBO L_ab soft_war_e. Additional exdesp  accelsoft@ghga.com. Key output
may be added to this section in future releaseth@f fies for comparison purposes

PSI-TURTLE Module. are also available.

Example B - Modified-fitted

The “Example B - Modified-fitted PSI-TURTLE.pbol”

model file provides a simple example of a four

guadrupole transfer line. The Document Window for A 2-D Phase Space Plot Comm
the model is illustrated in Figure 20 below. Piece stored on the Work Space

EE bBO-1 ab - Example B - Modified fitted PSETURTLE pbol
Fle Edt View Commands Took Tutorial |

o) ) O e o/ 1 )

Globals Tracing/Tracking ] Floor Coordinates

Particle Charge W 1= 10000 930000 @

e [ 1875000000 lnev ﬂ 05110 222e+005 &

—Dr_ ‘Beam Energy [2000000  Huev ' =] ooolo 1poes01n @
ﬂ : Beam Current [0.000000 | |mamp Ll 00000  0.0031
ig'g . Freauenicy Iéu.uuucuu [z ] 30000 300es004
qu . Iu.umuuo m j 00020 10.0000

SBend

DRFT  DRFT DRFT  DRFT  HFGD

i.

| //rmm' 'i
Ve

Phase Space and Momentum
Plot requests for output beam

Figure 20. PBO Lab Document Window for “ExampleModified-fitted PSI-TURTLE.pbol”

Phase Space Plot requests for the initial Beam

The example illustrated in Figure 20 contains 8%e ¢ pgo Lap Subline labeled
on the Model Space unique to the PSI-TURTLE "PSI-TRANSPORT" near the

o _ _ end of the beamline is ignored
_I\/Iodql_e. They are labelethit2-D, 2-D, 1-D and are by the PSI-TURTLE Module.
identified with arrows along the bottom of the Higu

41



Standard PBO Lab Pieces, that
is, Pieces that appear on the
Palette Bar, are supported by the
PSI-TURTLE Module if they are
included in the list of the PSI-
TURTLE Pieces window (see
Figure 9). Other Palette Bar
Pieces are ignored by the PSI-
TURTLE Module.

At least one COMM Piece
requesting PSI-TURTLE plots is
required in the beamline on the
Model Space for any graphic
TURTLE output to be produced.

2-D plots in the PSI-TURTLE text
output file FORO002.DAT will be
approximately "square" in shape if
the ratio of the number of bins is
about 2:1.
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The majority of the Pieces appearing on the Model
Space of the example in Figure 20 are standard PBO
Lab Pieces corresponding to drifts and quadrupoles.
The Beam and Final Pieces are also standard PBO Lab
Pieces. All of these standard Pieces and, with the
exception of the Final Piece, are supported and bge
the PSI-TURTLE Module (see Table 1). The Final
Piece is ignored by PSI-TURTLE Module 1.0 but may
be utilized in a future version. The PBO Lab Subli
labeledPSI-TRANSPORT in Figure 20 contains Pieces
unique to the PBO Lab PSI-TRANSPORT Module.
They are ignored by the PSI-TURTLE Module and all
other PBO Lab Modules.

There are four (4) PSI-TURTLE Commandomm)
Pieces shown in Figure 20: three (3) on the Model
Space and one (1) on the Work Space. Figure 21
illustrates Piece windows for two of tl@®MM Pieces

in the beamline on the Model Space.

E Phasze Hiipse Scatter Plot {2-Histogram) Reguests |
|
|
Xp va X Plot ] ¥pvs Y Plo E Phasze Hiipse Scatter Plot {2-Histogram) Reguests
Parameters Value Units Guidan
&1 Xp vs X Plat {1=¥es, 0=No) I1 0 Hp s X Piot | ¥p vs Y Plot
5 Axis Loweer Limt I -0.300000 Icm ..:.I ~100.0000 | Parameters Value Units Guidance Limits
51X Axis Upper Limit l 0.800000 Icm :J 0.0000 & Xp vs X Plot {1=""es, O=No) I 1 3 R
! Number of X Bins 2 10 5§X Axis Lower Limit I -1.070000 Icm ..:] =100, 0000 0.0000 &
51 Xp Asis Lower Limit i_gs_gccc.gn i ]mmd :j -1000.0000° | 51X Auxis Upper Limit l 1.070000 IC"“ _,_i L0000 1000000 @
=} ¥p Axis Upper Limit l 2C.000000 Imrﬂd :_1 0.0000 | 5 Number of X Bins l 54 10 50 @
i Number of Xp Bins | 29 1 o Xp Axis Lower Limit i 14400000 | ]mrﬂd :j -1000.0000 0.0000 &
Comments: =} ¥p Axis Upper Limit l 14 400000 Immd :_1 00000 1000.000p
I init2-0+ - use to plot phase =pace of intial beam ;S;Number of Xp Bins I_ZE 10 o
Comments:
I 2-I+ These parameters are set up in order to compare with rezults from other PBO Lab Mpdules
Piece Comments are truncated to

8 characters for the Main Input
File FOROO01.DAT. These are
further truncated to 4 characters
in the output file FOR002.DAT.

==

All Guidance Limits are "soft"
and do not restrict input

Figure 21. PSI-TURTLE Module Phase Space Scattdr(PiD) Requests
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Figure 22 illustrates the Piece window for tbemMm
Piece labeled-D located near the end of the beamline
on the Model Space.

X &Y Profies [ _Xp & Yp Profies | Lonagtidinal Profies There are several PSI-
Parameters Value Units Guidance Limits TURTLE COMM Pieces _that
52 Profie 1=es, 0=10) 11— D — can be used to request various
E?ZProﬂle Lowser Limit I 2.000000 IC'“ | -toooooo 0.0000 @ plOtS- These are accessed from
52 Profile Upper Limit lg_gggggg IC'“ = 00000 1000000 @ ::’higceZSI\-/;rl]J(i)-l\;\ll_E(sgeo mFrl‘;?jrll’g
5. Number of £ Bins l 210 10 0 2
5 delPiP Profile (1=Yes, D=Na) F_" 0 1 & 14)'

5 delFiP Profile Lowsr Limit l 2 500000 .I% Percent |v| -100.0000 0.0000
5 delP/P Profile Upper Limt. [ 2 soo000 !% Percent | 00000  100.0000 &
5f Number of delF/P Bins 20 18 100 @

Figure 22. Histogram Plot Request Piece window Wi and s FORODT DAT
showing requests for 1-D histograms (Profiles) athp ;S,LTU:T;E%:;EDT«—
length differences (Z) and momentum spread (delP/P) View FORDU1 DAT
i Runﬂ%l}m.[)m"_ =]

The PSI-TURTLE Module Main Input File is named e il
FOro01.DAT. The input file produced by the PBO Lab SUmiEE
PSI-TURTLE Module for the “Example B - Modified- e .
fitted PSI-TURTLE.pbol” model is illustrated in Rige PSITURTLE Optons
23. The window in Figure 23 is displayed by usiing The PSI-TURTLE Command:
Command Write and View 'FOR001.DAT" from the PSI- Write and View 'FOR001.DAT’

will create and open the Main

Commands menu. Input File.

The Header, Lattice and Footer Sections for the

. .y . . The FOROO1.DAT file is
FOR001.DAT file are indicated in Figure 23. The Header

organized into four sections:

Section utilizes certain of the PBO Lab Global Header
Parameters and provides unit specifications, cefilai Lattice
I/O specifications, and some PSI-TURTLE Option Lines

. . . Footer
settings. The Lattice Section generally forms the Figure 23 illustrates  the

majority of theroroo1.DAT file content and reflects the  peader, Lattice and Footer
beamline constructed by the user on the Model Space sections. PSI-TURTLE Module
This includes any Palette Bar Pieces supportechey t 1.0 does not have a Lines
PSI-TURTLE Module as well as any Pieces unique to Secton " FOR0OLDAT.

the PSI-TURTLE Module.
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File Edt Font
/EXAMPLE B — MODIFIED PSI RUN THURSDAY. JUNE 02 2016~ :EJ
{#%x OASIS PEO-LAE MODULE FOR PSI-TURTLE VERSION 0.9.3.0 *xx)
10000
17.0 1. /ORDER/
Header 16.0 3.0 3.669283E+003  ~MASS EMASS.
16.0 29.0 1.000000E+000 ~CHARGE,
; 16.0 30.0 1 ~SEED,
Section 15. 11.0 ~MEVC, 0.001 ;
15, 12.0 #MEV~ 0.001 :
16.0 190, 0.0000 100.000 ~Fl00-
{=%x BEAN UNITS ARE CH, WRAD, CM. MRAD. CM. %DP/P, MEV/C *x%)
{®%x CURRENT VALUE OF PSI-TURTLE MODULE OPTION RMSTOEOUNDARY = 1118034 ®xx)
16. 24.0 /6D UNIFORM- : (=% USE OPTION RMSTOEOUNDARY OF 1.118034 FOR PEO-LAE BND EMIT = SX EMS ENIT *x)
1.0 6.014379E-001 2.610243E+001 &5 271360E-001
2.553760E+001 1.024674E+000 9.450518E—001 £, 662600E+001 ~BEAN. -
(=% CORRELATIONS: C21 (€31 €32 C41 C42 C43 €51 C52 €53 CG54 C6l C62 C63 Chd CR5 *x)
12.0 —9.521110E-001 0.000000E+000 0. 000000E+000 0.000000E+000 0.000000E+000 9.342710E-001
0.000000E+000 0.000000E+000 0.000000E+000 0.000000E+000
0.000000E+000  0.000000E+000 0.000000E+000 0O.000000E+000 —1.210000E-001 ~COOR. ;
51. 1. =—&.000000E-001 &.000000E-001 2.962963E—002 »_ INIT2D » -
52, 2. -—3.500000E+001 3.S00000E+001 2.413793E+000 :
51. 3. —£.000000E-001 §.000000E-001 2.962963E-002 ~_ INIT2D  ~ -
52. 4. -3 500000E+001 3.S00000E+001 2. 413793E+000 :
3.0 1.730000E—001 ~DRFT~ :
5.0 9.600000E-002 -2, 244760E+000 1.000000E+000 ~QD1~
. 3.0 3.975000E-002 ~DRFT/ :
Lattice 3.0 3.975000E-002 ~DRFT/ -
. 5.0 9.600000E-002 3.668180E+000 1.000000E+000 »QD2~
Section 3.0 4.274000E-002 ~DRFT~ :
3.0 4.274000E-002 ~DRFT/ -
5.0 9.600000E—-002 -2 268570E+000 1.000000E+000 ~QD3~
3.0 4.574000E-002 ~DRFT/ :
3.0 4.574000E-002 /DRFT/
5.0 9.600000E-002 2.617440E+000 1.000000E+000 ~QD4~
3.0 4.873000E-002 ~DRFT, :
3.0 4.873000E-002 ~DRFT/ :
5.0 4.800000E-002 -2, 650000E+000 1.000000E+000 ~HFQD.
51. 1. -—1.070000E+000 1.070000E+000 3.962963E-002 - 2D TH- :
52. 2. —1.440000E+001 1.440000E+001 9.931034E-001 :
51. 3. -—1.070000E+000 1.070000E+000 3.962963E-002 ~ 2D TH/
52. 4. -—1.440000E+001 1.440000E+001 9. 931034E-001 :
50, 1. —1.000000E+000 1.000000E+000 1.000000E-001
—S0. 3. -1.000000E+000 1.000000E+000 1.000000E-001 °
—50, 2. -1.000000E+001 1.000000E+001 1.000000E+000 -
—50. 4. —1.000000E+001 1.000000E+001 1.000000E+000
50. 5. —&.000000E+000 &.000000E+000 §.000000E—001 :
50, 6. —2.500000E+000 2.500000E+000 2.500000E-001 :
Footer 16, 180, 111, 0O.;
16. 190, 0. 222
; SENTINEL
Section SENTINEL

~|

Al

Figure 23. Main Input FilEOR001.DAT generated for the
“Example B- Modified-fitted PS-TURTLE.pbol” model

Uses may wish to examine
Figure 23 in detail to identify
the lines in the Main Input Flle
FOROO1.DAT that are
generated by specific PBO Lab
Pieces. In general this is not
necessary, and it is
recommended that users not
edit the FOROO1.DAT file
directly as this may cause
conflicts with the PBO Lab
model.

