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“TURTLE User Manual” as used in this PBO Lab 2.0 User Manual Supplement refers to:
TURTLE with MAD Input (Trace Unlimited Rays Through Lumped Elements), A Computer Program
for Simulating Charged Particle Beam Transport Systems, and DECAY TURTLE, Including Decay
Calculations, by D. C. Carey, K. L. Brown, and Ch. Iselin, September 1999.

Fermi National Accelerator Laboratory report number Fermilab-Pbu-99/232.

Stanford Linear Accelerator Center report number SLAC-R-544.

Reproduced for distribution with PBO Lab by permission.

DISCLAIMER NOTICE (TURTLE - Fermi National Accelerator Laboratory):

This material was prepared as part of work sponsored by the United States Department of Energy. The
Department of Energy, Universities Research Association, Inc., and their agents and employees, make
no warranty, express or implied, and assume no legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, apparatus, product, or process disclosed, nor represen
that its use would not infringe privately owned rights.

TURTLE (Trace Unlimited Rays Through Lumped Elements) is a FORTRAN program maintained and
distributed by the Fermi National Accelerator Laboratory. DECAY-TURTLE is also a FORTRAN
maintained and distributed by the Fermi National Accelerator Laboratory. Both TURTLE and DECAY-
TURTLE are distributed with the PBO Lab software with the written permission of Fermi National
Accelerator Laboratory.

Running either the TURTLE or DECAY-TURTLE programs is accomplished directly from the PBO
Lab interface - each code is fully integrated with the graphic user interface. The PBO Lab 2.0 (Particle
Beam Optics Laboratory) User Manual describes the PBO Lab user interface. Two separate PBO Lab
Application Modules are available for TURTLE and DECAY-TURTLE, repectively. This Supplement
discusses the PBO Lab commands and options for both the TURTLE and DECAY-TURTLE Application
Modules. Refer to the “TURTLE User Manual” distributed with this supplement for a description of
the TURTLE program.
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1. Getting Started

This Getting Started Section is intended as a quick start
introduction for running the TURTLE and DECAY-TURTLE
Application Modules. The remainder of this Supplement
describes the PBO Lab user interface features that are specific
to these two Application Modules. Refer to the PBO Lab
User Manual for more general information on the PBO Lab
user interface. The TURTLE Documentation: “TURTLE
with MAD Input (Trace Unlimited Rays Through Lumped
Elements) A Computer Program for Simulating Charged
Particle Beam Transport Systems and DECAY TURTLE
Including Decay Calculations, describes the TURTLE and
DECAY-TURTLE programs and is included with this
Supplement.

TURTLE

TURTLE is a multi-particle ray tracing program used to

transport particles through a charged particle opticak turtLe program can be used to
system. TURTLE is an acronym for Trace Unlimited Raysaluate the effects of aberrations in
Through Lumped Elements. The TURTLE program igeams with small phase space
useful to support the analysis of beamlines designed f@lume. including chromatic
TRANSPORT or for other PBO Lab Modules and can &erations, efff,e‘lf of ”g”"'”ea““e_s
used to model misalignments, apertures, slits, bedff conetc Hets anc geomete
distortion and particle loss. TURTLE is often used tQ.ond-order effects.

evaluate the effect of aberrations which exist in beams

with small phase space volume, including higher order

chromatic aberrations, effects of non-linearities in

magnetic fields, and higher order geometric aberrations

due to the accumulation of second-order effects. The . (or DECAY-TURTLE) option
lumped element approximation implemented by T_URTLei” be added to the Application
precludes conventional local geometric aberrations dbghtext pop up in PBO Lab
to large phase space. Refer to the TURTLEocument Windows when the
Documentation included with this Supplement for application Module is installed.
complete discussion of the uses and limitations of the

TURTLE program.



DECAY-TURTLE includes the ability to
track both the original (Parent)
particles and two decay products
(Daughters) for radioactive beams.

Professional Versions of both
TURTLE and DECAY-TURTLE for PBO
Lab are available from AccelSoft.
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When the TURTLE Application Module is installed in
PBO Lab, a TURTLE option will be added to the
Application Context pop up in PBO Lab Document
Windows. The Application Context is used to indicate
native inputs and in some cases, access application-
specific user interface windows. TURTLE sub menus will
also be placed in the View and Commands Menus.

DECAY-TURTLE

DECAY-TURTLE is a FORTRAN code for simulating
the propagation of charged particles through an accelerator
beamline or magnetic transport system. It is similar to
the TURTLE program in many respects, but includes the
additional ability to track both the original (Parent)
particles and two decay products (Daughters) for
radioactive beams.

When the DECAY-TURTLE Application Module is
installed in PBO Lab, a DECAY-TURTLE option will be
added to the Application Context pop up in PBO Lab
Document Windows. DECAY-TURTLE sub menus will
also be placed in the View and Commands Menus of the
PBO Lab Document Windows.

Professional Versions of both TURTLE and DECAY-
TURTLE Application Modules for PBO Lab are available
for users who have custom or unique requirements.
Contact AccelSoft for further information.

This PBO Lab Supplement for the TURTLE Application
Module describes the PBO Lab user interface features that
are specific to the TURTLE and DECAY-TURTLE
Application Module. Unless otherwise stated, the features
described for TURTLE are applicable to DECAY-TURTLE.
However, specific sub sections are provided for features
that are exclusive to the DECAY-TURTLE program.
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Running TURTLE

TURTLE is executed from the TURTLE Commands
menu, shown in Figure 1, by selecting either the Write
Input and Run TURTLE or Run ‘Turtle Input’ File
commands.

TRANSPORT 3
3

‘wirite Input and Run TURTLE
MARYLIE 4 . -
| ueEEey D \_\f::: m::s::'e;.re The TURTLE Commands menu is used
Compute All AutoCales  Fiun Turtle Input File to generate native TURTLE input and
Iu'f'eP'DELiS‘ execute the TURTLE program.
st Commands are also provided
Figure 1. TURTLE Commands Menu. for Options and Plot Specifications.

The first command is the primary command for generating

input and executing TURTLE. The three commands in

the second group are used to generate native

TURTLE input without automatically executing the

program. The input file generated by PBO Lab can [ first TURTLE command is used to
edited directly and then the last command in this gro@ﬁ“erate native input and execute
can be used to execute TURTLE with the modified input RT-E: The second group of

Th q ided f that commands is used to generate the
eS.e Comman S are_ provide or users a arra%ve input file for TURTLE without
experienced with the native format and syntax supportggomatically executing the program.

by the TURTLE program.

The last two items in the TURTLE Commands menu are
used to access TURTLE Options and Plot Specifications.
These are each described in separate Chapters in this
Supplement.

Running the TURTLE Module is straightforward. Simply

select Write Input and Run TURTLE from the Commands

Menu as illustrated in Figure 2. The command is executed

after the mouse button is released, causing PBO Lab to

write the Turtlelnput file for the current beamline model

as defined in the model space of the Document Wind@y the TURTLE program by simply
and run the TURTLE Application Module. UpoOnselecting the Write Input and Run
completion, the TurtleOutput file will be displayed in &URTLE command from the
PBO Lab Text Edit Window, as illustrated in Figure 2. Commands Menu.



Turtle I/O files are overwritten on each
execution of the Write Input and Run
Turtle or the Write Input and View
Commands.

Figure 2 is an example of the
TurtleOutput file displayed when
execution is complete. The content
of the native TurtleOutput file will
depend on various Plot Specifications
and Options set by the user.

LCommands
TRANSPORT v
TURTLE v white Input and Run TURTLE
MARYLIE
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r~ Thefirst TURTLE Command

3 . "

5 wirite [nput and Yigw
Wiew Turtle Input' File
Bun Turtle Input' File

TBACE 3D

LCompute All AutoCales

Prepares a Turtle Input file for
the Beamline in the Model
Space and then Executes the

Turtle Plot List TURTLE Program
Options
B8 TurtleDutput v H=]
File  Edit Font
H STCCRAM NO 1 :I
HORIZONTAL AXIS X INM .959 M FROM THE START
VERTI CAL AXI S X INR .959 M FROM THE ST
-.010 -. 006 -.002 . 002 . 006 . 010
| TOTALS
-.014 TO -.013 | | 0
-.013 TO -.012 | | 0
-.012 TO -.011 | | 0
-.011 TO -.010 | 1 12 11 | 7
-.010 TO -.009 | 141132 1121 1 | 18
-.009 TO -.008 | 213 12 1111 11 I 15
-.008 TO -.007 | 123515 3123 4 1 1 | 32
-.007 TO -.006 | 15 2246438 41132 | 46
-.006 TO -.005 | 11 2 141 3322634222 2 | 41
-.005 TO -.004 | 1321648332339327214 1 | 68
-.004 TO -.003 | 112323434466124221323 | 59
-.003 TO -.002 | 2122253354353384551311 | 71
-.002 TO -.001 | 213446154413723342 1 | 60
-.001 TO .000 I 2 1254452551A32412212 | 63
.000 TO .001 | 132 41242289233515 53 2 | 67
.001 TO .002 I 1 1121475444227454224212 | 71
.002 TO .003 | 1134 64764225313443311 1 | 69
.003 TO .004 | 1 33 75341583162 12311 2 | 62
.004 TO .005 | 2221433521542543145123 1 | 65
.005 TO .006 | 2252 2356454631 2 1 | 53
.006 TO .007 | 23 231264 223443311 | 46
.007 TO .008 | 12112 2121328 1131 | 32
.008 TO .009 I 21113613 14323 1 | 32
.009 TO .010 | 2112 21121 | 13
.010 TO .011 | 11 41 | 7
.011 TO .012 1| 111 | 3
.012 TO .013 | | 0
.013 TO .014 | I 0
T s
| |
| |
| I
| 112255754775657543421 |
TOTALS | 00000000000015474974236763892218408640000000000000 | 1000
TOTAL NUMBER CF ENTRI ES E 1000 | NCLUDI NG U\[EFFLON/g\g_n_O»/EFFLON/S FOLLONS
ABOVE 0 0 0
0 1000 0
BELOWV 0 0 0
SUM OF SQUARES = 3910. —
CENTER = . 000 RVS HALF WDTH = . 002
CENTER = . 000 RVE HALF WDTH = . 005
QORRELATI ON = . 0103 ~|
A oY

Figure 2. Executing the TURTLE Application Module.

The native TurtleOutput file is automatically displayed
in a scrollable Text Edit Window following the execution
of TURTLE. The content of the Output file will depend
on the Plot Specifications and Options set by the user.
Use the Save As command in the File Menu of the Text
Edit Window to rename the output file if desired. The
Turtlelnput file, TurtleOutput file and Turtle PlotData file
will be overwritten on any subsequent execution of the
TURTLE Application Module.
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Running DECAY-TURTLE
d fd}hapter 8 in this Supplement

Running DECAY-TURTLE is the same as describe ides a tutorial examble of usin
the TURTLE Application Module. However, DECAY- p 0P 2 P ’
TURTLE is executed from the DECAY-TURTLE

Commands menu, shown in Figure 3.

The DECAY-TURTLE
o . T Commands Menu is used to
Fid PBO-Lab - Example B - Pion After Fit.pbol Execute DECAY-TURTLE | _ (O] %]

Eile Edit View QEUIEGWEE Tools  Tuborial

DECAY-TURTLE:  IRANSPORT , l}_q' oo B B =% e

TURTLE
e DECAY-TURTLE Write Input and Run DECAY-TURTLE

Floor Coordinates

The Parent Particle Lifetime and the Decay product
Masses for DECAY-TURTLE are accessed in the
Tracing/Tracking Global Parameters tab panel

MARYLIE L3 10000 @

WWrite Input and Yiew
- \View'DTurtleInput' File 1 10000
Compute All AutaCalcs Run ‘DTurtleInput’ File

~

TRACE 3-D 3

10 100

Decay-Turtle Plat List
Particle Lifetime (Parent) 0.0000

Options
,_p - 05110 13806000 &

INF

Decay Particle 1 Mass

T T T
Decay Particle 2 Mass Ig_gggggg Me - 0.5770 338416 @

B By — E o
B |- _ el & @A
Quad Orift Drift Quad | | mamer | | oritt | |Apertare| | Mamer | | Drift nal

DRFT  DRFT  HF@D xSect. zero newasp. x3ect. zero FIMAL

4 The names and charges of the R
primary (Parent) particle and the
decay products are set using the

g PBO Lab Special (SPEC) Piece )

Figure 3. DECAY-TURTLE Commands Menu.

22 Pieces

DECAY-TURTLE requires some additional Global

Parameters to be specified for the Parent Particle Lifetime

and the Decay Particle Masses which are set in the Tracing/

Tracking panel of the Global Parameters. The names and

charges of the primary (Parent) particle and the g o th
(secondary) decay particles are set using the PBO Iqqaz@?r{g?;facukfrt,; ;:fﬁ g‘ﬁﬁ?gﬁ‘;b;

Special (SPEC) Piece. Parameters. The charges of the decay
particles are set using the PBO Lab

Refer to the Beamline Global Parameters Section foISR&C Piece.
description of the Global Parameters used by DECAY-
TURTLE. The Special Piece Section describes naming
particles and specifying the charge parameters for decay
particles the charge parameters for decay particles.