The most common method of running the PBO Lab
PSI-Module is to use the Commaneérite and Run
'FOR001.DAT" from the PSI-TURTLE Commands menu.
This will create the Main Input Fileoroo1.DAT (butnot
open it to view), call the Module computation ergin
(turle32.dil) and then open the output file®RrRo02.DAT.
The result of using thewrite and Run 'FOR001.DAT"
Command, for the “Example B - Modified-fitted PSI-
TURTLE.pbol” model, is shown in Figure 24. This
run utilized 10,000 macroparticles, specified oe th
Tracing/Tracking tab of the Global Parameters.
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Write and Run 'FORDDT.DAT €————

The window of the output fileoroo2.0AT illustrated in PSI-TURTLE Plot Specfication
Figure 24 has been scrolled down to near the miaoidle W s
the text where the 2-D "Histogram No 3" is shown. _ R FORMDIDAT
Histogram No 3 corresponds to the horizontal phase L e
space (X' vs x) of the beam at the end of the baami b e
The cOMM Piece shown on the right side of Figure 21 assmime >
was used to specify this histogram. (The scatterqs e )
the final particle distribution appearing in Figi24 is P e

similar to that of Figure 34 on page 60 of the PBiD Use the Module Command:
2.0 User Manual Supplement: TURTLE and DECAY- . e and Run FOROOLDAT

) _ to write the Main Input File, run
TURTLE Modules, but there are some differences in the PSI-TURTLE Module

the two models used.) physics engine, and open the
output file: FOR002.DAT
4 FORD02_DAT P[] E3
File- Edit Font
1Histogram Ho 3 HEQD -—AJ
horizontal axi= = in cm 0.959 m from the target
vertical azis =' in mrad 0.959 m from the target
-1.070 -0.674 —0.277 119 0:515 0.911 totals
I**———**———**———**———**———**———**———**———**———**———**———*I ————————

14 400 to 13 .407 I
13.407 to 12.414
12 414 to 11.421

2 10)
328370CC4423

11.421 to 10.428 C36BEBER7AATELL 101
10.428 to 9.434 22758EADETLCCESARGS 183
9.434 to g.441 2436BAKGRGPFFOSKEBY31 261
2.441 to 7.448 ECBCLEJKPSIGOITIICEDI? 326
7.448 to 6.455 664EELHGURPHLRPHNEHHEE L 389
6.455 to 5.462 35L?HLLOHYOTSSSRLLLPCDGS 466
£ 462 to 4 489 2EAF7PIRTQUTROVETSHEKE?DY 520
4 469 to 3.476 DDJEHOTYUWVMMUQOKIWEGI 854 534
3.476 to 2.483 FCDLLIRNURSHSTYVSRSVULGDY 3 603
2.483 to 1.430 2E3EJKNVSWSYZSSSSYSQITONIZ72 645
1.490 to 0.497 GABTOESEYKSOXPSZUNVREMFMIFI1 621

0.497 to —0.497 2E9CEQIOVOSTSTSTSS TS THHFDAG

I

I

I

I

I

I

I

I

I

I

I

I

I

I

=0.497 to -1.490 I G LEGHMWHMUE ST $S s SUPVETONEI2 1

=1.490 to -2.483 I 147EMNOQSOSEQVTSHYIROOUNED93 2

—2.483 to -3.476 I 1D9FNEESRS SMUPTWELOMNHED 792

-3.476 to -4 469 I 47EGGVRRSPOSRTSOSIRIVFAAS Y

-4 469 to -5.462 I 23AEKGKRPHZVES TRHPUEIDHDG 2

-5 462 to -6.4EL I

—6.455 to -=7.448 I

—7.448 to -8.441 I

—8.441 to -9.434 T
I
I
I
I
I
T
I
I
I
I
I
I

EBDELHEEKFPRRESRTOONCGAS92
138EIHFIHTL$HMEIDCHIERE 3
11697GITINONMYMEIISFBS2
339DDNHBLMPEMGAGSEE3
32698FNFDEDAF9EEE 1
1398899BC4ARRBA42]
112578456724
Mk

—9.434 to -10.428
—10.428 to -11. 421
=11.421 to -12. 414
—12 414 ‘to -13 407
—13.407 to -14.400

I H H H A A
g
o
o

H R R HH—— NH——NH— W R WX XX ]

I
I
I
12234455656656544342211 I
496677573225840804889193503 I
totals 000000000000053447333097076902563105574760000000000000 I 10001
total number of entries = 10001 including underflow and overilow as follows
underf low overflow
across
down 0 0

*x%% Ellipse paransters *x%x*

horizontal : center = -0.002 RMS half width = 0.223
vertical i center = 0.041 EMS half width = £.39
correlation: =inchi = 0004 RMS area ~ pi = 1.20

~|

4 ! i
Figure 24.PBO Lab window for the PSI-TURTLE Module fileOR002.DAT'
that opens following execution of the Commawwiite and Run 'FOR001.DAT".
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This example illustrates one of
the limitations of the PBO Lab
PSI-TURTLE Module, compared
to the standard PBO Lab
TURTLE Module. The standard
PBO Lab TURTLE Module utilizes
the FNAL/SLAC version of the
TURTLE computation engine:
TurtleFort.dll.
That computation engine supports
plots of 1-D and 2-D histograms
that involve the path length
variable, often denoted as |,
which is the 5" element of the
general particle coordinates. The
PBO Lab PSI-TURTLE Module
uses the PSI computation engine:
turtle32.dll.

That computation engine does not
support plots that involve the 5"
element of the general particle
coordinates.

PBO Lab 3.0 User Manual Supplement: PSI-TURTLE Modu le

An examination of the Main Input Fileoroo1.DAT for

the “Example B - Modified-fitted PSI-TURTLE.pbol”
model (Figure 23) shows that, just prior to the ¢ra
Section, there are two (2) requested 1-D histograms

50. 5. -8.000000E+000 8.000000E+000 8.000000E-001 ;
50. 6. -2.500000E+000 2.500000E+000 2.500000E-001 ,

The first 1-D histogram request, beginning witi. "
5.", IS asking for a plot of thpath length spread of the
final beam, while the second 1-D histogram request,
beginning with 50. 6.", is asking for a plot of the
momentum spread of the final beam. The PSI-
TURTLE computation enginewfties2.di) supports the
latter (momentum spread) but the not the formeth(pa
length spread). Any PSI-TURTLE Module histogram
request that involves waariable that is not supported
will result in a line in the Main Output Fileoroo2.DAT
indicating that the request will be ignored. Thise
will appear in the upper part of theroo2.DAT file,
where the data from the Main Input File are being
reiterated. Figure 25 illustrates this.

4 FOR002 DAT [_[Ofx]
File Edit Font
1.0 e < 1.000000 —1.070000 1.070000 0.039630; -A-I
52.0 ' s 2.000000 —14.400000 14 . 400000 0.993103;
Hext label truncated to 4 characters. !
51.0 e s 3.000000 —1.070000 1.070000 0.039630;
2.0 i P 4.000000 —14 400000 14 . 400000 0.993103;
-50. v e 1.000000 —1.000000 1.000000 0.100000;
—-50. e 4 3.000000 —1.000000 1.000000 0.100000;
50 e & Z2.000000 —10.000000 10.000000 1.000000;
-50. e e 4.000000 —10.000000 10. 000000 1.000000;
50.0 ' e 5.000000 —8.000000 g.000000 0.800000;
—PpThe coordinate specification on the histogram card above has no mneaning to Turtle. Histogram ignored.
0.0 e s 6.000000 —2.500000 2.500000 0.250000;
16 .00 i e 180.000000 111 000000 0.000000;
16 .00 v e 150000000 0.ooo0o0oo0 222.000000;
SENTIHEL |

4

>

Figure 25:Foro02.DAT' file alert indicating a histogram request is beamgpred.

The alert illustrated in Figure 25
will not appear if the parameter:

Z Profile (1=Yes, 0=No)
shown in the COMM Piece
window of Figure 23 is set to "0"
as that plot will not be requested.

Information regarding theath length spread of beam
particles may be important for systems where beam
bunching (or debunching) is involved. Users magdhe
to use other macro-particle PBO Lab Modules foihsuc
systems (e.g. TURTLE, MARYLIE, or PARMILA-2).
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Once the Commandrite and Run 'FOR001.DAT' has been
executed, and the Main Output Fil&ogoo1.DAT)
window has been opened (e.g. Figures 24 or 25) the
unique capabilities of the PSI Graphic TURTLE
software can be invoked. This is accomplishedBOP
Lab by executing the single Commanagit¢ and Run

Input) Of the supporting PSI-TURTLE-graphs Module.
This was described at the end of the Section Jé&ye

17), and illustrated with a single plot, which is
extended to 4 plots here.

Executing the Commanadav(ite and Run Iinput) of the PSI-
TURTLE-graphs Commands submenu opens a
gratur32.exe console window. The defaults for the
gratur32.exe code are set up to produce plots in a 19.5 cm
by 19.5 cm graph window. Accepting all defaults fo
the first 4 histograms is illustrated in Figure 26.

e CNOASIS\PS! Codes\gratur32 exe

Uersion 1.22b for Windo
G iled with Digital

Graphic Data are stored on FOR1IBH.DAT via

16. 198. i. 188. ; Card in TURTLE Input—Deck.
= @ : create with each run a new FOR188.DAT
=2 : update FOR188.DAT with each run.

i
i

There are 5 histograms stored on FOR1BG.DAT
All booked histogwams refer to 186006 rays
and will bhe shown in a window named HIGZ 8i.