PBO Lab provides interactive Graph Plot
Windows that replace the native
character based plots generated by the
TURTLE and DECAY TURTLE programs.
Examples of the PBO Lab Scatter Plots
are shown in Figure 4.
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PBO Lab also provides graphic representations of the data
generated by TURTLE and DECAY-TURTLE. Any plot
specifications will result in PBO Lab Graph Plot Windows
opening automatically after execution.

Plot Specifications can be created for any location in the
beamline by placing a Marker Piece in the beamline model
and accessing the Plot Specification Window with the
Open Button in the Diagnostics panel. The Plot List
command in the Commands Menu (TURTLE and
DECAY-TURTLE) can be used to list and access all of
the Plot Specifications for the entire beamline. Refer to
the Marker Piece Section in the Beamline Elements
Chapter, as well as the Plot Specifications Chapter in this
Supplement.

PBO Lab interactive Graph Plot Windows, such as those
illustrated in Figure 4 below, are automatically created
for the data generated by TURTLE and DECAY-TURTLE.

Turtle Plot Window BH=1E
Print. Copy %husw it iad SetScale
0.014400 T T e -
Shift-Click for Pasition
x
¥
0.0072 < Pen Wicth 1 7
LEGEND =
0.0000 . 4 ¥ (rad) vs. Y (m)
00072 Turtle Plot Wi [ TO] ]

Prirt. Copy s st vad SetScale

0.014400 T T T o .

-0.014400 1 Shift-Click for Position
-0.010700 -0.0054 C x
¥ (rad) vs. Y (m) ¥
0.0072 |~ - Pen Wicth 1 hd
LEGEND =
0.0000 (= 4 XK' (rac) vs. X (m)
-0.0072 =
~0.014400 1 1 1 |
-0.010700 -0.0054 0.0000 0.0054 0.010700
K (rad) vs. X (m)

Figure 4. PBO Lab Graph Plot Windows for TURTLE.

8
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2. Application Modules

This Section describes the PBO Lab Application Context
and beamline Global Parameters that are specific to the
TURTLE and DECAY-TURTLE Application Modules.
Refer to the Getting Started and User Interface Chapters of
the PBO Lab User Manual for general information on the
PBO Lab user interface. The TURTLE Documentation,
included with this Supplement, describes the specifics of
both the TURTLE and DECAY-TURTLE programs.

Set the Application Context pop-up
for the TURTLE or DECAY-TURTLE
Application Module

Tab Panels Provide Access to
Additional Global Parameters used
by TURTLE and DECAY-TURTLE

ﬁ PBO-Lab - Example B - Pion After Fit.pbol *

=] B3

Commands Tools  Tutorial

¥ 2 Disded X alws S 2 o
[

Globals Tracing/Tracking [) Floor Coordinates

Particle Charge 1 a3 @

@

Green Dots Indicate which ,
Parameters are Native Inputs for
the Current Application Context

Particle Mazs 139.600000 e 05110 222e+005 &

Pl

Beam Energy 24 63304 et 00010 1.00e+010 &

4

Beam Current 0.000000 mamp 0.0000  1.00e-007

]

Frequency 60.000000 hHZ 3.0000 300e+004 &

Fl

Maximum Step Size 0.010000 0.0020 40,0000

3
Fl

LML

By Fa ] Fa ] B C;T 2
- - -| B |- - -| B |- - -| B |- - -| B |- - - @ - & - -|
ua Drift Drift Quad Drift Drift Quad Drift Drift Quad Drift Drift Quad Drift Fperture | | Mamer DOritt Final

DRFT  DRFT  @D-2 DRFT DRFT  @D-3 DRFT DRFT  @D-4 DRFT DRFT  HFQD xSect. zero newap. =Sect.  zero  FINAL

[
Figure 5 TURTLE Application Context and Global Parameters.

| 22 Pieces

The Application Context pop up in the Button Bar of the

Document Window (Figure 5) contains selections for all

of the installed Application Modules. The Application

Context does not have to be set to a particular Applicatiom selected Application Context is
in order to execute menu commands. However, thgd toactivate application - specific
Application Context is used to provide indicators fofontrols and user interface windows,
native input parameters based on the current cont eggg'fer;;g;’cf‘;f't?‘gei‘;g:'cat'on
selection. Native inputs are indicated in the Global '
Parameters and in each Piece Window using green dots

that appear to the right of a parameter (Figure 5). The

Application Context is also used to access application-

specific windows.

11
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Beamline Global Parameters

The PBO Lab Beam Line Global Parameters are described

in the Getting Started and User Interface Chapters of the
fg?ﬁ:beﬂ?rza'bza;':ﬁteer;irge?"::3 PBO Lab User Manual. This Section discusses the Global

Parameters that are used by the TURTLE and DECAY-

T 1al
include inputs for TURTLE Application Modules.

Particle Charge,
Particle Mass,
Beam Energy and

The native Global Parameters for TURTLE and DECAY-

Frequency. TURTLE include the Particle Charge, Particle Mass, Beam
Energy and Frequency. These parameters are indicated
with green dots, as illustrated in Figure 6, when the
Application Context is set for TURTLE or DECAY-

TURTLE in the Document Window.

Hide and Show the Global
Parameters from the View
Menu or the Button Bar

B PBO-Lab - Example B - Pion After Fit.pbal *
Fle Edit ¥y >Commandd Taoks Tutorial

[ =] B8y Dl afe 3¢ ol odn) 2w 2] o

Globals I Tracing/Tracking ] Floor Coordinates }’
Fal G e e 1 93 @

Beam
Particle Mass 139.500000 Mo 05110 227e+005 ©
Beam Energy 24 633104 gy 00010 1.00e+010 & '

0.0000

1.00e-007

Beam Current

30000 3.00e+004 @

Frequency

0.0020 10.0000

Mazimum Step Size

The Beamline Global Parameters

are accessed from three tab
panels that float over the Work
Space of the Document Window

indicate the Native Inputs for the
Current Application Context

built-in Default Values

Global Parameters have Guidance Limits Alert User if Parameters
Are Outside Reasonable Bounds

[_[O]x]

22 Pieces

Different Units Options Are
Available for Most Parameters

Figure 6. Beamline Global Parameters in the Document Window.

12
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Both TURTLE and DECAY-TURTLE also use the
Number of Macro Particles Global Parameter, which is
found on the Tracing/Tracking Global tab panel. Click,e number of Macro Particles Global
on the Tracing/Tracking tab in the Document Window teirameter used by TURTLE and
access the Number of Macro Particles Global ParametssgAY-TURTLE is found on the
as well as, additional Global Parameters used by thaging/Tracking tab panel.
DECAY-TURTLE Application Module.

Figure 7 shows the Tracing/Tracking Global Parameters
tab panel. In addition to the Number of Macro Particles
Parameter, DECAY-TURTLE also uses the last thregiditional Global Parameters found
Global Parameters in this tab panel: Particle Lifetime the Tracing/Tracking tab panel are
(Parent), Decay Particle 1 Mass and Decay Particleud exclusively by the DECAY-

variety of PBO Lab calculations and displays or they may

Mass. The remaining Global Parameters are used fofV&'\t Module:
Particle Lifetime (Parent),

Decay Particle 1 Mass and

be used by other Application Modules. Decay Particle 2 Mass

Included with the beamline Global Parameters is a tab
panel for Initial Floor Coordinates of the beam reference
trajectory. These parameters are not used by the
TURTLE or DECAY-TURTLE Application Modules.

The Application Context is
set in the Button Bar of the
Document Window

Additional Beamline Global Parameters
for TURTLE and DECAY-TURTLE are
accessed from the Tracing & Tracking tab
panel in the Document Window

[_[O]x]

B PBO-Lab - Example 5 - Pion After Fit.pbol *

Ele Edit Wiew Cgafmands Tools Tutorial

L B/ D s (o8] EEE

Globalz ] Fongrrackg—~& I Floor Coordinates
Mumber of Macro-Paricles  [qqpg 1 10000 &

1 10000

Murmber of Tracking Turns

|1DD
Cutput Distributions every |1g Turns 10 100

Farticle Lifetime (Parent) Ig_gggggz miliseconds 0.0000 INF - &
Decay Particle 1 Mass |105_553339 ety - 05110 1396000 & {
Decay Particle 2 Mass Ig_gggggg ety - 0.5710 33846 @

— |—] P | — |— | ®¥| |— |— | ®E| |—] |—] | ¥*% — j—
- - -| B |- - BEI AN - BEI AN - -| B - - - @ - A - -
ua Drift Drift Quad Drift Drift Quad Drift Drift Quad Drift Drift Quad Drift Fperture | | Mamer DOritt inal

DRFT  DRFT  @D-2 DRFT DRFT  @D-3 DRFT DRFT  @D-4 DRFT DRFT  HFQD xSect. zero newap. =Sect.  zero  FINAL

Green Dots next to Global Parameters
indicate the Native Inputs for the
Current Application Context

22 Pieces

Figure 7. PBO Lab Global Parameters Used for DECAY-TURTLE.
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The Particle Charge, Particle Mass, Beam Energy and
The Particle Charge, Particle Mass, ~ Frequency are among the first five Global Parameters and
Beam Energy and Frequency are in  are readily accessible in the Global Parameters Pane on
the Globals tab panel in the the Work Space of the Document window. These
Document Window. Parameters are used to generate native inputs, such as the
mass of particles in the beam, the reference trajectory
momentum and the reference momentum for magnetic
fields, for both TURTLE and DECAY-TURTLE.

The Tracing/Tracking Global Parameters tab panel is used
to access the Number of Macro Particles Parameter and
the Particle Lifetime (Parent), Decay Particle 1 Mass and

Decay Particle 2 Mass used by DECAY-TURTLE.

The Number of Macro Particles Global Parameter is used
to specify the number of rays that will be traced through
the beamline. Itis set to one thousand (1000) as a default
value but has a practical range from one to ten thousand,
which is reflected by the Limits displayed in the Global
Parameters Pane. These are “soft” limits which do NOT
The Number of Macro Particles  Festrict the user’s input in any way. They are simply
Global Parameter is used to specify  Indicators of a reasonable range for a parameter based on
the number of rays that will be traced @ variety of factors such as other Global Parameters. The
through the beamline. maximum number of rays (Macro Particles) is dependent
on other storage requirements, such as the number of
elements in the beamline model. Computation time is
also a factor for tracing a very large number of macro
particles.

The lifetime for the parent particle used by DECAY-
The Decay product Masses are setin - TURTLE and the decay product Masses are also set in
;T;;rrr?;r;?grﬁ‘xgv‘;fﬁ'eogﬁ;e'g:f;' the Tracing/Tracking panel of the Global Parameters.
decay particles are set using the peo [ JOWeVer, the Charges for decay particles are set using
Lab Special (SPEC) Piece. the PBO Lab Special (SPEC) Piece. The use of the Special

Piece is described in the Special Piece Section of the

Beamline Elements Chapter.
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3. Beamline Elements

The PBO Lab Pieces implemented for the TURTLE and
DECAY-TURTLE Application Modules are listed in Tablenot ail of the beamline elements
1 below. Native inputs for these elements are indicatehblemented in PBO Lab are
with green dots in the Piece Windows when th#pported byall Application Modules.
Application Context is setto TURTLE or DECAY- Table 1lists all of the Pieces that are
TURTLE in the Document Window. Green dots arf;om2ed b TURITLE and DECAT
. . . e . . Pieces in the beamline model
displayed to the right of |nd|V|c_IuaI_ Piece Parameters thgl, . . not supported will be treated
are used to generate the native input files for TURTLE zero-length drifts when generating
and DECAY-TURTLE. native input for TURTLE and DECAY-
TURTLE.

Table 1. PBO Lab Pieces supported by

The Beam Piece is used to

TURTLE and DECAY-TURTLE. AR :
| specify initial particle
— — =1 distributions.
Beam Bend @ Accelerator ? Eta .
A | The Marker Piece is used for
— — P wawer | setting Plot Specifications.
N . ®@ . Y51
oune | Drift Edge wn | Align = Param
—— The Aperture Piece is used
= @ W — n% exclusively by TURTLE and
2= | Quadrupole| | V| Lens 4| Kicker e APETtUrE DECAY-TURTLE.
T T o - — The Special Piece is used to
Md Solenoid Plasma ;%; ARMS s”:;‘ Special o=l specify particle charges for
Lens DECAY-TURTLE.
m (2| N
17| RF Gap =1 Sextupole M% Rotate “’a&m Marker
d ' (Final)
) 3 .
Sector Bend || Octupole || == | Septum Final
| . [hB] .
Rectangular| | 1| Centroid [ (L=al} Matrix
Bend

The Piece Window user interface is described in the
Getting Started and User Interface Chapters of the
PBO Lab User Manual. However, the Beam Piece,
Marker Piece and Special Piece have features specific to
TURTLE and DECAY-TURTLE which are described in
this Chapter. The Aperture Piece is used exclusively by
the TURTLE and DECAY-TURTLE Application Modules
and is also described in this Chapter.
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The beamline model must include a
Beam Piece in order to generate
the native beam inputs for TURTLE
and DECAY-TURTLE.

The Green dots to the right of
individual parameters indicate which
will be used to generate TURTLE and
DECAY-TURTLE inputs.

PBO Lab 2.0 User Manual Supplement: TURTLE & DECAY-TURTLE Modules

Beam Piece

The PBO Lab Beam Piece is used to define an initial particle
distribution for TURTLE and DECAY-TURTLE. The
beamline model must include a Beam Piece, usually as the
first piece in the beamline, as illustrated in Figure 8.