Enter Width. Height of Screen in cm <D=19.5,19.5>
Enter number of x and y =zones (D=2.2)>

[Commands. Tools Tukorl
TRANSPORT [
TURTLE 3
DECAY-TURTLE (3
MARYLIE >
TRACE 3-Dr 3
PSI-TRANSPORT 3

»

PSI-TURTLE-graphs Vrite and Run Input

PSTURTLE o

Compute Al AutoCales

The Write and Run Input
Command of the PSI-
TURTLE-graphs Module will
open a gratur32.exe console
window. Various plots can be
produced entering appropriate
data into the console window.

g:}ll color indices ave: Flgure 26. ACCeptIng a”

red. 3: green. 4: blue. 5: yellow. 6: magenta,. 7: cyan
For 1-dim Histograms:

Enter color indices for Histogram, Zone and Picture <D=2.3,5) defaults |n thegratur:gz.exe

For 3-dim Histograms:
Enter 3-dim indices for Histogram,. Zone and Picture (D=4.5.7>

Enter Histogram_number [neg —> clear screenl] (D = 13> 1

console window for the

Enter LIN or LOG for t £ yertical scaling <D = 1in) : :
Entew C1, 02, CC, CS. Lo Li, Lo, 8. 81, 82. 83, 84 <D = CL> first 4 hlStOgramS.

Selected: Contour Plot <{monochromel

Enter number of contour lines <D = 18>

Uersion 1.23-89 of HIGE started

Enter pl. p2. p3. p4 for hardcopy m for metafile or CR

Enter Histogram_number [neg —> clear screenl (D = 23 2
Enter LIN or LOG for type of vertical scaling <D = lin>
Enter C1,. G2, GG, CS. L, Li. L2. 8§, 51. 82, 83, 84 (D =.C1>
Selected: Contour Plot <{monochromel

Enter number of contour lines <D = 18>

Enter pl. p2,. p3. p4 for havrdcopy m for metafile or CR

Enter Histogram_number [neg —> clear screenl <D = 3> 3
Enter LIN or LOG for type of vertical scaling (D = lin>
Enter C1, G2, CGC. CS, L, Li. L2. &, S1. 82, 83, 84 <D = C1>
Selected: Contour Plot <{monochromel

Enter number of contour lines <D = 18>

Enter pl. p2. p3. p4 for hardcopy m for metafile or CR

Enter Histogram_number [neg —> clear screenl (D = 4> 4
Enter LIN or LOG for type of vertical scaling <D = lin>
Enter C1,. G2, GG, CS. L, Li. L2. 8§, 51. 82, 83, 84 (D =.C1>
Selected: Contour Plot <{monochromel

Enter number of contour lines <D = 18>

Enter pl. p2,. p3. p4 for havrdcopy m for metafile or CR _
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If one continues to the next (5th
histogram) plot request in the
gratur32.exe console window,
which corresponds to the 1-D
momentum  histogram, the
HIGZ_01 window will erase the
first four plots and start a new
display.

Figure 27. The first 4

histogramsof the “Example o3 o 6o s 5 o3

B = MOd iﬁEd'ﬁtted PSI- Histgram 3 (lin) ol 3= 0.95% m {HFQO} Histogrom 4 [lik) ol z= Q.950 m (HFOD)

TURTLE.pbol” model.

The Double Scattering Example
described next illustrates an
example that creates 8 plots in
the HIGZ_01 graph window.
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As the data for each histogram is completed, whreh
indicated by the line breaks following the lineadang
"Enter p1, p2, p3, p4 for hardcopy m for metafile or CR", then a
plot is created in thediGz_01 window. Figure 27
shows thediGz_01 window after 4 plots are created.

o HIGZ 11 =1 e
05/08/16 16.28

Histegram 1 (ln) of 7= G000 m Histagrom 2 [lin) o z= Q000 m

¥ [mrod)
¥ (rrrad)

¥ {mrad)
=
T

y {rrad]

The two top plots in Figure 27 are the initial beam
transverse phase spaces and the two bottom pkets ar
the final beam transverse phase spaces. The “Hgamp
B - Modified-fitted PSI-TURTLE.pbol” model is a
matching line in which 4 quadrupoles have been
adjusted to transform the initial phase space sabp
into "upright” ellipses in the center of the quauble
labeled "HFQD". (For the reasons discussed on page
46, it is not possible to plot the longitudinal pha
space using the PSI-TURTLE Module.)

Figure 7 in Section 2 illustrates the creation ¢1BO
Lab Graph Tool Window for this example.
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E8 PBO-Lab - Double Scattering Example phbol
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PBO-Lab E3

Double Scattering Example e
The “Double Scattering Example.pbol” model file
illustrates the set up and running of one of the
examples documented by Uhrs Rohrer using PS.
Graphic TURTLE. A PBO Lab Document Window g
for this model is illustrated in Figure 28 beloviLhe

Piece contents of the Sublines are also shown.

Custom Pisce(s) faund in the
“Double Scattering Example” mode|
have been updated wﬁh the current
"PELTURTLE” Specifications.

Opening PBO Lab model (.pbol)
es created by earlier PSI-

TURTLE Module versions may
result in an alert dialog: click OK.

Fle Edt View Commands Tools Tutoral

IPSI—TURTLE ] _J_I _IJ_"‘I” _!_}_!J m>§ ..?’:sé
Globals. I Tracing/Tracking I Floor Coordinates
o Particle Charge- W'ial - 10000 930000 ©
- = Particle Mass |.933.27231u :.il'de\.-‘ : _vJ 05110 2.22e+005 @
; Beam Eneray |m.uuuuuu 1r.|ev =l 00010 1.00e+010 &
= Beam Current, 0.000008 | |mAmp =l 00000 08528
'gg: Frequency 225000000 .I.MHz j 3.0000 3.00e:004
e | im Step Size [o010000  {fm | o020 100000

BEAKM

MULT

NS

HZ0 Scatterer

H20 Hiztograms

1st‘anU|I

Tat Foil Hlstogram F1FZ

reset T  ocl Znd W Foil

setmn | | serD >cnnn —— | sermn] | e @ E D E
SBard| i - ! - " o
: GO COMI CQDTI'I] : i COmm: Com pEy
Piace iece | sunum: sun | Ficoe. re| SUBLINE Orith | | Piece | | Pieca | (AR SUBLINE

toApertu normal resetlT Aper Target Histograms

‘\

Cmmerbt I HZ0 Scatterer

CHMND 2CHHD SCHMD0 CHMND
o o |~ [ comm o
Figze Figze

P Ekim  x'=12 mr

I 2

Comment: I HZ20 Histograms

Piece: FPiece

LTable startW

.

endW

| [zome

| opmics | | comm
Piece: Fisce:
W=

Comment: l 1=t W Faoil

P Ekim  x'=12 mr

ald o

Comment: l 1=t Foil Hiztograms:

Figure 28.

The PBO Lab model illustrated in Figure 28 utilizes

Sublines to collect and organize various Pieces int
groups. Each of these Sublines will
described further on the following pages. The nhode
also contains several PSI-TURTLE specific Command
(comm) Pieces as well as a few standard PBO Lab

logical

Pieces (Beam, Drifts and Apertures).
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be

Y¥X_7 penumbr
< 2

Comment: l Target Histograms:

Document & Sublines for the “Double $ma@tg Example.pbol” beamline.

The Double Scattering Example
represents a unique modeling
capability of the PSI-TURTLE
Module. It utilizes only a few
traditional optics elements, but
makes extensive use of PSI-
TURTLE specific elements.




P& Multiple Scaitering
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The first two PSI-TURTLE Commandd¢mm) Pieces
shown in Figure 28, immediately following the Beam
Piece, are used to invoke multiple scattering and t
“Invert" apertures into solid material. Each oédh
comm Pieces only have one parameter, which turns on
(or off) the specific attribute. Figure 29 showe t
Piece windows for these tvmmm Pieces.

|| Default values of "0" need to be

Parameters

' changed to "1" to invoke attribute
Units__—Guidance Limits

Valug

5 Enable Scattering (ves=1)

LComments:

1 4 0

E Aperture Inversions

1 e

MULT

/

Value Units Guidance Limits
1 [ 0 1 e

Parameters

5 Inverse Slits =1, Normal=0

Comments will appear in the
FORO01.DAT Main Input File
to help identify Piece data

Figure 29. Multiple Scattering and Aperture Invers Piece Windows

Figure 34A displays the first
part of the Main Input Flle
FOROO01.DAT for the Double
Scattering Example. The lines
in that file, corresponding to
the Pieces illustrated in Figure
29, can be identified by the
Comment fields which appear
between forward slashes for
those elements.

The text description of the parameters shown imfég

29 is intended to describe the primary functioreath
parameter. The user does not need to know the type
codes, format, or syntax of how these attributes ar
described in the PSI-TURTLE Module Main Input File
(Foroo1.DAT). Note that the default values for the
parameters are "0" meaning that the attributesomily
invoked if the user changes the parameter values to
"1", as is the case in Figure 29. The same Piew@s

be used (i.e. later in the beamline) to turn thebates

"off" by using the default "0" values. An exampge

the comm Piece with commentndrmal" which returns

the Aperture Inversions setting back to normal.
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The first Subline on the Model Space of the Double
Scattering Example, commented as23' scatterer",
contains two Pieces that are used to describe #terw
degrader: oneomm Piece and onepTics Piece, both
unique to the PSI-TURTLE Module. Thewmv Piece

Is used to Concatenate Loss-Entries into the paurtic
loss table and theopTics Piece is for a Material
Scatterer element. Figure 30 illustrates the Piece
windows for the F20 scatterer” Subline.

1
BR - Ha Subline W___ [H[=I E3
iiw Concatenate Loss-Friries m He Edi
| ' -
|
Parameters Value Units Guidance Limits
! Use this Command (Yes=1) [4 [ 0 1@
£ | < somo | |
5 Mumber of Steps to Include [ gp A 1000 & N ggmm - %p_ugs
. iece (==
Comments:
l | Table / LTable HZ0
| <1 |
= C ere
%g Material Scatterer | ommen H20 Scatterer
En«ergyj Dizstance: | |
Material Geometry ] Material Properties.
. Energy I Dizstance |
Parameters Value Units Guidance Limi Material Geo e
o Type: Aperiure=1 Block=0 I 0 o
o Horizontal ) Half Width I e Icm LI 00000 1000.00:| FArameters Value Units Guidance Limits
5| BM =t/ scattering angle I 1.719000 |m|—ﬂ:| .:j 0.5000 120000 @
= Wertical (y) Half Heigth l 1.000000 [em = 00000 1000.00¢| =
: S Vit =5 of Moliere distr'lbutinn] 5.120000 50000 15.0000 @
o Material Segment Length l ¢.000100 im L! 1.00e-005 1000 =
= i | =i TLAM =fullinteraction length l =2 340000 [em = E0000  50.0000 @
o Number of Segments l [T i 1 AT
A 51 AL =absorption probability: l 0.857000 iFracﬁgnl‘rad;L! 0.0000 1.0000 @
Optional Geometry Comment l 5 mm long, 2 cm by 2 om, water block = |
, . o ANS =rms nuc. =catl. angle 1231_953390 i !mrad :_i 1.0000 10000000 <
i Fix Loop (Yes=1, No-0}) | 1 o )
vl o: DELT =Landau dist. width l 0.027800 Im&\; :_! 00020 20000 &
Comments: 4 : )
H20 o ENLOSS =L andau dist. Io=s | gosgoo !M&\_.r —-v_j L.0100 10.0000 &
Optional Material Discription: [ properities for 0.1 mm segment of water &

Figure 30. Water Degrader Subline Details

. ) Figure 34A displays the first

The flrgt parameter_ of @he Concatena}te LOSS-ENtries part of the Main Input File
comm Piece is a logical input used to invoke (or not) FORO001.DAT for the Double
the data concatenation attribute. Its functiosimsilar Scattering Example. The lines
to that of the Pieces shown in Figure 29. Themsgco ™ thatfile associated with the
. . Figure 30 Pieces can be

entry establishes how many segments of data will D€ igenified by the Optional
included. In this example, data from 50 (water) description fields which appear

segments will be concatenated. between parentheses.
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The Martial Scatterer OPTICS
Piece of the PBO Lab PSI-
TURTLE Module may include
additional parameters in a
future release of the Module.
For example, the option to
concatenate loss-entries may
be added directly to the Piece.
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The Material Scattereortics Piece contains two
groups of parameters which can be classified géyera
as Material Geometry or Material Properties
parameters. These two parameter groups appear on
separate tab pages of the Material Scatterer Piece
Window, as shown in Figure 30.