Double-click the Beam Piece Icon in the beamline model
to open the Beam Piece Window shown below. The Beam
Piece Window contains two tab panels: one for Beam
Element Parameters and the other for Beam Centroid and
Current Parameters. There is a Button Bar at the top of
the window and dynamic phase space ellipse plots are
provided to the right of the parameter tab panels. When
the Application Context is set for TURTLE or DECAY-
TURTLE, the native beam inputs will be indicated with
green dots.

Set the Application Context for
TURTLE (or DECAY-TURTLE)

52 PBD- Lah Example B - Modified.pbol *
Edllew Commands  Toolz  Tutorial

Value

Courant-Smypder (Twiss) =l

Particle Charge 1

Sermi-Axes
E 1 b o

Beam Energy
Beam Current

Frequency

Particle Mazs |18?5.UDUDUD IME\,-' j 05110 22Ze+005 &

RTINS Tutorlall Correlatiops Comp From TWISSI AutoScale Plotsl Set Plot Scalesl

Maximum Step Sjize

Bt Lany et Pl Col e
Element I C@ and Currert

Particle Distrioution Type |4—D Equivalert Uniform (K+) -I @ %, ¥ (mm)

Beam Parameters [semi-axes = [55.000000

;:;gEm'“ﬁ"Ce (=) IBEI.EIUUEI?S [ei-mmemrae =] 0.0000 1000000 -8.0000 00 [zoooooo
Vertical (v}
ﬂHa\f Beam Extert () Ig_ssgass |Cm j 0.0000 10,0000 & o
ﬂHa\f Bleam Divergence (¥ |28.551900 Imrad =] 00000 1.00e+004 & 13 500550
;_;;iEmmance (-4 |59.999813 [oiemm-mrzet =] 00000 100.0000 2z
(mrad)
Double-Click the Beam Piece 5|t Bieam Extert (2) [rrasezn | [om =] oo 100000 00
lcon in the Beamline to Open ﬂHa\f Momentum Spread (21 |1 056600 |% Percert 7| 00000 100000 &
the Beam Piece Window }jEm‘“ance (z-z [120156823 [oi-mm-mran =] 0.0000 10000000 -13.0000
T -13.0000 00 [13.000000

®y
Parameters Value Units Limits {mrad) %
Horizontal {x} oo

ﬂHa\f Beam Extert (x) [0672428 Jewi--Te} — cosme oo o e s N
ﬂHa\f Beam Divergence (<) [29 153400 [rrea =] 00000 1.00e+004 & a5 0000 M

|4-D K

Figure 8. Opening the Initial Beam Piece Window.
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The Beam Piece Window has two tab panels for parameter

inputs: Beam Element Parameters and Centroid Parameter Tab Panels

Parameters. The parameters on the Centroid tab parrllel A At

are not used by TURTLE or by DECAY-TURTLE, "¢ parameters on the Centroid ta
. . . panel of the Beam Piece are not used

However, PBO Lab does provide a Centroid beamllrﬁ§TURTLE or by DECAY-TURTLE.

element that is supported by TURTLE.

The Beam Piece Window includes dynamic phase space
ellipse plots for the initial beam parameters. The top plot

shows the horizontal (red) and vertical (blue) transverse

phase space ellipses. The bottom plot shows the
longitudinal phase space ellipse (green). The axis scales
for the phase space ellipse plots can be calculated geam Piece Windows include
automatically with the Auto Scale Plots button in thghase space ellipse plots for the
Button Bar at the top of the window or the scales may berent Beam Parameters.

set directly by the user with the Set Plot Scale button.

Changes made to any Beam Parameters or changing

between the two parameter representations, results in an

update of the phase space ellipse displays.

Phase Space Plots

The Particle Distribution Type pop up at the top of the

Beam Elements tab panel is used to specify the type of

particle distribution that will be generated using the users Particle Distribution Type
specified beam parameters. This pop up is illustrated.if generates an initial particle
Figure 6 and contains selections for 6-D EquivaleQkyibution based on the specified
Uniform, 4-D Equivalent Uniform (KV), Gaussian (5-geam parameters and the Particle
Sigma) and Rectangular distribution types. The phasiribution Type pop up.

space ellipse plots in the Beam Window do not reflect the

distribution selection. To display the initial particlene Number of Macro Particles
distribution, place a Marker Piece after the Beam Pie %tr’inizrjrzfe;r';c:‘essed to specify
in the beamline model and use it to specify a 2- P '
Correlation Plot for that location in the beamline. (See

Marker Piece Section in this Chapter.)

The Beam Piece can be used to specify the initial
distribution in two different ways, referred to as the Semi-
Axes representation and the Twiss parameter, or Courant-
Snyder representation. Both the Semi-Axes and TWigg native beam inputs for TURTLE
parameters are shown in Figure 9. The Beam ParametesSbe generated from either the
pop up near the top of the window (Figure 8) is used $emi-Axes or Twiss Beam Piece
toggle between these two parameter representations. parameters.

Beam Parameter
Representations
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Open the Correlations Matrix Window with

Semi-Axes Parameters Selected

i From,

}.{Compute Semi-Axes Parameters from Twiss Parameteri

or Compute Twiss Parameters from Semi-Axes

ﬂHa\f Beam Extert (z) 1145620

% Percent ;I

ﬂHa\f Momertum Spread (') |4 psEE00

0.0000
4]

10,0000

xa Initial Beam

Transverse and Longitudinal
Phase Space Ellipse Plots are
Provided for Beam Parameters

Green Dots Indicate which
Parameters will be used to
Generate the Native Inputs for
TURTLE and DECAY-TURTLE
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- — L)
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;_:éEm'rt‘tance (x-x) B0.000078 pi-mm-mrad vI 00000 100.0000 80691 00 [5oem
Vertical (v}
ﬂHa\f Beam Extert () 0589356 o -I 00000 100000 @ 1 |
ﬂHa\f Beam Divergence (¥') | 25551900 mrad vI 00000 100e+004 & << 2o
:EEm'rt‘tance (y-y') 59999513 pi-mm-mrad vl 0.0000 1000000 7
{mrad)
cm - 00000 100000 & 0o

Auto-Scale Phase Space
Ellipse Plots or Set the

Plot Scales Directly

:séEm'ﬂTance (z-7) niseas [pimmomred v
8 = = o e Tutorial| weereisione . Comp From AXS | AUDSTEY FURS| S8 0S|
Ommerts:
IK\/Beam Elemert Cerdroid and Currew v v
S———| PatickDistibutenType  [o Equivalert Unitgm () = o %, ¥ (mm)
Bieaim Parameters Caurant-Snyder [PRfss) - 350201
[ t-5: T ¥
quan myrder (Tvrse) Parameters Valug/ Units Limits {mrad) %7
eﬂu—Axes Horizontal (k) a0
Select betW E i-AXeS or ﬂEmiﬂaﬂce (- 0o007s pi-mm-mrad ¥ 0.0000 1000000 & &
Courant-Snyder (TWiSS) B ﬂa\pha horizontal 3113992 4000000 100.0000 & 350201
Parameter Repr tations ﬂba{a horizantsl 1753598 mitad - 00000 1000000 & 069 00 Im
Vertical (y)
| Emittance (y-y) 50999513 pi-mm-mrad v 00000 1000000 @
J ] rlicl 1000000 100.0000 & A3
alpfia vertcal - .| .|
g 2520206 lm
ﬂbe{a vertical 1578903 mitad - 00000 1000000 & Energy
I (KeV)
The Tutorial Button Opens the Jrm— D 1 st a0
. . . 5|Emitance (z-z' 707100645 pi-deg-ket k¥ : e+ !
Beam Piece Tutorial window
h. h Pr d Vv et f’ ﬂa\pha langituinal 0121896 Phase-Energ | -100.0000  100.0000
|an; I’I‘IT:: a[iOﬂO\C/)II’I eBS avarety ?eters ﬂbaa ongitusinl 0008161 degkey v 00000 100.0000 LOBFH
eam Faran Commerts: 25048 0.0 |2_5043

I KNBeam

Figure 9. Semi-Axes and Twiss Beam Parameter Representations.

TURTLE and DECAY-TURTLE both
permit the use of the Twiss parameter
representation only for the transverse
phase planes (horizontal and vertical)
of the initial beam.

The Semi-Axes representation is more general and allows
for the complete specification of any sigma matrix,
including correlations between different phase planes. The
Twiss parameter representation is useful for specifying
initial beams in which the phase planes (horizontal,
vertical and longitudinal) are decoupled. TURTLE and
DECAY-TURTLE permit the use of the Twiss parameter
representation only for the transverse phase planes

(horizontal and vertical) of the initial beam.
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When the Twiss Beam Parameters are selected, the .

. . The Compute From... button isin the
Compute From Semi-Axes button in the Button Bar gt~ o° "0 top of the Beam
the top of the_ Beam Piece Window will calculat_e thBece window and is used to compute
equivalent Twiss parameters for the current Semi-AX@&8iss parameters from the Semi-Axes
parameters. Similarly, when the Semi-Axes paramet@rameters or to compute Semi-Axes
representation is selected the Compute From Twiss buttgrgmeters  from the Twiss
will calculate the equivalent Semi-Axes parameters f@grameters.

the current Twiss parameter representation.

When Semi-Axes Beam Parameters are selected,

correlations may be included in the beam description using  Correlation Matrix

the Correlations button in the Button Bar of the Beam . .

Piece Window. The Correlations button opens tHg@rrelations may be included in the

Correlation Matrix Window shown in Figure 10.beamdescriptionwhen the Semi-Axes
. . . Beam Parameters representation is

Correlations may be entered directly as oﬁ—dlagongfjed

elements of the sigma-matrix, or by entering values for

the reduced sigma matrix.

Correlations may be entered for the
Reduced Sigma Matrix or as off-diagonal
elements of the Sigma Matrix

g Correlation Matrix

% Reduced Sigma Matrix, rii, ) Units Icm and mrad 'l H H
B S L i Bl The Beam Correlatlons. Matrix
— Reduced Sigma Matrix, r(ij) window is opened with the
i: Diagonal i=10x) 2(x") 300 v 500

Correlations button in the Button Bar

1 0E724 . .
- of the Beam Piece window.

2 201834 mr |-U.952111
3 0.5894 cm ID.DDDDDD |o.oooooo

4 zasstame |0000000  [0.000000 | (0834271

0.000000 0.000000 0.000000 0.000000 .
5 uessen | | | | Correlations may be entered as off-

diagonal elements of the sigma-
— Sigma Matriz (i]) (mm & mrac) matrix, or by entering values for the
[t i=1 2 3 4 5 11 . .

reduced sigma matrix.

& 105660 mr |0.000000 |0.000000 |0.000000 |0.000000 0121000

|45.215942 |-188.839? |0.000000 |0.000000 |u.000000 |0.000000

|-185.839? |851 7083 |0.000000 |0.000000 |u.ononoo ID.DDDDDD

|0.000000 |0.000000 |34.?34049 |1sr.21195 |u.ononoo ID.DDDDDD

|0.000000 |0.000000 |15?.21195 |815.21099 |u.000000 |0.000000

|0.000000 |0.000000 |0.000000 |0.000000 |131 24451 |-14.s4559

m th Bl W M A

|0.000000 |0.000000 |0.000000 |0.000000 |-14.54559 |111.54035

Figure 10. Correlation Matrix Window.
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Beam Tutorial

The Beam Piece Tutorial provides a
variety of useful information on
modeling Beams in TURTLE and
DECAY-TURTLE.

B Initial Beam

z: Tutarial Currelanunsl Comp From Twissl AutoScale P\Ulsl Sef Plot Scalesl
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The Tutorial button in the Button Bar at the top of the
Beam Piece Window opens the PBO Lab Tutorial for the
Beam Piece and leads to the Hypertext Window shown in
Figure 11. The Beam Piece Tutorial provides a variety of
useful information including descriptions of the beam
Sigma matrix, Semi-Axes and Twiss parameter
representations, phase space projections, the beam
centroid and several other related topics.

<]

Elemert I

Certroid

Particle Distribution Type IB-D Exuivalent Unifokm ) #, ¥ (mm)
Beam Parameters Semi-Axes |35.DZD1
2y
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Longitudini

Half By
ﬂ SEE 0 Descrihing a Beam

Commerts:

of computational modeling. The followmng

how to set up a beam for use in computations by the PBO Lab:

2.1 Macro Particle Description
2.2 Moment Description
2.2.1 The Beam Centroid
2.2.2 The Beam Siptna Matri
2221 Phase Space Projections
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ﬂHalf Beam Divergence (v) |23 551900 mrad - 0.0000  1.00E+004
:jEmmnce B2 PBO Lab Tutorial

ﬂHa” Mam 4 ccelerator beams are composed of particles. Real beams are co
EEmiﬂance typically many more particles than are possible to incorporate into
approximation must be used to describe a beam for a computer ¢

IW have been developed to model beams, including a number of appr
l— studies. The Beam Tutonial discusses several commonly used app
beatns, and outhnes some of the characteristics of these approzime

100000 &

Limits (mrad) %4
oo &

-35.020
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—Zh
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x Trajectory
v

Xb
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(“horizontal") direction
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¥ ("wertical") direction
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in Bending Magnet Green is used to refer to the

z ("longitudinal®) direction

topics address different

Describing Trajectories
and Coordinate Systems

— Caption
The reference trajectory is a mathematical construct that provides the reference coordinate

used to describe all other beam particles.The reference trajectory defines a rectilinear
system for most components, but defines a curvilinear coordinate system in bending magnets.

HyperText
223 Modeling Beams in TRANSEORT ( m=| | e | ( ( = )

2231 The Beam Piece

22311 Semi-fixes Beam Specification
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Figure 11. PBO Lab Beam Piece Tutorial Windows.
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Special Piece

The Special Piece is used to define special parameters at
specific locations in the model. The Special Piece may be
inserted at any location in the beamline for application to
subsequent calculations. In many cases the Special Piece -
Is used to specify parameters for the entire beamline srec
model, in which case the Special Piece should be placed  special (SPEC) Piece
at the beginning of the beamline, following Initial Beam

Piece.

The Special Piece Window, illustrated in Figure 13, has
five tab panels for the different types of special parameters.
Each of these tab panels is described separately in this
Section starting with the last tab panel, which has
parameters that are specific to both TURTLE and DECAY-
TURTLE.

Both TURTLE and DECAY-TURTLE use the Quadrupole

Aperture Parameters on the Turtle tab panel in the Spegjglyrupole Aperture para-meters
Piece Window. In addition, the Charge Parameters gBused by both TURTLE and DECAY-
the Turtle tab panel are used to define symbolic ham®egTLE. The Charge Parameters are
for the primary and secondary particles for DECAYused to define symbolic names and
TURTLE and specify charges for these particlegharges for the Primary and
Although the Special Piece is generally used for locatioffieonce Farticles in DECAT
specific parameters settings, the Particle Names and
Charges apply to the entire beamline model, regardless

of the location of the Special Piece in the beamline. Only

one Special Piece should be used to specify particle names

and charges. However, multiple Special Pieces may ®y one Special Piece should be used
used to define different Quadrupole Aperture parametdfssPeciying particle names and
or other Special Parameters at various locations in tHérees for the entire beamiine.

beamline model.

The remaining tab panels in the Special Piece Window are
for changing System Parameters, Fringe Field Parameters
and Expansion Parameters at specific locations in the model.
The Floor Coordinate Parameters on the Floor tab panel
are exclusive to the TRANSPORT Application Module and
are not used by TURTLE or DECAY-TURTLE.
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The Special Piece can be used for the
definition of location specific Special
Parameters that modify System ,
Fringe Field and Expansion inputs
for TURTLE and DECAY-TURTLE

< | Tilt ta Focal Plane [Fi System I Floor IQngy I Expansions I Turtle ]
Commeris Parameters Value Units Limits
SPEC
| Harzix) Half-wid [HAIDTH] |D_UDUDUD [em | 0.2000 07T @
| Half Pole Spacing [HGAP] |0.nonono [em =] 0.7000  100.0000 @

5|Fringe Field Int. K1 Energy
5| Fringe Field Factor | System | Fioor = | Fringes IW Turtle
5| Bt Pole-Face Cury| - parameters \}h{ue Units Limits
5| Exit Pole-Face Cur| gl 2nd Order Field [EPS] |D_Dggggg 1im*2 MF INF o
5|ard Order Field [EPS3] |D_DUDUDU 19m=3 MF INF
5 |Excess Figld Fraction [RMPS][ 0 nonooo 00000 100000 &
5| Scaling Factar [RNMS] [oooooon The Floor Tab Panel contains Floor
Coordinate Parameters that are not
Eneraty used by TURTLE or DECAY-TURTLE
Systermn ] Floaor I Fringes ] Expansions I!udu x4 210000 10000 @
Parameters Value Units Limits
5| Quad Aper. Axis [QAPA] |D_DUDUDU [m =] 0.0090 05000 @
| Quad Hyper. Aper. [A&PH] |g_gggggg |m ﬂ 0.0090 05000 @
5|vert. Quad Aper. [QAPB] |D_Dggggg |m j 0.0090 05000 @
=/ Parent Charge [PAREMT] ,W e -1.0000 1.0000 &
<|Decay 1 Charge [DAUGHTER,W z _1.0000 1| The Turtle Tab Panel in the Special Piece Window
<[Desay 2 Charge [DAUGHTER ,W . G al is used to define Quadrupole Apertures and to
specify Names and Charges for the Primary and
Secondary Particlesin DECAY-TURTLE
|

Figure 13. Different Tab Panels from the Special Piece Window.

The Turtle tab panel (shown in Figure 13 above) is the

The Turtle tab panel is the last tab
panel in the Special Piece Window
and is used exclusively by TURTLE and
DECAY-TURTLE.

last tab panel in the Special Piece Window and is used
exclusively by the TURTLE and DECAY-TURTLE

Application Modules There are six parameters, three for
Quadrupole Apertures and three for Particle Charges. The

Aperture parameters apply to both TURTLE and DECAY-
TURTLE, but the Charge parameters are used exclusively

by DECAY-TURTLE.
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Quadrupole Apertures

The first three parameters in the Turtle tab panel of the

Special Piece Window are used to specify Quadrupole

Apertures. All qguadrupoles in the beamline model hawvelividual quadrupole settings for
circular apertures by default, with the radius taken frofipe Aperture and Radial Aperture
the individual Quadrupole Piece Windows. However, tHarameters are overridden when a
quad Geometry tab panel in individual Quadrupole Piefi?crupele Fiece 1 proceeded by &
Windows has a Pipe Aperture pop up that provides fe%adrupole Aperture Parameters in
Circular, Rectangular and Elliptical apertures to b@e turtle tab panel.

specified. The individual quadrupole settings for Pipe

Aperture and Radial Aperture parameters are overridden

when the Quadrupole Piece is proceeded by a Special

Piece with non-zero Quadrupole Aperture Parameters in

the Turtle tab panel.

Individual quadrupole apertures are also overridden by

the Observe Apertures Option in the TURTLE Optionsthe Observe Apertures Option is set
Window (for TURTLE) or the DECAY-TURTLE Options to None, then the quadrupole
Window (for DECAY-TURTLE). If the Observe aperture settings will not be
Apertures Option is set to None, then the quadrupo‘S:IBeS;fri‘e’g%Vitggdecg‘gieczfj\;ﬁﬁg
aperture settings will not be observed and any apertu[)%%nored_ b

specified with Special Pieces will also be ignored. Note

that the Observe Apertures Option does not apply to the

Aperture Piece, (referred to as a Slit element in the Observe Apertures Option does
TURTLE Documentation), but it does apply to any magnegt apply to Aperture Pieces (Slit
element such as Quadrupoles, Bends, Sextupoles &fgents) in the beamline model.
Octupoles.

The Quadrupole Aperture Parameters in the Special Piece
Window apply only to Quadrupoles following the Special
Piece in the beamline model, not to other magnet elements
or to Quadrupoles that precede the Special Piece in the
beamline model.
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The Special Piece is used to specify
the particle names and charges for
the primary and secondary particles
in DECAY-TURTLE.

The primary and secondary particles
must be named in order to specify
the Charge Parameters in the Special
Piece Window and to specify plots
for the different particle types in the
Plot Specification Window.

On the left of each of the Charge
Parameters in the Special Piece
Window, there are Special Parameter
Settings buttons (“S-buttons”) which
provides access to Special Parameter
Settings Windows that are used to
name the particles.
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Particle Names and Charge Parameters

In order for DECAY-TURTLE to calculate the decay of a
primary particle into secondary particles, the names and
charges for the primary and secondary particles must be
specified in the Turtle tab panel of the Special Piece
Window.

The last three parameters in the Turtle tab panel are used
exclusively by DECAY-TURTLE to specify particle
names and charges for primary and secondary particles.
The Parent Charge parameter is followed by two
secondary particle charge parameters referred to as first
daughter (Daughterl) and second Daughter (Daughter2)
particles. The default for the Parent particle and Daughterl
particle is for unit positive charge and neutral for
Daughter2 particle. Only charges of +1, -1 or O have any
meaning for DECAY-TURTLE. Charge conservation is
not required.

The primary and secondary particles must be named in
order to specify the Charge Parameters in the Special Piece
Window and to specify plots for the different particle types

in the Plot Specification Window. On the left of the Charge
Parameters, there are Special Parameter Settings buttons
(“S-buttons”) which provide access to Special Parameter
Settings Windows that are used to name the particles.
Figure 14 on the following page illustrates opening the
Special Parameter Settings Windows. The Charge
parameters are specified in the Special Piece Window and
the “S-Buttons” for each parameter are used to open the
corresponding Special Parameter Settings Window for
naming the particles. The charge parameters are only
defined for named particles. In this example the parent
particle has been given the Symbolic Parameter Name:
“PION” with a charge of +1 and the decay particles are
named “MUON” and “NEUTRINO” with charges of +1
and 0 respectively. When a name has been defined for a
particle, the S-button will have a red “S”.
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EH Special
System l Floor l Fringes l Expansions l Turtle l
Parameters Value Units Limits
ﬂ@uad Aper. Az [QAPA] ID.DDDDDU |m j 00090 05000 &
ﬂ@uad Hyper. Aper. [QAPH] Ig_gggggg Im j 0.0090 05000 &
ﬂvm. Quad Aper. [Q4PE] IDDUUUUU |m j 00090 05000 &
ﬂParent Charge [PARENT] IW e -1.0000 10000 @
ﬂDecaﬂ Charge [DAUGHTERIW e -1.0000 10000 &
—t ﬂDecayQ Charge [DAUGHTERIW e -1.0000 10000 @
E Special Parameter Settings - PARENT

Symholic Parameter Mame: [ ooy

decay - PARENT ‘

B8 Special Parameter Settings - DAUGHTER1

decay - DAUGHTER1
}E Symbolic Parameter Mame: [y o ‘
g Special Parameter Settings - DAUGHTER 2

decay - DAUGHTERZ2
}:% Symbolic Parameter Name: [Le TrMo

DecayTurtle

Special Parameters must be
defined by a Symbol ic Parameter DAUGHTERZ Particle Name is: IW
Name in the Special Parameter
Settings Window that is accessed
using the parameter's "S-Button"

Figure 14. Specifying Particle Names and Charges for DECAY-TURTLE.

The charge for the primary particle is specified in the

Globals tab panel of the Beamline Global ParametersPatmeters for the primary particle
the Document Window. Particle masses for the primafyarge and lifetime, in addition to the
and secondary particles and the lifetime for the prima} ezir}?eagy if]aré';’;;?najseé‘l’oz;ﬁ
particle are specified in the Tracing/Tracking tab panel 91, neters in the Document
the Beamline Global Parameters. Refer to the Beamlin&dow.

Global Parameters Section in this Supplement for a

description of these parameters.
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Special Pieces must precede any
element(s) to which they apply. Once
a Special Parameter has been defined
for alocation in the beamline model,
it will apply to all succeeding
elements that are the appropriate
type unless reset to a new value.

PBO Lab will only use Special
Parameters that have been defined
by a Symbolic Parameter Name in the
parameters’ Special Parameter
Settings Window.

Note that the Fringe Field Factor K2
(FINT2) is no longer used, but is
included for compatibility with older
versions.

Refer to the TURTLE Documentation
for a description of individual special
parameters.

Special Pieces on Work Space are
ignored when generating special
instructions (SPEC cards).
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Additional Special Parameters

The Special Piece provides additional parameters for the
definition of location specific inputs that can be used to
change System parameters, Fringe Field parameters and
Expansion parameters. Table 2 list the Special Parameters
and the corresponding TURTLE and DECAY-TURTLE
keywords.

Table 2. Special Piece Parameters and Keywords.

Special Piece Parameter Keyword
System Parameters

System Length LENGTH
Reference Trajectory Momentum PO
Magnetic Field Reference Momentum PREF
Particle Mass PMASS
Tilt to Focal Plane FOTILT
Fringe Field Parameters

Horizontal Half-Width HWIDTH
Half Pole Spacing HGAP
Orbit Displacement Integral FINTO
Fringe Field Factor K1 FINT
Fringe Field Factor K2 FINT2
Entrance Pole-Face Curvature H1
Exit Pole-Face Curvature H2
Expansion Parameters

Second-Order Field EPS
Third-Order Field EPS3
Excess Field Fraction RMPS
Field Scaling Factor RNMS
Vertical Dipole Factor VR
Vertical Gradient Factor NP
Vertical Sextupole Factor EPSP

The Special Piece can be placed anywhere in the beamline
by dragging the icon from the Palette Bar and inserting it
at the desired location in the beamline model. Special
Pieces on the Work Space are ignored when generating
special instructions (SPEC cards).
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Special Pieces must_precede any element(s) to \_/vhich t,’é%e\éial Pieces effect all succeeding
apply. Once a Special Parameter has been defined With.@ents of the appropriate type.
symbolic name and value, it will apply to all succeedin@n exception is made for particle
elements of the appropriate type. (An exception is magkenes and charges, which apply to
for particle names and charges, which apply to the entthe entire beamline model.
beamline model.)

Deleting the symbolic name for a Special parameter will

disable the parameter without deleting the value assign@gling a special piece from the
to that parameter in the Special Piece Window. Movingvdel Space to the Work Space will
Special Piece from the Model Space to the Work Spage® disable any Special Parameters
will also disable any Special Parameters defined by tt#gtined by that piece.

piece.