The Material Scatterer parameters encompass data th
typically appear orseveral individual element lines in
the Main Input File foroo1.0AT). The element lines
are associated with PSI Graphic TURTLE "type codes”
1, 3, 6, and 9, which require a degree of self-
consistency among their parameters to be meaningful
Some comments on the Material Geometry tab
parameters are in order. The longitudinal sizadfle
along the beamline) of each PBO Lab Material
Scatterer Piece is determined by two parameters:
Material Segment Length
Number of Segments
For the parameters shown in Figure 30, the lenfth o
the H20 Material Scatterer Piece is ¥0.0001 m or 5
mm. This information has been included by the user
the optional Geometry comment field, which will appear in
the Main Input File % within parentheses **) at the location
of the elements from the Piece in the Main Inplg.Fi
Similarly, information on the transverse dimensiohs
the Material Scatterer, given by th@izontal (x) Half Width
and vertical (y) Half Height parameters, have been included
In the optional Geometry comment field. Since the default
shape of PSI-TURTLE apertures is elliptical, the af
equal transverse dimensions results in a circular
aperture. Taken with the Aperture Inversions Piece
setting (Figure 29) this "circular aperture" becsmel
cm radius circular cylinder of 5 mm length.

Note that thevumber of Steps to Include parameter of the
Concatenate Loss-Entriesomm Piece should be
consistent with thewumber of Segments parameter of the
Material Scattereoprtics Piece (see Figure 30).
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The last parameter on the Material Geometry tab is
called: Fix Loop (1=Yes, 0=No). This parameter is used to
specify whether or not of the data of the PBO Lab
Material Scatterer Piece provides a complete
description of the situation. The PSI-TURTLE Moalul
computation engineutiez2.di) computes over a "loop"
of material segments. Each segment is identicdl an
the "loop" computation is repeated according to the
Number of Segments parameter. Typically all of the
elements necessary for computing this loop are
provided by the PBO Lab Material Scatterer Piene, i
which case theix Loop (1=Yes, 0=No) parameter can be set
to "1" (the default) as is done in Figure 30. t{iis is

not the case, then the parameter should be sé"to "
and separate "Procedure Loop - Code&im Pieces
should be used. Their use is described in cororecti
with the Subline 1stw roi"* discussion.)

The parameters appearing on the Materials Propertie 'S perhaps worth nothing that
. . . the following parameters are
tab panel are also linked with the Materials Geoynet . craiy independent of the
tab parameters. Specifically the values of theevials Material SegmentLengthvalue:
Properties parameters are specified for a length of TLAM, AL, ASN
material given by theaterial Segment Length parameter, ~ The following parameters can
Th ¢ the Materials P fi be scaled linearly with the
e parameter names on the Materials Properties US€y . iaisegmentLengthvalue:
the abbreviations of the PSI Graphic TURTLE DELT, ENLOSS
documentation (see Section 6) followed by a brief The following parameters do
description of the parameter. The Materials Priggger "ot have a simple scaling with

. . the Material S tL th:
tab also contains aoptional Material Description text field € aenaBl\ngrr\}i/ln eng

parameter. However, within a sufficiently
narrow range the value of BM

For the Material Scatterer Piece illustrated inuiFég appears to  approximately

. . . . scale with the square root of
30, the following lines will be written by the PBIGb the Material Segment Length

File at the appropriate location: changes only slightly.
9.0 0050 /H2Q ; (** START OF FI XED LOOP **)
6.0 1.0 1.000000E+000 3.0 1.000000E+000 /H2Q ; (** 5 MMLONG, 2 CMBY 2 CM WATER BLOCK **)
1.0 1. 719000E+000 9. 120000E+000 5.234000E+001 6.570000E-001 2.819000E+002
2. 760000E- 002 9.800000E-002 0.0 /H2Q ; (** PROPERITIES FOR 0.1 MV SEGVENT OF WATER **)
3.0 1.000000E-004 /HQ ;
9.0 0 /H2Q ; (** END OF FI XED LOOP **)
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The second Subline on the Model Space of the Double
Scattering Example, commented a®d' Histograms",
contains comm Pieces that are used to request
histograms of the beam following the water degrader
(H20 scatterer).  Figure 31 illustrates selected Piece
window tab pages for thei2o Histograms™ Subline.

|
|
Womentym&loss | Radus&Dvergence | Polar Angles I‘I
e e ”l
§[PProfl (1=ves, 0=Ne) [ 1 |
5 Momermturm Lower Limit W Gelic Energy & Polarization %I
5 WMomentun Upper Limit 'W GeVic | Parameters Value u g One Dimensional Histogram Plat Requests
S Mumber of Momentum Bins Fﬁ— 5| Ensrgy Profile {1=Yes, D=Nu}i ; ;
s/ Loss Proflle (1=ves, 0=a) !‘U_” 5 Kinstic Ensrgy Lower Limit IW' eV X &V profies | EHn & p R [ Longtusinaiprofies |
5/ Length Lower Linit IW lm_ & Kinetic Energy Upper Linit. [56.000000 | M=V | Parameters Value Units Guidance Limits
5;':'Leng'th Upper Limit T lm_ =i Number of Energy Bins l‘ﬁ_" 5} Xp Profie {1=Yes, D=No) l1— 0 1 @
5 Number of Length Bins 20 5 Polarization (1=es, D=No) !‘U_” 5 Xp Profile Lower Limit I 50000000 Imrﬂd LI -~1000,0000 0.0000 @
Commnts <! Polarization Lower Limit W m 3 p Profile Upper Limit I £0.000000 |mra:| = 0.0000° 10000000 ©
2 i Polarization Upper it | o 500000 Frocty| 5/ Number of Xp Bins EN 10 100 @
g Number of Folarization Bins [ 2g 5 ¥p Profile (1=es, O=No} ru_" 0 T
4 Er:bmmenhi: 55 ¥p Profile Lower Limit l _10.000000 I rad :_1 -1000.0000 0.0000 &
l Ehi 5 *¥p Profile Upper Limit 10.000000 !mrad —-v_j 0.0000 10000000 &
| ;imumberown Bins 20 16 1000 @
CHMND | 2CHMHD
-0 _ _ o
e Figure 31. Water Degrader Histogram Request Subletails
4 -
Comment; W

Eachcomm Piece shown in Figure 31 is requesting a
single 1-D histogram for a particular parametere Th
comm Pieceentitled" one bimensional Histogram Plot Requests”
Is used for any of the standard 6-D particle cowtés,

Recall from the discussion on with limitations on the longitudinal coordinate. h@

page 46 that the PSI-TURTLE

physics engine turtie32.dIl comm Piece entitled More 1-D Histogram Plot Requests” IS
does not support plots that used for other particle distribution parameters thast
: h . . .
involve the 5" element of the TURTLE versions support. Theomm Piece entitled

general particle coordinates. "PSI 1-D Histogram Plot Requests" can be used for those

specialized particle distribution parameters the¢ a
only supported by the PSI-TURTLE computation
engineturtle32.dl.
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The third Subline on the Model Space of the Double

Scattering Example, commented as W roil", contains

Use units pop up options to

comm Pieces that model the first Tungsten scattering view parameters that may be
Figure 32 illustrates selected tab pages for smallin the default units
the Piece windows of thastw roil" Subline.

E Concatenate Loss-Fniries m

foil (-w-).

Energy ! Dizstance: i |

Parameters

Value Units

Guidance Limits

! Use this Command (Yes=1) i1 [ 0 1@
| Mumber of Steps to Include i 10 A 1000 &
Comments: :

l LTable

i Procedure Loap - Code 9

Start Pré&e&ure Loop i End Procedure Loop
Parameters \ Value Units Guidance Limits
o -Start New Loop (Wes= 1 1@
< Repeat Number for Loop 10 1000
Add This Comment for Loof\ | first scatterer, Tungsten foil <

Comments:

.3

starty

p \\ \\ |
Start Procedure Loo)
\ \

End Procedure Loop

Parameters

‘u“al\(e \ Units

5 End Preceding Loop (¥Yes=1)[ 1

E2 Subline Window

Guidance Limi)é /
0 @

/oA

\ \ y/4
sermn | | semnn | |
comm || comn | | oprics |
Fiece Fiece Fiece

CHND

Comm
Piece

LTable startWV

I T

N

endW

Comment; ! 1=t W Foil

Material Geometry ! ! Material Properties.