Figure 15 shows an example of the Special Piece Window
and Special Parameter Settings Window for the Reference
Trajectory Momentum parameter. Note that there is no
tab panel for TURTLE or for DECAY-TURTLE in the
Special Parameter Settings Window for the Momentum
parameter. However, a Symbolic Parameter Name must
be specified in the Special Parameter Settings Window in
order for the SPEC card to be included in the native
TURTLE or DECAY-TURTLE input.

B Special
Energyl ‘
System I Floor l Fringes I Expansions l Turtle I
Parameters Value Units Limits
| System Length [LENGTH] ID.DDDDDD Im j - InF &
ference Traj. Mom [PO] ID_051 205 Gelic 00000 1.00e+007 &
3| MadEield Ref. Mam [PREF] |D.DDDDDD Gevic 00000 1.008+007 &

ﬂpar‘ticl Special Parameter Settings - Reference Trajectory Momentum

Special Parameters must be
defined by a Symbolic Parameter
Name in the Special Parameter
Transport 1 Optimizer Settings Window that is accessed

= using the parameter's "S-Button"
{* Reference Trajectory Momertum = 0.051295

Comments:

ISPEC

ﬂm toFi — SPEC . Reference Trajectory Mamentum
’7 Symbolic Parameter Mame: | momeritum 3

' Fitting \ariable: | momertum

= Algebraic Expression: | mamertum j

" Import Parameter

Figure 15. Defining a Symbolic Parameter Name.
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When an Application Module is
installed, a corresponding tab panel
will be included in the Special
Parameter Settings Window if that
parameter supports any special
settings for that Application Module.
Otherwise there will not be an
application-specific tab panel in the
S-Window for that Application.

PBO Lab 2.0 User Manual Supplement: TURTLE & DECAY-TURTLE Modules

A single Special Piece may be used to define multiple
Special Parameters for a specific location. Multiple
Special Pieces can also be placed at different locations to
redefine a single Special Parameter. However, PBO Lab
will only use Special Parameters that have been defined
by a Symbolic Parameter Name in the parameter’s Special
Parameter Settings Window, as illustrated in Figures 15
and 16.

Special Parameter Settings Window

Many Piece Parameters support application-specific
special parameter settings that are accessed with the
Special Parameter Settings Buttons (“S-Buttons”) located
next to each parameter in the PBO Lab Piece Windows.
The S-Buttons open Special Parameter Settings Windows
for the associated parameters. The Special Parameter
Settings Windows (“S-Windows”) have a application-
independent panel at the top of the window as illustrated
in Figure 16. The bottom part of the window contains
application-specific tab panels for any installed
Application Modules that support special settings for the
particular parameter. Special Parameter Settings for both
TURTLE and DECAY-TURTLE are only found on the
Special Piece.

The Symbolic Parameter Name for a Piece Parameter
is application- independent, i.e. the same Parameter
Name is used for specifying Special Parameter
Settings for al installed Application Modules

The Piece Comment (Label) and the
Piece Parameter name are displayed
at the top of the S- Window

E special Parameter Settings - Magnetic-Field Gradient

Symbolic Parameter Mame: [vary4

—> ’79D-4 - Magnetic-Field Gradient \/

Transport I harylie l Trace3D l Optimizer I

" Magnetic-Field Gradient = 265.000000 kGin

The bottom portion of the Special & Fitting Variable:
Parameter Settings Window contains
application-specific tab panels for the
different Application Modules that " Impart Parameter
support special parameter settings for

a particular parameter

|vaRY4

™ Algebraic Expression: | AR j

Figure 16. Special Parameter Settings Window.
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Only Special Parameters that have been defined wittPBa Lab will only use Special
Symbolic Parameter Name in the parameters’ Spectafmeters that have been defined
Parameter Settings Window are used to generate the nathagympolic Parameter Name in the
input for TURTLE or DECAY-TURTLE. If a Symbolic Piiameters Special Farameter
Parameter Name has not been assigned, then a SPEC car '

will not be generated.

Special Parameters should be defined with unique

Symbolic Parameter Names, particularly when the sarypgcial Parameter Names should be
Special Parameter is defined at different locations in tH&l9ue With respect 1o other
beamline model, otherwise the last non-unique Parameter '
Name and Value will be used for each Special Parameter

defined by that Name. Parameter Names should notde@ying Special Pieces will
the same as Piece Labels (Comment String in Pietglicate any Symbolic Parameter
Windows) or unintended consequences may resufgmes and may result in
Copying a Special Parameter Piece will also copy aHfntended consequences.
Special Parameter Settings including Symbolic Parameter

Names. When a Special Piece is copied, care should be

taken to assign unique Symbolic Parameter Names.

All of the Special Parameter Settings for a PBO Lafd! Special Parameter Settings are
beamline model are saved from the Document Windoig/ed with the beamline model

with the Save or Save As commands in the File Menyd°®ment
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Marker

Final

The Marker and Final Pieces may be
used to specify locations in the
beamline where Diagnostic data is to
be collected for Scatter Plots and Bar
Graphs.

The “Final” Marker Piece is simply a
Marker Piece that, by convention, is
used at the end of the beamline
model, but may be used anywhere
in the beamline.

B8 PBO-Lab - Example B - Pion After Fit.pbal *

Ele Edit view Commands Tools Tutorial

(Sel ected in the Document Window

Globals

Tracing Tracking
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Marker Piece

The Marker Piece is a special PBO Lab Piece that is used
to specify application-specific Constraints, Diagnostics
and Stored Parameters at specific locations in the beamline
model. The TURTLE and DECAY-TURTLE Application
Modules support the collection of Diagnostic data using
Marker Pieces in the beamline model. Constraints and
Stored Parameters are not supported by TURTLE or
DECAY-TURTLE. Diagnostic data is used by PBO Lab
to generate Scatter Plots and Bar Graphs for TURTLE and
DECAY-TURTLE.

In order to specify a plot at a particular point in the
beamline model, insert a Marker Piece (or Final Piece) at
the desired location in the beamline and double-click the
Marker Piece icon to open the Piece Window as illustrated
in Figure 17.

Double-Click a Marker Piece or
Final Piece in the Beamline
Model to Open the Piece Window

The Application Context can be

or in the Piece Window
I

TURTLE B P EE E@@_{
= [

Particle Charge
Particle hass 139.500000

Beam Energy 24 6A304

REREEN

— Conatraints

Beam Current 0.000000
Ry YT Transport 512 =0.000000, Tal = 0.001000 -
Transport 534 = 0.000000, Tal = 0.001000
Maximum Step Size 0.010000 Transport 511 = 4992400, Tol = 0.004000
Tranzport 533 =58.929400, Tal = 0.001000 b
hitar ylie T =0.550000, Tal = 0.001000 ;I
OREnN I Remove I
— Diagnostics
Transport Bearm (Sigm) Mattix ;I xSect. zero  newyap.  xSect Zero FIMAL
Turtle Scatter - Y ws. ¥
Decay-Turtle Scatter - % ws. ¥ / \
Trace3D Final Element in Profile Plot &t this location in beamlin H :
TracesD Final Ellipze Plats at this location in beamline The Open Dlagnoal cs Button
— provides access to the Plot ﬂ
<3pen 53— Specifications Window for the
[ Store selected Application Context )
- - T rt =HBELM —
Marker and Final Pieces may be Traaport  y/BEAM —
inserted at desired locations in
thilbean I'Se to steC||:y fScatter ( Constraints and Stored Parameters |
] ots an Bar Graphs from open | Rem a@re not supported by the TURTLE
Diagnostic data generated by —

TURTLE or DECAY-TURTLE

Commerts: and DECAY-TURTLE programs )
IFINAL |

Figure 17. Marker and Final Pieces are used to specify diagnostic
plots at specific locations in the beamline model.
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The “Final” Marker Piece is simply a Marker Piece thathe “Final” Marker Piece is a Marker
by convention, is used at the end of the beamline mocihich, by convention is used at the
but may be used anywhere in the beamline. end of the beamiine model.

The Marker Piece Window includes an Application

Context pop up that is used to access application-specific

Constraints, Diagnostics and Stored Parameters. TiRe€Open buttons in Marker Piece
Open buttons in the Marker Piece Window open thindows open the appropriate
appropriate windows for the current Application Contextvindows for the current Application
Application-specific windows, tailored to the particulaf°"e<*

capabilities of each Application Module, are used to

specify Constraints, Diagnostics and Stored Parameters.

There are three scrollable lists in the Marker Piece window

that are used to display Constraints, Diagnostics and B _
Stored Parameters for all of the installed Applicatio\sfgrzt(;‘;r;;‘;f:t':r‘; acr(e):f)ttri;t:o?tgg
Modules. Neither TURTLE nor DECAY-TURTLE | o o DrcAV-TURTLE.
support parameter fitting so the Open button fo

Constraints will be inactive for the TURTLE and DECAY-

TURTLE Application Context. The Open button for

Stored Parameters is also inactive for the TURTLE and

DECAY-TURTLE applications.

The Open Diagnostics button opens a Plot Specification

Window. The Plot Specification Window is tailored to

the particular capabilities of each Application Module fothe open Diagnostics button opens

generating output at specific locations in the beamlingrlot Specification Window tailored

The Application Context pop up must be set for thi the selected Application Context.

TURTLE Application Module as illustrated in Figure 18,

in order to open the TURTLE Plot Specification Window.

Likewise, the Application Context must be set for

DECAY-TURTLE, in order to open the DECAY-

TURTLE Plot Specification Window from a Marker Refer to the TURTLE Plot Specifications

Piece. Chapter for a description of using the
Marker and Final Pieces for TURTLE

The Plot Specification Windows are used to select a variéf§f Srecifications.

of plotting options which are described in Chapter 6 of

this Supplement.
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g PBO-Lab - Example B - Pion Decay.pbol *

File Edit View Commands Tools Tutorial

|TURTLE =l Bl=l D= @d EIEI_I_I Bz 3o

Globals Tracing/Tracking l Floor Coordinstes

w@ Particle Charge I 1 1 93 @
Al

P Marker and Final Pieces may be—L, Ltm =
inserted at desired locations in l—_,
the beamline to specify Scatter [ HI TRTLE
=84 = Plotsand Bar Graphs from 7] [pems——
g Diagnostic data generated by |~ <] =
TURTLE or DECAY-TURTLE

FAY =]

Marker Ei

Param i

/The Open button in the Diagnostics

@- 4k 125 A i panel provides access to the Plot
O Drift fuad Drift Drift Quad || | mamer [ |/om e SpeCiﬁCGtiOﬂS Window for the

ﬁ [T DRFT QD¢ DRFT  DRFT HFQDW zero n T [Tutle  Soafter v s selected Application Context

Decay-Turtle Scatter - Y vs.
Decay-Turtle Scatter - % ws. X

Rrberbe.
N Decay-Turtle Scatter - v wa. ¥

|
Remave |

E Turtle Plot Specification &/ /

Flot Selection / k
’7 = 1-D Projection Plot {* 2.0 Correlation Plot ‘ d

Projection Lxis Bin Size Unit= Axiz Range Set |
WVertical IY l ID 040000 cm |-1 070000 |1 070000
Ml ! : Delete |

Horizantal |}: vl ID.D4DDDD cm |.1.0muou |1.0?0000

Praj. | Axis | Size | Lo, | Upp. | Praj. | Axis | Size | Lo, | Upp.
Wert. k4 0.040000 | -1.070000( 1.070000| Horz. X 0.040000( -1.070000( 1.070000

|
QEEn | Removel

[ Auto Scale Plats

Figure 18 Specifying Diagnostic Plots with Location Markers in the beamline.
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Aperture Piece

Apertures can be defined in two ways for TURTLE and

DECAY-TURTLE, by using (1) Aperture Pieces or (2) @
using the Pipe Aperture parameter in the Geometry tab Ao
panel of Piece Windows for any magnet element (Berittle PBO Lab Aperture Piece is used
Quad, Sextupole, Octupole, etc.). Aperture Pieces pladetrlement the SLIT element (Type
in the beamline model are used to impose an aperture RTLEG) for TURTLE and DECAY-
slit) for succeeding Pieces. The Pipe Aperture parameter,
used by magnet Pieces only applies to a single Piece, not

to succeeding Pieces.

The PBO Lab Aperture Piece is used exclusively by the

TURTLE and DECAY-TURTLE Application Modules to

specify apertures (slits) at specific locations in the model.

The Aperture Piece implements the TURTLE SLIT elemeRt, pgo  ap aperture piece Window

(Type Code 6) and supports three different aperture typ&sports the three different

Circular, Rectangular and Elliptical. The Aperture Type&perture options:  Circular,

pop up at the top of the Piece Window is used to sel@ettangular and Elliptical, which

between these options. Different parameters are activatgddescribed in the TURTLE

in the Aperture Piece Window depending on the Apertuf cumentation. However, support

Type that is selected. Parameters for each aperture g (ém”'f"" and eliptical apertures is
) . ully implemented in the current

described separately. However, support for circular acg;iions of the TURTLE and DECAY-

elliptical apertures is not fully implemented in currenturtLe programs.

versions of TURTLE and DECAY-TURTLE programs.

Default parameter values for the Aperture Piece are set for

an infinite aperture for all trajectory coordinates (i.e. no

aperture restrictions on the beam). The Observe Apertures

option in the Options Window applies to Pipe Apertures

that are specified on individual magnet elements. This oObserve Apertures option does
option does not apply to Aperture Pieces in the beamline apply to Aperture Pieces in the
model. Refer to the Options Chapter of this Supplemeitsgmline model.

for a description of the Observe Apertures option.

Each trajectory coordinate specifying a slit (or aperture)

in the Aperture Piece Window is applied to only one typg&cay-TURTLE requires the
of particle in DECAY-TURTLE. To apply the same slitspecification of a particle type in
(or aperture) values to more than one particle type makegr to apply an aperture defined
a copy of the Aperture Piece for one particle type, afy and individual trajectory
then assign another particle type to each of the slit (§Pnae

aperture) trajectory coordinates.
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DECAY-TURTLE requires the
specification of a particle type to
which an aperture defined by a
specific trajectory coordinate will be
applied.

Parameter “S” buttons in the
Aperture Piece Window are used to
access Special Parameter Settings
Windows and assign A particle type
to the individual trajectory
coordinates.
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The Special Parameter Settings buttons (“S-buttons”)
located to the left of each parameter in the Aperture Piece
Window are used to assign the particle type for an
individual trajectory coordinate based on the Symbolic
Parameter Names defined with a Special Piece. Refer to
the Special Piece Section in the Beamline Elements
Chapter for a description of naming particles for DECAY-
TURTLE.

Figure 19 illustrates the Special Parameter Setting
Windows for two trajectory coordinates of an Aperture

Piece. This example sets “slits” in the horizontal and
vertical planes, and applies each of the two slits to different
particles.

E Rectangular Aperture
ey |
Aperture Type IRedanguIar j
Parameters Value Units Limits
EjRadial Apeture IU 500000 | j 0.1000 1.0000
=|Horz. Half Aperture (x) IW i
orz. Half Angle Cut (x') I,Fi varl

U 001000

l'—

EjHorizontal(x) SEmi-Bi

E!\xerticam\fj Semi-Axis

=

I INF IFracﬂc

| 0500000 fen
=

Coir ﬁ special Parameter Settings - Horz. Half Aperture {x)

Assigning a Horizontal (x)
Slit of an Aperture Piece to be
Applied to the Muon Particles

of aDECAY-TURTLE beam

newe ap. - Wert. Half Aperture () l
’7 Symbolic Parameter Mame: . .

DecayTurtle

Z

INEUTRINO - I

¥ Apply Aperture to

. - Horz. Half &perture (%)

NEwY 8
_— ’7 Symhbolic Parameter Mame: I

Assigning a Vertica (y) Slit of
an Aperture Piece to be Applied

to the Neutrino Particles of a

v &pply Aperture ta

RN

Check box to
Apply Apperture to
selected Particle

DecayTurle

DECAY-TURTLE Beam

s

IMUON - l

MELITRING - I

WELITRING
PION

select from Primary and Secondary
DECAY-TURTLE Particles

Use the Particle Type Popup to

Figure 19. Assigning Particle Types for DECAY-TURTLE Apertures.
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Apertures on individual magnet Pieces (Bends, Quads,

etc.) may also be applied to DECAY-TURTLE particles.

These apertures are set using the Pipe Aperture parameters

on the Geometry tab panel in magnet Piece Window®¢ Apertures for DECAY-TURTLE

Pipe Apertures specified with this approach, will apply t& PP to the particle type that i

. ) : %ected in the Apertures tab panel
the particle type that is selected in the Apertures tab papghe options window.

of the Options Window. Refer to the Pipe Apertures

subsection at the end of this Section. Refer to the Options

Chapter for a description of Aperture Options for DECAY-

TURTLE.

With the Rectangular Aperture Type selection the Aperture
Piece can be used to directly specify the Horizontal and
Vertical Half Apertures (x & y) and Half Angle Cuts (X’

& y’) as well as the Longitudinal Half Aperture (z) and
the Momentum Spread Cut for a rectangular aperture.
These parameters will be activated in the Aperture Piece
Window (shown in Figure 21) when the Rectangular
option is selected with the Aperture Type pop up.

E Rectangular Aperture
erey| |
Apetture Type IRectanguIar j
Parameters Value Units Limits
"_;:!Radial Aperture I 0.500000 Icm j 0.1000 1.0000
ﬂHorz. Half Aperture (x) ID.DDQSDD Im j 0.0000 INF &
ﬂHorz. Half Angle Cut (") IINF Irad j 0.0000 INF &
ﬂ\fen. Half Aperture () ID_Dm 000 |m j 0.0000 INF - &
ﬂ\fen. Half Angle Cut () ||NF |rad j 0.0000 INF &
ﬂLong. Half Aperture () I'NF |m j 0.0000 INF @
ﬂMDmentum Spread Cut IINF IFradion(rad)j 0.0000 INF &
}JHorizontaI(x) Semi-Axis I 1.500000 Icm j 04000 1.0000
E:;Vertical(\-") Semi-Axis I 0200000 |Cm =] 0.1000 1.0000
Camments:
Inew .

Figure 21 Rectangular Aperture Parameters.

With the Circular Aperture Type selection, the Aperture
Piece can be used to directly specify the Radial Aperture
for a circular aperture type. The Radial Aperture parameter
will only be activated in the Aperture Piece Window
(Figure 20) when the Circular option is selected with the
Aperture Type pop up.
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E Rectangular Aperture
ey |
Aperture Type [circutar |
Parameters Value Units Limits
ﬂRadial Apetture I 0.500000 |Cm j 0.1000 10000 &
;_;:!Horz. Half Aperture () Igmzsgg |m j 0.0000 INF
EJHorz. Half Angle Cut (x) I INF |rad j 0.0000 INF
E’JVEH' Half Aperture (y) Ig_gm 000 Im j 0.0000 '3
E}\f‘ed. Half Angle Cut (') I 3 |rad j 0.0000 INF
:;;;;Long. Half Aperture (z) IINF Im j 0.0000 IMF
;_;:zMomentum Spread Cut I INF |F,,wi°n(rad) j 0.0000 INF
E!Horizorﬂal[x) SEMi-Axis I 0.500000 |Cm j 0.1000 1.0000
Ej\fenical(\fj SEMmi-Axis I 0.200000 |Cm j 0.1000 1.0000
Comments:
I ey &1,

Figure 20 Circular Aperture Parameters.

With the Elliptical Aperture Type selected, the Aperture
Piece can be used to directly specify the Horizontal (x)
Semi-Axis and Vertical (y) Semi-Axis parameters for an
elliptical aperture. These parameters will be activated in
the Aperture Piece Window (Figure 22) when the the
Elliptical option is selected with the Aperture Type Pop up.

E Rectangular Aperture
ey |
Aperture Type IEIIipticaI |
Parameters Value Units Limits
;_;:zRadiaI Apetture I 0.500000 |Cm j 0.1000 1.0000
;_;:!Horz. Half Aperture () Igmzsgg |m j 0.0000 INF
EJHorz. Half Angle Cut (x) I INF |rad j 0.0000 INF
E’JVEH' Half Aperture (y) Ig_gm 000 Im j 0.0000 '3
E}\f‘ert. Half Angle Cut (') I 3 |rad j 0.0000 INF
:;;;;Long. Half Aperture (z) IINF Im j 0.0000 IMF
;_;:zMomentum Spread Cut I INF |F,,wi°n(rad) j 0.0000 INF
ﬂHorizordaI[xJ SEMi-Axis I 0.500000 |Cm j 0.1000 10000 &
ﬂ\femcam\fj SEMmi-Axis I 0.200000 |Cm j 0.1000 10000 &
Comments:
I ey &1,

Figure 22. Elliptical Aperture Parameters.
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The example below shows an Aperture Piece inserted at
the beginning of the model. The initial particle distribution
(specified with the Beam Piece) is displayed in Graph
Plot Windows using a Marker Piece with TURTLE Plot
Specifications set for x’-x and y’-y scatter plots. The same
plots are also specified with an Alias of that Marker Piece
which is inserted directly after the Aperture Piece. The
plots on the left show initial particle distribution before

the Aperture Piece and the plots on the right reflect the

distribution following the Aperture Piece.

B8 PBO-Lab - Example B - Modified.pbol *
File Edit vew Commands Tools Tutorial

E Rectangular Aperture

Energ\,fl

B8 D=l s|ed <[aledB] S

Aperture Type Rectangular -
a Globals 1 Tracing/Trackin I d J
Particle Charge |1— a Parameters Value Units Limits
Eta .
’ + : Radial Aperture 0.1000 1.0000
Particle Mass |1a?5.onoooo IMeV ,,! P |1'DDDDDD IC’“ j
) B EreE IW W ﬂHorz.Half Aperture () Ig_gg3352 |m j 0.0000 INF &
R B Euiert |—u.nununu l_m = ﬂHorz. Halt Angle Cut () Ig_m 4502 |rad j 0.0000 INF
Freguency ISD.DUDUDD IMHZ 7 ﬂ\f‘ed. Half Aperture (v) ID_Dngq_? Im j 0.0000 IMF 2
Maximum Step Size |n.n1 0000 " ﬂ\fen. Half Angle Cut (v') Ig_m 4276 |rad =] 0.0000 INF @
ﬂLong. Half Aperture () Igmsm |m j 0.0000 INF &
ﬂMDmemum Spread Cut |0.005283 |Fradion(md) j 0.0000 INF @
B + Horizontal(x) Semi-Axis 0.1000 1.0000
| a |_ _|_ &‘&l_F J () [.oooo0 fem =l
[_[O] :J B2 Tuitle Plot Window [ O] x! |.0000
] Pr\rﬂlCupyl‘:ﬂa;@ Uymhicds ] S @ SaSca\El
)
Q0000 ' SRtClgk for Position—— 005000 ' ' — SHift-Click for Postion
X
y
003 F Peniith |1 ¥
LEGEND =
00000 F ) ¥ (radd) vs. ¥ (m)
I B2 Turtle Plot Window [_[O]
| o P Copy| S Sentais| i o Sl
ik
00300 F -
g ' ' ' — Shift-Click for Position
;
0.0300 Pe 2
-0.060000 r
D200 00060 003 F 1 Renwith 1~
¥ — LEGEND =
nooon - ¥  —
00000 X (rad) vs. X (m)
00300
-0.0300
-0.060000 L

1 1
0.0000 0.0080

X (rad) vs. X (m)

1
-0.0060

-0.0n2000

0.012000 0060000

-0.012000

Figure 23. Example using the Aperture Piece with TURTLE.
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An aperture can be applied to any
magnet element (Bend, Quad,
Sextupole, Octupole, etc.) using the
Pipe Aperture parameter in the
Geometry tab panel of the Piece
Window.

Pipe Apertures specified in the
Geometry tab panel of magnet Piece
Windows can be applied or ignored
using the Apertures Option in the
TURTLE Options Window.

Pipe Apertures specified in the
Geometry tab panel of magnet Piece
Windows, will apply to the particle
type that is selected in the Apertures
tab panel of the Options Window for
DECAY-TURTLE.

PBO Lab 2.0 User Manual Supplement: TURTLE & DECAY-TURTLE Modules

Pipe Apertures

The Pipe Aperture parameter in the Geometry tab panel
of Piece Windows for any magnet element (Bend, Quad,
Sextupole, Octupole, etc.) can be used to apply an aperture
to a single Piece. Figure 24 shows the Geometry tab panel
from a Quadrupole Piece Window. A Pipe Aperture on a
particular Piece will not apply to succeeding Pieces in
the beamline model, as is the case for an Aperture Piece.

Pipe Apertures for the entire beamline can be toggled on
and off for TURTLE using the Apertures Option in the
TURTLE Options Window.

Apertures on individual magnet Pieces (Bends, Quads,
etc.) may also be applied to DECAY-TURTLE particles.
For DECAY-TURTLE, apertures set using the Geometry
tab panel of magnet Piece Windows may be either
“applied” or “ignored” to a particular particle type. The
Aperture tab panel of the DECAY-TURTLE Options
Window is used to specify the particle type. This is
described in the Options Chapter of this Supplement.
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4. TURTLE I/O Files

The Input files for TURTLE and DECAY TURTLE are
generated by PBO Lab and the Output files are processed
by PBO Lab following execution of either Application
Module. The 1/O files are described here with respect to
the TURTLE Application Module, but also apply to
DECAY-TURTLE. 1/O files for DECAY-TURTLE can

be identified by a capital “D” appended to the file name.

The “Turtlelnput” text file, which is used to run the

TURTLE program, is generated by PBO Lab for thg, H e
Beamline in the Model Space of a Document Windox%rex;ﬁﬁ?{ﬁfﬁj&[ﬁiﬁ'(;eDE'Q,‘Ef
Similarly, the “D Turtlelnput” file generated by PBO LabrurrtLe programs.

Is used to execute the DECAY-TURTLE program.

Both TURTLE and DECAY-TURTLE trace rays through

the beamline and produce character-based histograms of

the results. This character-based output is presentedify, .+ gata from TURTLE and
the “TurtleOutput” (or “D TurtleOutput”) text file after pecay-TURTLE is used to generate
executing the program. Enhanced graphic output 85 Graphs and Scatter Plots in PBO
created by PBO Lab using the data generated by TURT LLE, interactive Graph Plot Windows.
which is written to the “TURTLEPIotData” file (DECAY-

TURTLE plot data is written to the “D TURTLEPIotData” Ltput may be specified &t any
file). PBO Lab uses the Plot Specifications along Wléécation in the model by placing
the plot data generated by TURTLE or DECAY-TURTLE 4 ker pieces in the beamline.

to create Bar Graphs and Scatter Plots in Interactive Graph

Plot Windows. Figure 25 shows some examples of the

TURTLE 1/O files in PBO Lab Text Edit Windows.