Parameters Value Ul'lils Guidance Limits

=i Type: Aperture=1 Block=0 ]c— / o 1@

5 Horizontal () Half Width ] 10.000000 IC“‘ / :J 0,0000 1000.0000

S_?Vertical () Half Heigth 1 10.000000 IC =] 00000 10000000 @

5| Material Segment Length ]‘E‘;EE}“‘E— v 0.0100 1.00e:004 @

5 Numiber of Segments ]Tg_" 1 1000 @
Optional Geometry Comment ]Tungsten foil, 27.5 micron &

SE'Fix Loop (Yes=1, No-0) lg_' i 1 &

C.l;mmenus:

B

Energyj Dizstance i

J’ Material Geometry | Material Praperties
Parameters Value Units Guidance Limits
5 BM =1/ scattering angle I 3.352000 1 Imrﬂd .:j 0.5000 120000 @
5LVt =B of Moliere distribution IW’ 50000 150000 @
STLAM =full interaction length I 5048000 IC“" ﬁ 50000 500000 @
51 AL =absorption probability ] 0.506000 !Fragign[rad;_ﬂ 0.0000 1.0000 @
5 ANS =rme nuc. scat. angle ] 119800000 | !mraa _:j 1.0000 1000.0_00:0: 4
Ss DELT =Landau dist. width ] 0.015500 I|,|5\,f :_j 00020 20000 &
5 ENLOSS =Landau dist. loss ] 0.037700 !I.'.&‘.-‘ —:j 00100 10.0000 &
&

Optional Material Discription ]Tungsten properties for 3.75 micron segment of W

Figure 32. First Tungsten Foil Subline Details

The Concatenate Loss-Entriesvm Piece and the
Material ScattereropTtics Piece are similar to those
discussed in connection with th&o scatterer" Subline
(Figure 30) except the parameters are now for & 37.
pum Tungsten foil divided into 10 segments. Another
difference is the value of theix Loop" parameter: "0".
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A minus sign (-) at the start of
a line in the FOROO1.DAT
input file effectively removes
the line. The PSI-TURTLE
physics engine turtle32.dll
takes lines beginning with a
negative type code (e.g. -9.0)
to be a "commented out" line.
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When the value of the parameterioop (Yes=1, No=0) IS

set to "0", a separate set of Loop Procedure €®d
Pieces need to be utilized to create a loop forPt&e
TURTLE computation enginetwfte32.di). The Loop
Procedure - Code 9 Piece window has two tabs: @ne t
Start Procedure Loop and another tGend Procedure Loop.
Each tab starts with a logical parameter that has a
default of "0", one of which must be set to "1"arder

for the desired procedure loop attribute to be kedb

Note that Loop Procedure - Code 9 Pieces always nee
to be paired. Whenever a procedure loop is started,
using a Loop Procedure - Code 9 Piece, it must be
followed a some point later in the beam with a

procedure loop ending point, using another Loop

Procedure - Code 9 Piece. These two "extra" Pieces
for the "istw Foil" Subline are shown in Figure 32.

The Repeat Number for Loop parameter on th&art Procedure

Loop tab, of the first Loop Procedure - Code 9 Piece,
will effectively override the Number of Segments
parameter appearing on the Material Scatterer Piece
(The Number of Segments parameter will not be utilized
when therix Loop (Yes=1, No=0) parameter is set to 0.)
Consequently care must be taken to assure that the
"Repeat Number for Loop” parameter is consistent with the
Material Segment Length parameter, so that the full length

of the scattering material is correct.

The Material Scatterer Piece shown in Figure 32 wil
result in the following lines being written to the
FOR001.DAT Main Input File at the appropriate location:

9.0 0010. /STARTW ; (** FIRST SCATTERER, TUNGSTEN FO L **)

-9.0 0010 /_W ; (** START OF FI XED LOOP **)

1.0 1.000000E+001

3.0

1. 000000E+001 /_W ; (** TUNGSTEN FO L, 37.5 M CRON **)

6.0
1.0 3.352000E+000 8. 330000E+000 5. 048000E+000 5. 060000E-001 1. 196000E+002

1. 550000E- 002 3.770000E-002 0.0 /_W ; (** TUNGSTEN PROPERTIES FOR 3.75 M CRON SEGVENT OF W **)
3.0

3. 750000E-006 /_W ;

9.0 0 /_W ; (** END OF FIXED LOOP **)
-9.0 0001.” /_ENDW ; (** END FIRST SCATTERER, TUNGSTEN FOI L **)

9. 0. ;
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It would have been simpler to model thet w Foil"
Subline without using the Loop Procedure - Code 9
Pieces, by following the pattern for th&zo scatterer”
Subline (Figure 30).
the "1st w Foil" Subline is intended to illustrate an
alternate approach for implementing the multiple
scattering capability for situations in which the
modeling cannot be done with a single Material
ScattereorTics Piece. Perhaps other PBO Lab Pieces
need to be included in the scattering region, or
additional Material ScattererrTics Pieces need to be
used in order to model sandwiched layers of differe
thin materials. The use of 2 Loop Procedure - Cdde
Pieces provides a means to achieve such modeis Pa
of Loop Procedure - Code 9 Pieces can also betosed
loop over other types of PBO Lab Pieces.

The fourth Subline on the Model Space of the Double
Scattering Example, commented "as Foil Histograms",

Is essentially identical to thei2o Histograms" Subline
(Figure 31) andcontains the sameomm Pieces.
Similarly the fifth Subline on the Model Space bet
Double Scattering Example, commentedas w roil",

Is identical to the 1st w Foil" Subline (Figure 32). The
previous discussions are equally applicable to the
fourth and fifth Sublines and will not be repeated.

Intervening between the fourth and fifth Sublines a
three Pieces labeled by commerts2", "reset LT" and
"oclu". Therir2 andociu Pieces are standard PBO Lab
Drift and Aperture Pieces, respectively. The Apest
Piece is set to be a circular type with radius.6fram.
Note, however, that the Aperture Inversions Pieee
setting (Figure 29) is still applicable, so thaé tawu
Aperture Piece isnverted to be a solid cylindewhich
stops all beam particles within the 2.5 mmradius. This
results in substantial beam loss, but is a crietament
for achieving a uniform beam.
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The method presented here for Note that two methods have

been described for the Double
Scattering Example for setting
up procedure (or repeat) loops
for the Material Scatterer
Piece. Either method can be
used for the Material Scatterer,
and users may wish to explore
both approaches further.

Once an Aperture Inversions
Piece is invoked, the inversion
remains in affect through the
beamline that follows until
another Aperture Inversions
Piece is encountered which
can revoke the inversion.



The Aperture Inversions Piece
labeled INVS, near the
beginning of the beamline
(Figure ), is revoked by the
settings of the second
Aperture  Inversions  Piece
labeled normal. PBO Lab
Aperture Pieces after this will
be normal apertures and not
"inverted."
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The PSI-TURTLEcowmm Piece labeled réset LT" IS
another Concatenate Loss-Entries Piece (see Fagre
used to reset the loss table. Since there is ong/
"segment” for the standard PBO Lab Aperture Piece
that follows this comm Piece, the value for the
parametemiumber of Steps to Include IS Simply "1" (rather
than the "50" of Figure 30).

Following the fifth Subline @hd w Foi") are four Pieces
labeled by commentSoAperture”, "normal”, "reset LT" and
"aper". Thetoaperture andaper Pieces are again standard
PBO Lab Drift and Aperture Pieces, respectivelyhe T
PSI-TURTLEcomm Piece labeledréset LT" is identical

to the Concatenate Loss-Entries Piece discuss#tkin
preceding paragraph. Just before thds: LT Piece is
the PSI-TURTLEcomm Piece labelednormal”. This an
Aperture Inversions Piece (see Figure 29) and e o
parameter for this Piece is set to "0" which makis
PBO Aperture Pieces after this "normal" apertures,
rather than the solid cylinder that was labeledday".

The last Subline labeledrarget Histograms" includes a
drift (labeledtarget) from theaper Aperture Piece to the
"target" plane together with 2 PSI-TURTLEomM
Piece labeled vk_7" and 'penumbra". Key "Target
Histograms" Subline details are shown in Figure 33.

| |
 v= X Piot 1 p vs Xp Piot Momentum & Loss | Radils & Divergence I Palar Angles
Parameters Value Units Guidance Limits Parameters Value Units Guidance Limits
%Y ws X Plot (1=Yes, O=Ho) l1— o 1 @ s R Brofile (1=es, O=No) l1— o 1 @
:?:::X Axiz Lower Limit I 2000000 IC'“ | -toooooo 0.0000 @ 5fRadius Lower Linit I 1750000 IC'“ = 0,0000 0:7000 %
-ng;x Axiz Upper Limit ! 2.000000 IC'“ = 00000  100.0000 @ 5 Radius Upper Limit I 1.900000 IC'“ = 01000 1000000 @
f’ Number of X Bins l‘ﬁ— 10 50w .-55 Number of Radial Bins ITE“— 10 100 @
SY Axis Lower Limit i EX ]C'“ :_i 900000 00000 @ 5 ¥l Profile (1="¥es, =No} !‘U_" i} 1 @
5] ¥ s Uppor Limi l 2.000000 I o =] 00000  100.0000 < Divergence Lower Limit l 0.000000 I irad =] 0.0000 10,0000 &
5| Number of ¥ Bins. lzg— 10 50 @ 5 Divergence Upper Limit 10.000000 !mrﬂd = 10000 1000.0000 @
Comments: s Number of Divergence Bins: | 2g 10 100 &
¥I_T
Figure 33. Histogram request Pieces in the targbliige
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The PSI-TURTLEcomm Piece labeledyk_7" in Figure

33 specifies the parameters for a beam cross Bsectio
plot (y vs x). This is a 2-D histogram, often meéel to

as a scatter plot. The PSI-TURTLEowm Piece
labeled penumbra” in Figure 33 specifies the parameters
for a radial plot of the beam distribution. Thssa 1-D
histogram and provides the particle count as atfomc

of R=(¢+y?)*%. These 2 histogram requests provide
the data for the primary visualizations of the beam
distribution at the target plane, and are usetbyPSI-
TURTLE-graphs Module.

The file written by PBO Lab to run the PSI-TURTLE
computation engine is the Main Input FHeroo1.DAT.

It is common to never examine the Main Input Fde f
PBO Lab Application Modules - the output alone
usually provides any desired information. However,
for testing or purposes, it can be instructivexamine

the Main Input File. Figure 34A shows the firstflad

the Foroo1.0AT Main Input File for Double Scattering
Example, and Figure 34B shows the second half.
Several features of the file are noted in the Fagur

There are a significant number of lines in the
FOR001.DAT Main Input File that begin with a minus
sign "-". The minus sign effectively acts as a omant
character for the PSI-TURTLE computation engine
(turle32.dil) and those lines do not have executable
instructions. The lines that begin with a minugnsare
processed by the input reading partuefes2.di, and
reiterated in the output fileoroo2.0AT, but are not used
in the calculations. However, syntax errors ire$in
that begin with a minus sign can cause read ersors,
caution is urged for users modifying tlReroo1.pAT
text file directly (e.g. to use the PSI-TURTLE
Commandrun 'Foro01.DAT' for special situations).
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Any histogram request at the
end of the beamline will
generate distribution data for
the final beam in the
FOR111.DAT file. The PBO
Lab Command PSI-TURTLE
Plot Specification can then be
used to display a variety of 1-D
and 2-D plots of that data, not
just the histogram requested.
This capability is useful for
examination of the distribution
in order to refine plot limits,
selectnew histogram requests,
or prepare similar visualization
enhancements.

Wiite and Run FORGDT.DAT'
FSI-TURTLE Plot Specification

—p Wiite and View 'FORRD1.DAT
View FORDIT.DAT
Run 'FOROOT.DAT

PSI-TURTLE Command Fisces
PSI-TURTLE Parameter Fieces
PSI-TURTLE Optics Pieces

PSI-TURTLE PBO-Lab Pieces

Aveliany Input 3
List Windows: 4

PSI-TURTLE Optians

The PSI-TURTLE Command
Write and View 'FOR001.DAT'
will create a display the Main
Input File.
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Header Section Includes:
PBO Lab Model Name and Date of Run
PSI-TURTLE Module Version Number
Number of Macro-Particles (PBO Lab Global Parameter)
Calculation Order (PBO Lab PSI-TURTLE Option Parameter)
Particle Mass (PBO Lab Global Parameter)
Particle Charge (PBO Lab Global Parameter)
Random Number Seed (PBO Lab PSI-TURTLE Option Parameter)
Energy & Momentum Units (fixed for PBO Lab PSI-TURTLE Module)
Lattice Section Includes:
Comments on Beam Units & Feedback on Beam Piece Settings
... all remaining input from the Model Space of the Document Window

Hi& FOROD1.DAT E= e
File Edt Font

#DOUELE SCATTERING EXAMPLE RUN WEDNESDAY. JUNE 08 2016/ fj
{*%*x OASIS PBO-LAB MODULE FOR PSI-TURTLE VERSION 0.9 3.2 =xx)

100000

17.0 1. ~CRDER~

16.0 3.0 1.836153E+003 ~MASS EMASS~

— 16.0 29.0 1.000000E+000 ~CHARGE-

16.0 30.0 1 ~SEED~

15. 11.0 ~MEVC- 0.001

15. 12.0 ~MEV~ 0.001 ;

16.0 19%0. 0.0000 100,000 ~Fl00-

(*xx BEAM UNITS ARE CM., MRAD, CH, MRAD, CHM, XDP-P, MEV/C xxx)

(#®%xx CURRENT VALUE OF PSI-TURTLE MODULE OPTION ERMSTOBOUNDARY = 1. 118034 %)

{®xx GAUSSIAN BEAM === DIVIDES BY OPTION PARAMETER 1.118034 TO CONVERT TO 2-SIGHMA)

1.0 1.000005E-001 5. 000000E+000 1.00000SE-001

5.000000E+000 1.120000E+000 1. 000005E-001 3. 691320E+002 ~BEAM-

{*=* CORRELATIONS: CZ1 (C31 C32 C41 (C42 (C43 €51 CE2 CE3 CE4 Cel Ch2 Ch3 CE4 CEE xx)
12.0 0.000000E+000 0O.000000E4+000 0.000000E4+000 0.000000E4+000  0.000000E+000 O.000000E+000
0.000000E+000 0.000000E4+000  0.000000E4000 0.000000E+000

0.000000E+000  0.000000E+000 0O.000000E+000 0.000000E+000  0.000000E+000  ~COOR~

16.0 185.0 ~HULT~ ;

16.0 160.0 <INVS~ : (#% SLITS INVERTED #*=)
16.0 198. 0050 ~LTAEBLE- ;

9. 0050 ~H20- ;.  (** START OF FIXED LOOP =)

1.0 1.000000E+000 3.0 1.000000E+000 ~H20- ; (%* § MM LONG, 2 CH BY 2 CH. WATER BLOCK ==)
1.719000E+000 9.120000E4+000 5.234000E4001 6.570000E-001 2. 819000E+002
C760000E-002 9 .800000E-002 0.0 ~H20. ; (%% PROPERITIES FOR 0.1 MM SEGMENT OF WATER %%

1.000000E-004 ~HZO.
2.0 0 #H20- ;  (#* END OF FIXED LOQF =)
50. 11. 3. 470000E+002 3 .570000E+002 2. SO0000E-001
-&0. &. 0.000000E+000 1.000000E+000 5.000000E-002 ;
—&0. 21. 0.000000E+000 1.000000E+000 S.000000E-002
-E0. 22. 0.000000E+0C00 1.000000E+001 5.000000E-001
—50. 23, -9.000000E+001 9. 000000E4001 9. 000000E+000
=50, 24, -9.000000E+001 9. 000000E4001 9.000000E+4000
50. 12. 6.100000E+001 6&.600000E+001 2.500000E-001
-50. 13. 1.000000E-003 5. 000000E-001 2. 495000E-002
-&0. 14. 1.000000E-003 2.000000E-001 9. 950000E-003
—&0. 1&5. 1.000001E+000 2. 000000E+000 1.000000E-001
-&0. 1. —1.000000E+000 1.000000E+000 1.000000E-001
—&50. 3. —1.000000E+000 1.000000E+000 1.000000E-001
50. 2. -5.000000E+001 5.000000E+001 5. 000000E+000
-50. 4. -1.000000E4+001 1.000000E4001 1.000000E+000
-&0. E&. -1.000000E4000 1.000000E4000 1.000000E-001
=50. 6. -—1.000000E+000 1.000000E+000 1.000000E-001
16.0 198. 0010 ~LTABLE- ;
9.0 0010. ~STARTW. ; (*x FIRST SCATTERER, TUHGSTEH FOIL *x)

[ =]
oo o

-9.0 0010 ~_W~s ; (%% START OF FIXED LOOF #==)

i] 1.0 1.000000E+001 3.0 1.000000E+001 ~_W~s . (== TUNGSTEN FOIL, 37 .5 MICRON ==)

0 2.352000E+000 8.330000E4000 5. 0428000E+000 5.060000E-001 1.196000E+002

1.550000E-002 3 .770000E-002 0.0 »~_Wr ; (%= TUNGSTEN FROPERTIES FOR 3. 75 MICRON SEGHMENT OF W %)
0 2. 750000E-008 ~ Wr

-3.0 0 < _Wes . (%% END OF FIXED LOOEP %)

-2.0 0001, ~_EWDW~- ; (%= END FIRST SCATTERER, TUNGSTEN FOIL )

9 o. ;

6.
1
3.

v |50, 110 3.470000E+002 3.570000E+002 2. 500000E-001

hd|

< I3

Figure 34A. First part of the Double Scattering pée Main Input Filecoroo1.DAT.
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Lattice Section Includes:
... all input from the Model Space of the Document Window, including
Any supported PBO Lab Palette Bar Pieces on the Model Space
Unique PSI-TURTLE Module COMM Pieces (e.g. Histograms)
Unique PSI-TURTLE Module OPTICS Pieces (e.g. Material Scatterer)
User Entered Piece /ICOMMENTS/ (abbreviated if necessary)
PSI-TURTLE Module (** EXTENDED COMMENT FIELDS **) remarks

Footer Section Includes:
File Specs for Distribution Data (fixed for PBO Lab PSI-TURTLE Module)
Required Sentinel Lines for turtle32.dll

F FORDD1_DAT B E
Fle Edt Fort
A | -50. 5. 0.000000E+000 1.000000E+000 5.000000E-002 : |~

=50, 21. 0.000000E+000 1.000000E+000 5.000000E-002
=50, 22, 0.000000E+000 1.000000E+001 5.000000E-001
=50, 23. -9 .000000E+001 9.000000E+001 9.000000E+000 ;
-50. 24, -9 000000E+001 9.000000E+001  9.000000E+000 :
50. 12. 6.100000E+001 6.600000E+001 2. 500000E-001 :
=50, 13, 1.000000E-003 5.000000E-001 2. 495000E-002 ;
-50. 14. 1.000000E-003 2.000000E-D01 9. 950000E-003 ;
=50, 15, 1.000001E+000 2.000000E+000 1.000000E-001 ;
-50. 1. -1.000000E+000 1.000000E+000 1.000000E-001
—E0. 3. -1.000000E+000 1.000000E+000 1.000000E-001 ;
50. 2. -5.000000E+001 5. 000000E+001 5.000000E+000 :
.4 —1.000000E+001 1.000000E+001 1.000000E+000
=50, 5. -=1.000000E+000 1.000000E+000 1.000000E-001 ;
. 6. -1.000000E+000 1.000000E+000 1.000000E-001 :
3.0 4.500000E-001 ~FlF2-
198. 0001 ~RESET_IT~ :
1.0 2.500000E-001 3.0 2.500000E-001 ; {#*=* CIRCULAR APERTURE OR DISC =)
) .000000E+0D0S A
.000000E+D06 5
-000000E+0DO5 )
-000000E+006 ;)
.Q00000E+0OS )
.000000E+005 )
198. 0010 ~LTABLE- ;
.0 0010, ~/STARTW. : (%% SECOND SCATTERER. TUNGSTEN FOIL =)

oL e D3 R
e e = =

1]
]
]
1]
0

coooooo o

—9.0 0010 ~_Ws : (%% START OF FIXED LOOE %)
0 1.0 1.000000E+001 3.0 1.000000E+001 ~ s ; (%% TUNGSTEN FOIL, 37.5 HICRON =) |
0 3.352000E+000 8. 330000E+000 5. 048000E+000° 5.060000E—001 1.196000E+002

1.550000E-002 3.770000E-002 0.0 ~_W/ : (%% TUNGSTEN PROFERTIES FOR 3.75 MICRON SEGHMENT OF W %%
0 3.750000E-006 ~ W/ ;

-9.0 0 . Wr : (%= END OF FIXED LOOD »*x)

—9.0 0001.° ~#_ENDW/ : (%% END SECPMD SCATTERER. TUNGSTEN FOIL *%)

9. 0. :

3.0 9.800000E-001 ~TOAPERTURE-

16.0 161.0 ~HORMAL~ : (%% SLITS NORMAL ==)

1e.0 198, 0001 ~RESET LT~ :

6.0 1.0 1. 750000E+000 3.0 1.750000E+000 ; (%= CIRCULAR APERTURE OR DISC =)
1.000000E+005 =

1.000000E+006 ¢

1.000000E+005 ;)

1.000000E+006 ;)

1.000000E+005 ;)

)

cooooo

1

2
g
4.
By
B

1.000000E+005
7.000000E-002 ~TARGET~
51. 1. -2.000000E+000 2. 000000E+000 2. 000000E-001 ~Y¥X_ 7. :
. 3 -2 . 000000E+000  2.000000E+000 2.000000E-001
-51. 2. -1.000000E+001 1.000000E+001 5. .000000E-001 ¥ 77
-52. 4. -1.000000E+001 1.000000E+001 1.000000E+000 ;
11 0.000000E+000 1.000000E+002 5.000000E+000
. 8. 0.000000E+000 1.000000E+000 5.000000E-002 :
S0. 21. 1.750000E+000 1.900000E+000 1.000000E-002 :
22
23

coooooo

0.000000E+000 1.000000E+001 5.000000E-001
—9.000000E+001  9.000000E+001 9. 000000E+000
—50. 24. -9 000000E+001 9. 000000E+001 9. 000000E+000 ;
le. 1800 111. 0. ;

le. 1390, 0. 222 ;

SENTINEL
SFHTTHRT |

1] [

Figure 34B. Second part of the Double ScatteringniXe Main Input Fil&eoroo1.DAT.
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— Virite and Run FORODT.DAT'
PSI-TURTLE Plot Specication

Write and View ‘FORCCT.DAT
View FORDIT.DAT
Run 'FORG0OT DAT

PSI-TURTLE Command Fisces
PSI-TURTLE Parameter Fieces
PSI-TURTLE Optics Pieces

PSI-TURTLE PBO-Lab Pieces

Aumiliany Input 3
List Windows: 4

PSI-TURTLE Optiens

The PSI-TURTLE Command
Write and Run 'FORO001.DAT'
will write the Main Input File
(but not display it), run the PSI-
TURTLE Module computation
engine turtle32.dll, and when
the calculations are completed
open and display the Main
Output File FOR002.DAT.
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Note that thenumber of Macro-Particles Global Parameter
used for the "Double Scattering Example.pbol” is
100,000. That number is used for the output result
shown on the next few pages.