Inputs for TURTLE and DECAY-TURTLE are automat-

ically generated by PBO Lab when Write Input and Run

commands are used in TURTLE or DECAY-TURTLE

Commands Menu. The input file is not displayed before

running the Application Module. However, the input file

can be created and viewed in one step with Write Input

and View command. Refer to the Commands Menu

Section of the Menu Commands Chapter for a descriptig@ting /O files can be opened in Text
of these commands. Alternatively, an existing /O filgyit windows using commands from
can be opened in a Text Edit Window using commane@s view Menu in the PBO Lab
from the View Menu in PBO Lab Document Windowbocument Window.

Refer to the View Menu Section in the Menu Commands

Chapter for a description of these commands.
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g Turtle0utput [_ (O]
File Edit Font
H STOCRAM NO 1 d
HRIZONTAL AXS X INM .959 M FROM THE START
VERTI CAL AXI S X INR .959 M FROM THE START
-.010 -. 006 -.002 . 002 . 006 010
| %% *k *k *k * ok *k *k * % * % * % % TOTALS
-.014 TO -.013 | | 0
-.013 TO -.012 | | 0
-.012 TO -.011 | | 0
-.011 TO -.010 | 11 12 11 | 7
-.010 TO -.009 | 141 132 1121 1 | 18
-.009 TO -.008 | 213 12 1111 11 | 15
-.008 TO -.007 | 123515 3123 41 1 | 32
-.007 TO -.006 | 15 2246438 41132 | 46
-.006 TO -.005 | 11 2 141 3322634222 2 | 41
-.005 TO -.004 | 1321648332339327214 1 | 68
-.004 TO -.003 | 112323434466124221323 | 59
-.003 TO -.002 | 2122253354353384551311 | 71
-.002 TO -.001 I 213446154413723342 1 | 60
-.001 TO .000 I 2 1254452551A32412212 | 63
.000 TO .001 I 132 41242289233515 53 2 | 67
.001 TO .002 1| 1 1121475444227454224212 | 71
.002 TO .003 | 1134 64764225313443311 1 | 69
.003 TO .004 | 1 33 75341583162 12311 2 | 62
.004 TO .005 | 2221433521542543145123 1 | 65
.005 TO .006 | 2252 2356454631 2 1 | 53
.006 TO .007 | 23 231264 223443311 | 46
.007 TO .008 1| 12112 2121328 1131 | 32
.008 TO .009 | 21113613 14323 1 | 32
.009 TO .010 1 2112 21121 | 13
.010 TO .011 1 11 41 | 7
.011 TO .012 1 111 | 3
.012 TO .013 | | 0
.013 TO .014 1 | 0
I T T T T N S S S SR S
| |
I I
| 112255754775657543421 |
TOTALS | 00000000000015474974236763892218408640000000000000 | 1000
TOTAL NUMBER CF ENTR ES E 1000 | NCLUDI NG U\DEFFLONg\g_'TO/EH:LONAS FOLLONS
ABOVE 0 0 0
0 1000 0
BELOW 0 0 0
SUM CF SQUARES = 3910. -
CENTER = .000 RV HALF WDTH = . 002
CENTER = .000 RVB HALF WDTH = . 005
GCRRELATI ON = .0103 -1l
kI 2
T Tp Z Zp :EJ
.BE1567E-02 —0.162556E-02 0.304778E-02 0.499812E-02
.435035E-03 —0.341222E-02 -0.163978E-02 -0.410173E-02
.b32648E-02 —0.308514E-03 0.474681E-02 0.246831E-02
.332604E-02 0.450146E-03 -0.810620E-02 —-0.641347E-03
.190647E-02 0.377650E-02 0.850014E-02 0.807363E-03
.133432E-02 —0.131620E-02 —-0.636819E-03 0.617754E-02
.318074E-02 0.882730E-03 —0.224000E-02 0.566318E-02
.703543E-03 0.945082E-04 0.933494E-02 0.727962E-02
.924195E-03 0.108883E-02 —0.942148E-02 -0.782565E-02
.287337E-02 0.327210E-02 0.3797339E-02 -0.395713E-02
.545131E-03 0.585025E-03 0.370886E-02 -0.822577E-02
.BE7410E-02 0.144366E-02 0.283221E-02 0.800990E-02
.227011E-02 —0.121458E-02 —0.347912E-02 —0.344892E-02
.499463E-02 —0.163653E-02 0.586052E-02 —0.403405E-02
.453030E-02 —0.137188E-02 -0.653013E-02 —0.496429E-02
.136698E-02 0.640882E-03 0.58318%E-02 —0.592340E-02
L179273E-02 —0.147618E-02 -0.674465E-02 -0.963722E-02
.259885E-02 —0.413878E-02 0.154722E-02 —0.329973E-02
.840029E-03 —0.507631E-02 0.430502E-02 —0.241240E-03
.207286E-02 —0.759823E-03 —-0.967795E-02 -0.679205E-02
.238422E-02 0.516727E-02 0.245136E-02 —0.304003E-02
.1e0784E-02 —0.179149E-02 0.194919E-02 —0.45340935E-02
.598089E-02 0.205354E-02 —0.302156E-02 0.211311E-02
L 224497E-03 0.239045E-02 0.558118E-02 -0.378437E-02
.215470E-02 —0.435418E-02 -0.707706E-02 -0.176065E-02
.BE0651E-04 —0.190216E-02 0.868537E-02 —0.265256E-02
.413441E-03 —0.162785E-02 0.827985E-02 0.619528E-02
.134679E-02 0.111135E-02 —0.603050E-02 0.252486E-02

5 Turtlelnput

File Edit Font

'Turtle Model: Ezamnple B - Mod After Fit. pbol'

1000

OHIT 1. 'M°

ONIT 2. 'R’

ONIT 5. 'M°

OHIT &. 'N'

OHIT 7. 'R' :

UHIT 10. 'GEV'

UHIT 12. 'TUNE' 02777778

UWIT 13. 'R' ;

ORDER 1 1 :

SPEC. PMASS = 1.875000

PRINT CENTROID, CFF :

BEAM, ¥=0.00e6724, EP=0.029183, ¥=0.005!
L=0.011456. DEL=0.0105&6. PO=0.086626.
CORE . C12 = —0.952111, C34 = 0.934271
DRFT :DRIFT. L=0.173000 :

QD1 :QUADRUPOLE, L=0.09:000, GRAD=-239
DEFT :DRIFT. L=0.039%200 ;

DEFT :DRIFT. L=0.0392800 ;

QD2 :QUADRUPOLE, L=0.09:000, GRAD=359.
DEFT :DRIFT. L=0.042700 ;

DEFT :DRIFT, L=0.042700 ;

QD3 QUADRUPOLE., L=0.09:000, GRAD=-34%5
DRFT :DRIFT. L=0.045700 :

DRFT :DRIFT, L=0.045700 ;

QD4 QUADRUPOLE, L=0.09:000, GRAD=263.
DEFT :DRIFT. L=0.048700 ;

DEFT :DRIFT. L=0.0482700 ;

HFQD :QUADRUPOLE, L=0.048000, GRAD=-2g!
PRINT. BEAM

AHIST 3. -0.010700 0.010700 0.000400
DHIST 4. —-0.014400 0.014400 0.001000
AHIST 1. -0.010700 0.010700 0.000400
DHIST 2. -0.014400 0.014400 0.001000
PRINT BE&M

FRINT CENTROID :

PRINT TRANS :

PRINT 30 :

SENTINEL

A

File Edit Font

E X ip

13 —0.242606E-04 —0.507184E-02 0
13 0.387534E-02 0.677700E-03 0
13 =0.275950E-02 -0.196186E-02 =0
13 —0.301774E-02 —0.119965E-02 0
13 —0.167285E-02 0.197038E-03 -0
18 —0.447817E-03 —0.878459E-02 -0
18 —0.278219E-02 0.366486E-02 0
13 0.173420E-02 0.350812E-02 -0
13 —0.160666E-02 0.105312E-02 0
13 —0.204544E-02 0.434345E-02 0
13 —0.286153E-03 0.671394E-03 -0
13 —0.598633E-03 0.785172E-03 0
18 0.938061E-03 0.101471E-01 i}
18 0.630290E-03 —0.228493E-02 0
13 0.107340E-02 0.606284E-02 0
13 0.113204E-02 —0.354056E-02 0
13 0.582388E-03 0.103690E-02 0
13 —0.246483E-02 0.449719E-02 -0
13 0.105551E-02 —0.5752582E-02 0
18 —0.179348E-02 —0.936698E-03 -0
18 —0.158190E-02 —0.274217E-02 0
13 —0.269760E-03 0.900073E-02 -0
13 0.147605E-02 —0.567797E-02 0
13 0.269094E-02 0.308085E-02 =0
13 —0.104786E-02 0.446321E-02 -0
13 —0.177770E-02 —0.225505E-03 0
18 —0.210160E-02 —0.496985E-02 -0
18 0.225448E-02 —-0.653109E-02 0

[ »

Figure 25 PBO Lab Text Edit Windows for TURTLE I/O Files.
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5. Menu Commands

Application-specific commands are accessed from sub

menus in the PBO Lab Commands Menu and View Menu

at the top of the Document Window. Both the Comman@dgmmands for TURTLE and DECAY-
Menu and the View Menu will contain application-specific "' & accessed for sub menue
sub menus for any installed PBO Lab Applicatiofie, venu at the top of the
Modules. This Chapter includes an outline of mentb.ument window.
commands for the TURTLE and DECAY-TURTLE

Application Modules, as well as references to other

Chapters in this Supplement that provide more detailed

descriptions of specific menu commands. The menu

commands for TURTLE and DECAY-TURTLE are

identical and are described here with respect to TURTLE,

but also apply to the DECAY-TURTLE command menus.

Commands Menu

The PBO Lab Commands menu contains sub menus for

any installed PBO Lab Application Modules. The subhe sub-menu for the TURTLE
menus for the TURTLE and DECAY-TURTLE Application Module has several
Application Modules contain several commands fdfmmands for specifying outputand
specifying output and executing the programs. TH&cuting the TURTLE program.
Commands Menu is divided into four sections as

illustrated in Figure 26 below.

Zommands

7 Py N
TRANSPORT | Primary command for

enerating native input
TURTLE Write Input and Fun TIIRTLE JL %nd execSting TURTIIJ_E

-

DECAY-TURTLE 3 ) i
MaRYLIE » '-.-'fnte It =i I"'Ilenf\“' ("~ Commands for directly\
TRACE 3-D 5 EIEWI Turtle II'IF"-IF |f||E ¢ | editing and executing the
Eun 'Turtle Input’ File _ native TURTLE input P,
Compute &l AukoCalcs i -
Turtle Plok List 2 Display and access
Plot Specifications
[Set TURTLE Options 2pkions for entire beamline

Figure 26 PBO Lab TURTLE Commands Menu.
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The Turtlelnput file may be edited and
saved by the user. TURTLE will read
and execute the edited file (errors and
alll) when the Run ‘Turtlelnput’ File
command is selected.

PBO Lab 2.0 User Manual Supplement: TURTLE & DECAY-TURTLE Modules

The DECAY-TURTLE Commands Menu is identical to
the TURTLE Commands Menu shown in Figure 26.The
firstitem in the TURTLE Commands menu is the primary
command for generating input and executing TURTLE.
The second group of commands is for separately
generating input and running TURTLE. The last two
commands are used to access TURTLE Plot Specifications
and Options.

The Write Input & Run TURTLE command writes a
Turtlelnput file for the model defined in the Model Space
of the Document Window and then executes the TURTLE
program, which reads that input file and executes the
commands written as a MAD (Methodical Accelerator
Design) formatted input file. Figure 2 illustrates an
example of using this command.

The second section of the TURTLE Commands menu
contains three items to assist the user in directly editing
the Turtlelnput file. These commands are useful for
implementing TURTLE parameters or instructions that
might not be directly supported in the PBO Lab user
interface. Changes made to the Turtlelnput file are not
retained in the PBO Lab model data and the TurtleInput
file will be over written with subsequent Write Input &
Run commands.

The third section of the TURTLE Commands menu
contains the TURTLE Plot List item which is used to

display a cumulative list of all the user-specified TURTLE
Plot Specifications for the entire beamline. The TURTLE
Plot List Window is discussed separately in the TURTLE
Plot List Section. TURTLE plots, including both one-

dimensional bar graphs (1-D Projection Plots) and two-
dimensional scatter plots (2-D Correlation Plots), are
specified in the TURTLE Plot Specification Window

which is discussed separately in the TURTLE Plot
Specifications Chapter.

The fourth section of the TURTLE Commands menu contains

an Options command which opens the TURTLE Options
window discussed in the TURTLE Options Chapter.
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View Menu

The PBO Lab View also contains application-specific sub-

menus for any installed Application Modules. The sub

menu for the TURTLE Application Module, shown in

Figure 27, contains three commands for opening TURT Lilke TURTLE and DECAY-TURTLE
input, output and plot data files. These command&w sub menus contain three
automatically open PBO Lab Text Edit Windows for th&mmands for opening the input,
selection without having to go through a file open dialog®Put and plot data files.

and locate the file. A file open dialog is provided from

the Scratch Text Edit Window which can be used to open

any text file in the PBO Lab environment. Refer to the

main PBO Lab User Manual for a description of the Open

Scratch File command in the View Menu of the Document

Window.
Hide Palette B ar _Commands for DI reCtIy
Hide Global Parameters Vlerng and/or Editi ng the
TRANSPORT | Turtle Input and Output Files
gt Fie
e o The View Menu commands do not
TBACE 3D »  FlotFile

. generate any data files. The files
Open Scratch File . .
Physical Constants must exist in order to open them

. from the View Menu.
Figure 27 TURTLE View Menu.