Using the PBO Lab PSI-TURTLE Command terite

and Run 'FOR001.DAT' " for the "Double Scattering
Example.pbol" model will carry out the calculations
specified and then display the text output file
FOR002.DAT. TheForoo2.DAT file is considerably longer
that the input file Koroo1.DAT) because it contains the
requested alphanumeric TURTLE histogram plots. A
small section of the output file, containing thess
section 2-D scatter plot requested usingdtwem Piece

labeled Yx_7" (see Figure 33), is shown in Figure 35.

fia FORD02 DAT P E3
File Edit Font
1Histogram Ho 7 TARG
horizontal axis ® in cm 1.5058 m from the target
vertical axis v in cm 1.505 m from the target
—2.000 0.0oo 2,000 totals
Txs—— N — RN ]
2.000 1.800 I 18EA9 I 42
1.&00 1 BT EYS$5555503 I 443
1.&00 1.400 I P58555555550 I 781
1.400 1.200 I VEEEEEE I 954
1.200 1.000 I JSSS66885066885H I 1075
1.000 0.800 I 65555585555884646858 1 1142
0.&00 0600 I $£3355558555588888888 1 1216
0.600 0.400 T 155555585855888888381 1 1297
. 0.400 0.200 I 28$5555884845888488%32 1 1286
0.z200 0.000 I 95358858858585888853C 1 1327
Flgure 35 DOUbIe 0.000 —0.200 I ISS585588588588488583F 1 1277
H —0.z200 —0.400 T 5555855885 5558588584 1 1290
Scatterlng Example -0 400 —0.600 T $56655885566558888 I 127D
—0.600 —0.800 I Qssssssssssssss8sU I 1294
—0.800 —1.000 I B555555885588888¢88 I 1129
OUtpUtFOROOZDAT -1.000 =-1.200 I DESSEEEeSasE88sR I 1065
-1.200 -1.400 I 1¥5888558888558 I 08
-1.400 -1.600 I 055555555550 I 707
-1.600 -1.800 I IVSS855857 I 459
-1.800 -2.000 I DHD3 I 46
IR R R RR ] -
3E I
L Ik
I 1111111111111 I
I 479012232322211074 1
I 38614551491022012863 1
totals I 57612567650090829974 I 19008
total number of entries = 149008 including underflow and overflow as follows
underf low overf low -
ACTOSS
down 0 1]
*%%x% Ellip=e paransters *%xx
horizontal : center = 0.007 EMS half width = 0.924
wertical . center = 0.006 RMS half width = 0.917
correlation: s=inchi = -0.007 EMS axea ~ pi = 0.849
~|
<] ] ]
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From the results in Figure 35 it can be seen thstt |
over 19,000 particle have survived to the targehis
represents a transmission efficiency of 19%. T 2
cross section plot shown in Figure 35 for the sung
beamsuggests a uniform central region. The $ symbols
in the plot just indicate that particle count isgy
saturated: each $ represents more than 1000Ipartic
The PBO Lab PSI-TURTLE Module has another
method to view the final beam distribution: PBCbLa
The PSI-TURTLE Module
Command BsI-TURTLE Plot Specification” Will open a list

Graph Tool Windows.

Vinte and Run 'FORCD1.DAT
—P PSI-TURTLE Plot Specification

Wiite' and View ‘FORGCT.DAT
View FORDIT.DAT
Run 'FOROOT.DAT

PSI-TURTLE Command Fisces
PSI-TURTLE Parameter Fieces
PSI-TURTLE Optics Pieces

PSI-TURTLE PBO-Lab Pieces

Aveliany Input 3
List Windows: 4

PSI-TURTLE Optians

The PSI-TURTLE Command
PSI-TURTLE Plot Specifications

window (Figure 6 in Section 2) that includes thd-PS . be used to access PBO Lab
TURTLE Plot Options available. Figure 36 shows the Graph Tool Windows for the
results of selectingrinal Beam Y vs X".

ngsXScd'lerPlot !E‘m

Pru‘lts Copya_:;?srzw Ly o Gl

i 2000000

1.0000

0.0000

-1.0000

i -2.000000

— Shifi-Click for Po=ition

Horz :

Mert l

Pen Width

LEGEND ind
19009 pts
Yve X

i -2.000000 -1

0000 00800 1.0000

Y {cm) vs. X {cm)

i 2.000000

Figure 36. PBO Lab Graph Tool Window for the

"Final Beam Y vs X" Distribution Scatter Plot.

final beam distribution.  The
options include displays that
might not have been requested
as a histogram plot.

The cross section scatter plot shown in Figure 36

reconfirms that the beam is distributed quite umnniy
within a circle of approximately 1 cm radius. Asgyit

be expected the divergence of the beam at thettarge

plane is not uniform. Figure 37 shows the resofts
selecting Final Beam Yp vs xp" for the PSI-TURTLE Plot

Option.
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The PSI-TURTLE Command

PSI-TURTLE Plot Specifications
provides options for displays not
requested as histogram plots.
Figure 37 illustrates one for the

Double Scattering Example.

TRANSPORT 3
TURTLE »
DECAY-TURTLE (3
MARYLIE »
TRACE 3-D »
PSI-TRANSPORT b

3

PSI-TURTLE-graphs Vrite and Run Input

PSITURTLE »

Compute Al AutoCales

The Write and Run Input
Command of the PSI-
TURTLE-graphs Module will
open a gratur32.exe console
window. Various plots can be
produced entering appropriate
data into the console window.
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E Yp vs Xp Scatter Plot !Em
Prinlg Copﬂ e Hus |
l 30.000000 T T T [ Shift-Click for Position
Horz :
Mert: l
15:0000 - Pen Width i1 vl
. LEGEND 2
13009 ptz
Sl T | vevaxe
=15.0000 -
I-EG.UUGUGU 1 1 1 "!
I_3G_ugnggg ~15.0000 0.0000 15,0000 | 20.000000
P (mrad) vs. XP (mrad)

Figure 37. PBO Lab Graph Tool Window for the
"Final Beam Yp vs Xp" Distribution Scatter Plot.

The displays of the PSI-TURTLEratur32.exe program
are needed to accurately quantify the results ef th
double scattering system. The PBO Lab supporting
PSI-TURTLE-graphs Module is used for this purpose.
Selecting the single Command availableit§ and Run
Input) OPEeNSs aratura2.exe console window. Data entered
into the console window is used to credisplays of

the data originally requested as histograms. Each time

a set of data input is completed in the consoledain

the corresponding display is added to an window
entitted HIGZ_01. Figure 38 shows thetura2.exe
console window completed for all 8 of the requested
histograms, while Figure 39 illustrates the resglti
HIGZ 01 window, for the Double Scattering Example
starting with 100,000 particles.
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A

Welcome to the TURTLE Graphic Histogram Option Programme.
Uersion 1.22b for Windows. using HBOOK/HPLOT from CernLih
Compiled with Digital Uisuwal Fortran Uersion 6

Graphic Data are stored on FORIBB.DAT via
16. 198. i. 188. ; Card in TURTLE Input—Deck.
B : create with each run a new FOR1BB.DAT

2 : update FOR1GBB.DAT with each run. The Figure 38 examp|e uses

There are 8 histograms stored on FOR1IBB.DAT most Of the default pal’ametel’s
All booked hiztograms refer to 1080688 rays

and will be shown in a window named HIGZ 8i. for the gratursz_exe console

Enter Width. Height of Screen in cm (D=19.5,.19.5> 36.68.38. — i i
Enter number of x and v zones <D=2.2> 3.3 — WIndOW' The eXCGptlonS

Fill lor dindices are: i i i

%::l 1:3: gtHére;ﬁ? 46:“;331ue, 5: yellow. 6: magenta. 7: cyan |nC|Ude the W|dth and He'ght
. st :

Eg::er c:'{orllncolglc fm Histogram. Zone and Picture (D=2.3.5> for the Screen (300, 300) and

For 3-dim Histogr
E:::er 3131m11n3g::° for Histogram. Zone and Pictuwre (D=4.5.7> the numbel’ Of X and y Zzones
Enter Hist b L —> clear scm 14D = 1>

hic ﬁi" S?IEBG"%‘E}"ZE?ZZ& 33523321 Scaling Cb = 1iny (3.3). The results of these
Uersion 1-23/09 of HIGZ started gratur32.exe console window

Enter pl. p2. p3. pd4 for hardcopy m for metafile or CR inpUtS are ShOWn in Figure 39

Enter Histogram_number [neg —> clear screenl <D = 2>
Enter LIN or LOG for type of vertical scaling <D = lin>»
Enter M{onochrome? or C<olored> <D = M>

Enter pi, p2. p3. p4 for hardcopy m for metafile or CR

Enter Histogram_number [neg —> clear screenl (D = 3>
Enter LIN or LOG for type of vertical scaling <D = lin>»
Enter M{onochrome? or C<olored> <D = M>

Enter pl,. p2,. p3. p4 for hardcopy m for metafile or CR

Enter Histogram_number [neg —> clear screenl (D = 4>
Enter LIN or LOG for type of vertical scaling <D = lin>»
Enter M{onochrome) or Clolored> <D = M>

Enter pi. p2. p3. p4 for hardcopy m for metafile or CR

Enter Histogram_number [neg —» clear screenl (D = 5>
Enter LIN or LOG for type of vertical scaling <D = lin>
Enter M{onochrome? or CColored> <D = M>

Enter pl,. p2,. p3,. p4 for hardcopy m for metafile or CR

Enter Histogram_number [neg —> clear screenl (D = &>
Enter LIN or LOG for type of vertical scaling <D = lin>»
Enter M{onochrome? or C<olored> <D = M>

Enter pil. p2. p3. p4 for hardcopy m for metafile or GR

Enter Histogram_number [neg —> clear screenl (D = 7>
Enter LIN or LOG for type of vertical scaling <D = lin>»
Enter €1, G2, CC, CS,. L, Li. L2. 8. 81, 82. 83, 84 <D =
Selected: Contour Plot {monochromel

Enter number of contour lines (D = 18>

Enter pl,. p2,. p3. p4 for hardcopy m for metafile or CR

Enter Histogram_number [neg —» clear screenl (D = 8>

Enter LIN or LOG for type of vertical scaling <D = lin>»

Enter M{onochrome? or C<olored> <D = M}

Enter pi. p2. p3. p4 for hardco m for metafile or CR >

Figure 38. Completeglatur32.exe console window for
all 8 histograms of the Double Scattering Example.

The gratur32.exe console window shown in Figure 38
uses nearly all default settings, with the exceptd
the "screen" (i.e. window) width and height paranet
and the plot arrangement (number of x and y zofogs)
the HIGZ_01 window. Users should refer to the PIS
Graphic TURTLE documentation (see Section 6) for
more information on the&ratur32.exe console window
options.
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Figure 39. Results of th@atura2.exe computations for
the 8 histograms of the Double Scattering Example.

The last histogram (#8) in Figure 39 (penumbra) for
the Double Scattering Example shows that the radial
fall off is somewhat "jagged" for the 100,000 palHi
simulation. Similarly the beam cross section pidhe
next to last histogram (#7) shows some quantitative
variation in the uniformity of the distribution dhe
target plane. This variation was not so disceenihl

the results shown in Figure 35 and Figure 36. To
improve the fidelity of theratura2.exe plots the number

of particles in the simulation needs to be incrdase
Figure 40 shows a result for the final beam cross
section, using a 10 million macro-particle simwati

with the PSI-TURTLE Module.
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W HIGZ 01 E= =

13/06/16 17.49

Histogram 7 {lin} at z= 1.508 m (TARG)

See Figure 19 for images of
the 12 basic types of 2-D
histogram displays available to
the gratur32.exe program.

Figure 40. Results of 10 million particle simulatiof
the Double Scattering Example, displayed with a'"S1
typegratura2.exe plot.

Figure 40 displays the final beam cross of the Doub
Scattering Example using @ratur32exe type "S1"
display. Figure 19 provides an overview of the
graturd2.exe plot types available for displaying 2-D
histogram data. The use of ten million macro-pkasic
significantly improves the fidelity of the resudsd the
"smoothness" of images created from the data.

Table 2 gives some approximate run times for the
Double Scattering Example for different numbers of

macro-patrticles. Times are given for two
representative  laptop computers of different
configurations.
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Table 2. PSI-TURTLE Module Simulation Times forile Scattering Example.
All results used PBO Lab 3.1.0.0 but the PSI-TURTM&dule versions differ.

Version No. of Particles

Computer Information / Operating System

Time (min:sec)

0.9.4.6 100,000

0.9.3.2 1,000,000
0.9.5.2 3,000,000
0.9.5.9 10,000,000
0.9.4.2 100,000

0.9.4.2 1,000,000
0.9.4.2 3,000,000
0.9.4.2 10,000,000
0.9.5.9 30,000,000

Intel T2400, 1.8 GHz, 987 MHz, 2.00 GB RAM / Win XP, SP 3 00:07
Intel T2400, 1.8 GHz, 987 MHz, 2.00 GB RAM / Win XP, SP 3 01:19
Intel T2400, 1.8 GHz, 987 MHz, 2.00 GB RAM / Win XP, SP 3 03:08
Intel T2400, 1.8 GHz, 987 MHz, 2.00 GB RAM / Win XP, SP 3 14:13
Intel i7-4702MQ, 2.80 GHz, 2.80 GHz, 16.00 GB RAM / Win 8.1 00:02
Intel i7-4702MQ, 2.80 GHz, 2.80 GHz, 16.00 GB RAM / Win 8.1 00:21
Intel i7-4702MQ, 2.80 GHz, 2.80 GHz, 16.00 GB RAM / Win 8.1 01:03
Intel i7-4702MQ, 2.80 GHz, 2.80 GHz, 16.00 GB RAM / Win 8.1 03:29
Intel i7-4702MQ, 2.80 GHz, 2.80 GHz, 16.00 GB RAM / Win 8.1 12:25

Run times are also dependent
upon other applications that
may be running simultaneously.
No other applications, other
than required operating system
and security routines, were
running for the Table 2 times.

Results for different PSI-TURTLE Module versions
are given in Table 2 although little difference %@
was seen using different versions for the same eumb
of macro-particles. However, for the first machine
listed it was observed that thiest execution of aWrite

and Run 'FOR001.DAT” command results in daster run
time than subsequentwfite and Run 'FOR001.DAT”
executions. The data shown in Table 2 are fofitbe
execution. For the second machine listed in T&ble
the times of the first and subsequent execution® we
the same.
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6. PSI-TURTLE Documentation
PSI-TURTLE Information and Links

The PSI-TURTLE Module utilizes selected executable

programs (.exe) and dynamic linked libraries (.tHgt

form part of the PSI Graphic Turtle Framework by U. pocumentation for the PSI
Rohrer based on a CERN-SLAC-FERMILAB version physics codes may be
by K.L. Brown et al. AccelSoft does not distribute  obtained from the website of
documentation authored by Uhrs Rohrer of the Paul e Paul Schererinstitute.
Scherrer Institute (PSI), but documentation for B&d

Graphic Turtle program may be downloaded from the

PSI| websitenttp://aea.web.psi.ch/Urs_Rohrer/MyWeb/turtle.htm

Documentation for the SLAC-FERMILAB version of
TURTLE and DECAY-TURTLE are distributed by
AccelSoft as part of the PBO Lab TURTLE Module
and DECAY-TURTLE Module wunder written
agreement with SLAC and FNAL. Please refer to the
PBO Lab User Manual Supplement:. TURTLE and
DECAY-TURTLE Modules. (The PBO Lab PSI-
TURTLE Module requires the PBO Lab TURTLE
Module, or the PBO-Lab DECAY-TURTLE Module.)

PSI-TURTLE Troubleshooting

Difficulties can be encountered with the PSI-TURTLE
Module, just as with any other software. AccelSoft
provides technical support to all PBO Lab usersseho
Technical Support & Product Update Service
(TS&PUS) is current. Users encountering a problem
should email their model (.pbol) file to AccelSefith

a brief summary of the problem. However, thereaare
few things users can look for on their own to plolysi
diagnosis and correct problems. These are sumadariz
on the next few pages.

71



\ﬁ-aT Commands  Tools Tu

Hide Palette Bar
Hide Global Parameters

TRANSPORT »
TURTLE >
DECAY-TURTLE »
MARYLIE >
TRACE 3D >
PSITRANSPORT »
PSLTURTLEgraphs  »

»

»

PSI-TURTLE View FORDO1.DAT

View "FORD0Z2.DAT

Tools.

Open Scratch File
Physical Constarts

Restart PBO Lab after a hard
crash and use the View menu
to look at the Main Output File
FORO002.DAT. It can give an
indication of where a problem
may be in the Main Input File.
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The PBO Lab PSI-TURTLE Module relies on the
turtle32.dll "computation engine" for physics calculations.
As a dynamically linked library, any "crash" in the
turtle32.dll library will generally result in a crash in PBO
Lab itself. A "hard crash" of this type may resulthe
display of a run-time error window similar to that
shown in Figure 41.

fortl: severs (BO): infinite format loop, unit &, file FORDOZ.DAT

Image BE Routine Line Source

tutle32dll  D4BBASFS Linknown Unknewn: Unknawn
tutle32dll  O4BEATFS Unknown Unknowwn Unknown
tutle32dl  04B29984 Unknown Unlknown Urknown
tutle3Zdil  04BBSBFE Unknown Unknown  Unknown
tutle32dl  D4BFFETT Unknown Unknown Unknown
turtle 32 dil G4BTEDAR Unknown Unknown Unkrnown
totle32.dl  D4B7208A Unknown Unknown Unknown
tutle32dll  D4B73660 Unknown Unknown Unknown
tutle32.dl  04BE1534 Unknown Unknown Unknewn
tutle22dl  04BR1099 Lnknown Uriknown Unkriown
PBO-Labiexe 00855587 Unkrown Unknown Unknown
PBO-Lab exe 00857178 Unkngwn Unknown - Unknown
PEO-Lab.exe BOBBATFE Unknown Unknown Unknown
PBO-Lab exe BOBSTE4A. Unknown Unknown Unknown
FBO-Lab.exe 004565313 Unknown Unknown Unknown
wrimprE50.dil 1179036 Unknown Unknown. Unknown
xnmprd50.dil 1CTI2BEE Unknown Unlerowr Unknown
anmba457 dil 1C032B37 Unknown Unknown Unknown
arimbad 57 dll TCO4FCTE Unnown Unknown Unknown
xamba457.dl  1C025422 Unknown Unlenown Unknown

Figure 41. Example of a run time error dialog
resulting from a "hard crash" in theies2.di library.

The actual dialog display will depend upon the
configuration of the Windows software and complier
applications that may be installed. Frequenthe th
information displayed is much less than shown in
Figure 41, but the first line will usually appear.

Any problem causing difficulty for thertie32.dil library

Is almost always a problem with the Main Input File
FOR001.DAT. If you restart PBO Lab, and use thew
menu to open the Mai@utput File Foroo2.DAT, there
may be information near the bottom of the file that
points to the problem. (If the crash occurs befuomg
data is written tororoo2.DAT a dialog will appear
saying 'FOR002.DAT file does not exist".)
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A more common problem is that thetes2.di library
completes its execution, and the Main Output File
FOR002.DAT successfully opens, yet there are no
histograms appearing at the endrokoo2.0AaT. Figure

42 shows an example of the type of information that
may appear at the bottom of theroo2.pAT file instead

of histograms.

4 FORD02.DAT H[=E3
File Edt Fort .
_ = Users enCOUnterlng the typeS
Hext label truncated to 4 characters. H H
16.00 ANORM~ 161.000000 0.000000 0.000000:; of problems shown in Figure
(#% SLITS HORMAL == ] . .
Hext label truncated to 4 characters. 42 are requested to ema” the|r
16.00 ~RESE~ 198 . 000000 1.000000 0.000000; .
6] ;s 1.000000 1750000 3000000 1.750000; model (.pbol) file to AccelSoft.
(*% CIRCULAR APERTURE OR DISC %= ] . .
Scanning stops dus to error at position shown below It may be pOSSIble to f|nd a
(6.0 1.0 1.000000E+005% ] . i . .
. o solution that does not require
9th entry (id) on "add to beamn" card is missing. = i
R , 'F_I restarting PBO Lab.

Figure 42. Example of error reportingrAnroo2.DAT.

Errors reported at the bottom of theroo2.0AT output
file are often the result of a problem in the M&put Encountering &  PBO-Lab
File Foroo1.0AT, but not always. Thertes2.dil library is crash shortly after start up, that
loaded at the start up of the PBO Lab softwaree Th displays a dialog similar to that
library remains "open" as long as PBO Lab is open, shown in Figure 43, can reflect
and in particular, any initializations executed tae ?TJRe;LOéI\/Ilrc])dllj)lzdrvgoi(;h;oul:;)ls;:
first use of thewrties2.di library are not automatically  .ing a model file to open i,
repeated. It may be necessary to close and reepén or using the File . Recent Files
Lab before re-attempting the computation. menu, until the problem is
resolved.
PBO Lab may crash under certain circumstances.
The resulting dialog will reference PBO-Lab, but Use "Close program* button
the details in the dialog will depend upon the :
operating system. A typical example is shown in
Figure 43. This may occur shortly after opening
a model (.pbol) file and reflect an error in
loading the PSI-TURTLE Module for that
model. The problem can often be solved by
restarting PBO Lab, using the Fil@Open menu
to open the modeknd continuing to leave the
start-up "untitled1" document open.

Figure 43. Example of a
PBO Lab crash dialog.
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