The Input file is generated with the
The DECAY-TURTLE View Menu is identical to the Write Input & View or the Write Input

TURTLE View Menu shown in Figure 27 and will be& Runcommands. The output file is
included when that Application Module is installed. . ~9enerated withthe Write Input & Run
and the Run Input File commands.
The View menu commands do not generate any data fil@g. yiot data file is generated with
If the respe(_:tlve flles_ do not eX|_st then they_must [ Write Input & Run and the Run
generated with the Write Input & View or the Write Inputnput File commands when there are
& Run commands in the Commands menu. plot specifications in the beamline
model.
Changes made to these files must be saved with the Save
As command in the File menu qf the Text Edit WINdOW, . 1UrTLE and DECAY-TURTLE 1/O
Note that changes made to the input file are not reflect@ds are overwritten on each
in the PBO Lab beamline model and the input file will bexecution of the Write Input and Run
over written with any subsequent commands that caus@un input File Commands.
PBO Lab to generate a new input file.
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6. Plot Specifications

Output from TURTLE and DECAY-TURTLE must be
explicitly requested at specific locations in the beamline
model. Marker and Final Pieces are inserted in the

beamline to specify the locations for collecting ray tracene-Dimensional Projection Plots

data. Any of the six beam parameters: x', x, y', y, z(l) affg" Graphs) and Two-Dimensional
%rrelatlon Plots (Scatter Plots) are

z(DelP/P) may be selected for pIottlng. Figure 2
illustrates opening Marker Piece Windows to access P
Specifications for TURTLE and DECAY-TURTLE. As
many as six different plots may be requested for each
location Marker or Final Piece in the beamline, for a
maximum of one hundred Plot Specifications over the
entire beamline.

ned in the Plot Specification
dow.

Fle Edic Y
TURTLE hd

a@@m T
Globals 1 cing/Tracking 1 Floor Cooreinates
Particle Charge 1 3 o
Particle Mass: osrn 2zeos ¢ | @] BT ORR

Beam Energy 0000 1 00e+010 &

Insert Marker or Final Piecesin

Beam Current 00000 1 00e-007 . .
the beamline model to specify

Freguency 3.0000  3.00e+004 @ . . .

R GEE) locations for collecting plot data

KvBeam cdecay DORFT QD DRFT DRFT aD2 DRFT DRFT  @D-3  DRFT DRFT QD-4  DRFT  DRFT  HFAD _xSect. zeto newap. x3ect  zero  FINAL

f / )
-

22 Pieces

MEUTRING v

Select a particle from the
Named Particles popup
for each DECAY-TURTLE
Plot Specification

B Turtle Plot Specification

’—PM € ADProjectionFlct & 2.D Canelstion Flot ‘ |—PM 1D Projection Pt 2. Comreiaian Plat ( [emmmo d] ‘b
Projection s Bin Size Unts fois Renge st | Projection Avis BinSize rits s Range set
C:;ﬂ::ﬂls vertesl [y -] Josssooo | oM [-+o7o000 " [1.570000 obte | Vet [y -] [zomo0n | em [-s80.00000 | [s0.000000 ke |
Herzortal [y 5 Jogaoooo | oM [-1o7o000 " [1.570000 Ep— Horzontal [y <[ [z00m00 | em [-ss0.00000 " [s0.000000 P —
[Po. [ axs | size | tow. | wpe | Pron | Awe | sze | Low. | Upn | [Cpoi [ aws | size \ Low. | U, | Pro. | Axs | sze | Low. | um. |

e, i 0.040000] -1.070000] 1.070000] Horz B3 0.040000] -1.070000] 1.070000 et EE
[ vert v 20 oooooo} 50,0000 550.000000] . Horz... [ .| 20 000300 5500000050 00d000)

Figure 28. Requesting plots at specific locations in the beamline.
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Refer to the Marker Piece Section in
the Beamline Elements Chapter for a
description of using the Marker and
Final Pieces to define location-specific
Diagnostics.

Diagnostics for Any Installed

PBO Lab 2.0 User Manual Supplement: TURTLE & DECAY-TURTLE Modules

A Marker or Final Piece can be inserted anywhere in the
beamline model to specify a location for collecting
diagnostic data. The Marker Piece Section in the Beamline
Elements Chapter describes using the Marker and Final
Pieces to define location-specific Diagnostics for
TURTLE and DECAY-TURTLE.

When the Application Context is set for TURTLE in the
Marker Piece Window, the Open Button in the Diagnostics
panel will open the TURTLE Plot Speci-fication Window
as illustrated in Figure 29. Likewise, the DECAY-
TURTLE Application Context is used to open the DECAY-

T ~ |
Energyl ITURTLE - l ‘
= CDW
B

set in the Document Window or i
the Marker Piece Window

DRE I Removel |

The Application Context can be }
n

Application Module are
Displayed in the Marker and
Final Piece Windows

/Select Between 1-D Projection\

Plots (Bar Graphs) and 2-D E
\Correlation Plots (Scatter Pl otsb\

4>

Diagnostics |

[\

Decay-Turtle Scatter - % ws. ¥
Decay-Turtle Scatter - % ws. ¥

catter - vs. X
Scatter - ¥ ws. X

The Open Diagnostics Button
is used to access the Plot

Specification Windows

/me\k{émove |

{ )

Store

Bar Graphs

Specify Bin Size for

[(1—D Projection Plots)

E

ower Range for Vertical

Specify the Upper and
and Horizontal Axes

E% Turtle Plot Specification

Plat Selection

= 1-D Projection Plot

(¥ 2-D Correlation Plot

The Vertl caI Proj ection AXiS Projection Axis Bin Size Units Axiz Range Set |
popup is used to specify the Wertical |}{' vl |1.000000 mrad |-14.400000 |14.400000 Delete |
Vertical Component for Horizartal |x vl |0 040000 cm -1.070000  [1.070000
both 1-D and 2-D Plots / ' I I I™ Auto Seele Plots<7—
Use the Horizontal Proj ection Proj. iz Size Lawy. Upp. Proj. A5 Size Law. Upp.
Axis popup to specify the erf. i 100000014 400000 [14.400000| Horz. L 0040000 -1.070000( 1070000
Horizontal Component for NN SUTAVANGR e
2-D Plots

Select Auto Scale Plots to
Allow PBO Lab to Calculate
Axis Range Values that Fit Data

Select Existing Plot Specificationsj

P, with the Mouse to Edit or Delete

Figure 29 TURTLE Plot Specifications Window.
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After making selections for Projection Axes, Bin Size and

Range values, the Set button is used to accept the Plot

Specification. The list at the bottom of the Plot

Specification window displays all of the plot specificationgne_Dimensional projection Plots
for the associated location Marker or Final Piece. Thi§; Graphs) and Two-Dimensional
listis also displayed in the Diagnostics panel of the Markggireiation piots (scatter Plots) like
or Final Piece Window. Once a plot specification hase ones shown in Figure 30 are
been defined, it can be removed by selecting it with tliefined in the Plot Specification
mouse in the list at the bottom of the window and pressingjdow.

the Delete button. (Individual Plot Specifications can also

be deleted directly from the Marker or Final Piece window

by selecting the plot specification and pressing the

Remove button.) Existing Plot Specifications can be edited

in the Plot Specification window by selecting them in the

list and then using the Set button after making any changes.

Plot Specifications that are selected with the mouse will

be hilited in the list as shown in Figure 29.

Figure 30 illustrates an example of PBO Lab Graph Plots
Windows created for TURTLE Plot Specifications.

Turtle Plot Window | [O] <]
Print’ Copy “row Symdads S osd SetScale
] .
0032599 . : £ Turtle Plot Window | _ (O] x]
Print. Copy “row Symbois duom a8 SetScale
:
+2 * 1135000000 —r
vyt ! ! ! Shift-Click for Position
00163 [ e A o «
- X 3
NG — ¥
%7 H
101.2500 . Pen Width 1 -
3.57e-005 [ — LEomD =
67.5000 f- . Y - In Bounds
-00183 | B
33.7500 =
-0.032568 1 1 1
-0.006357 -0.0032 -3.13e-005 0.003
Y (rad) vs. Y (m)
0.000000 hd
|-EI.D1 oooo -0.0050 0.0000 0.0050 0.010000

Particle Distribution Histogram

Figure 30. Example of Two-Dimensional Scatter Plots (2-D Correlation Plots)
and One-Dimensional Bar Graphs (1-D Projection Plots).
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Named Particles in DECAY-TURTLE

When the Application Context is set for DECAY-TURTLE
in the Marker Piece Window, the Open Button in the
Diagnostics panel will open the DECAY-TURTLE Plot
Specification Window. Figure 31 illustrates an example
of a Marker with one (1) TURTLE plot specification and
three (3) DECAY-TURTLE plot specifications.

Energ\;l IDECAY-TURTLE 'l ‘
r— Constraints
[~ |
Select a particle from the
- Named Particles popup
for eech DECAY-TURTLE
DR | Remanve | Plot Specification
— Diagnostics
Turtie Sratter - ¥ vs. X =]
Decay-Turle Scatter - ¥ va. X

Decay-Turtle Scatter - ¥ ws. X

Decay-Turtle Scatter - ¥ vs. ¥ E Decay-Turtle Plot Specification

Plot Selection
’7 = 1-D Projection Plat % 2-D Correlation Plot ( INEUTRINO 'I )

Projection Axis Bin Size Unitz Axiz Range Set |

— Stare

Wertic

Harizantal |x vl |20_000000 cm |-550.00000 |550.000000 -
Auto Scale Plots

2l cim I I
IY hd l I 20000000 -330.00000 - |:550.000000 Delete |

Praj.

|Axis| Size | Lty | Upp. | Praj. |A><is| Size | L. | Upp.

Wert.

Comments:
I xZect.

W 0.040000(  -1.100000 1400000 Horz. X 0.040000( -1.100000( 1100000

Figure 31. DECAY-TURTLE Plot Specifications Window.

The Plot Specification Window for
DECAY-TURTLE provides a pop up to
select a particle for each plot
specification.

Plot Specifications for DECAY-TURTLE are similar to
those of TURTLE, described in the previous subsection.
However, DECAY-TURTLE requires a particle to be
selected for each plot specification. Particles are selected
for a particular plot using the Symbolic Parameter Name
assigned with the Special (SPEC) Piece. (Refer to the
Special Piece Section in the Beamline Elements Chapter.)
A pop up control is provided in the DECAY-TURTLE
Plot Specifications Window (Figure 31) to chose from
the named particles.
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Plot Specification Parameters

Some care must be used in setting up the Plot Specification

parameters, and some iteration may be necessary in ofg‘n
to get useful output. An example of how PBO Lab can lagng

used to assist in defining the plot specification parameters
is discussed below. Figure 32 illustrates setting up plot
specifications for the two transverse (x'-x and y'-y) phase
space plots of the rays at the end of the beamline.

Use the Final Ellipse Plots

Option for the Transport Plot
Specification, then Execute
Write Input & Run Transport

Get Estimates of the Range

for Each TURTLE Projection

Axis from the TRANSPORT
Final Ellipse Plot

E Turtle Plot Specification

él Ellipse Plots from TRANSPORT
e used to estimate the Axis
e parameters for a TURTLE Plot.

00072 =

0.0000

-0.0072 =

N
o

—

EH Final Ellipse Plots [ O]
): B
Printl Copy| Show Symbols| Zoo. <as SetScals | ‘
(Joni4400 . . "
Shift-Click for Position

x

W

[l

Penidth

LEGEMD

x' (rad) vs. x (m)

y' (rad) vs. y (m)

-0.014400
-0.010700

-0.00:33

1.73e-05 0.00:34

Phase Space Elipses

I 0.010700

Plot Selection
" 1-D Projection Plot {* 2-D Correlation Plot
Projection Axis Bin Size Unitz Axis Range Set < 7\
“Yerical ' mrad B
|x vl |1.000000 @ s |
Horizontal |x vI |0.n40000 om - 070000 | [1.070000
I I [ Auto Scale Plots <
Praj. AxXis Size Loy \{gpp. Praj. Axis Size Loy Upg.
e, b 1.000000 [ 4 400000 14.4\?@000 Horz. b 0.040000 | -1.070000| 1.070000
N AR R - [ oz 1 U
An Appropriate Bin Size for
1-D Projection Plots (Bar Graphs)

is Typicaly the Axis Range
Divided by 20 to 30

The Bin Sizeis not used for 2-D
Correlation Plots (Scatter Plots)

4 Use the Set button to

accept the TURTLE
Plot Specification

Use Auto Scale Plot

Option to let PBO Lab
Calculate the Plot Range

Mouse Down in the List
of Plot Specifications to

Edit or Delete Entries

Figure 32 Setting Up TURTLE/DECAY-TURTLE Plot Specifications.
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Reasonable 1-D Projection Plots are
usually obtained for Bins Sizes that
are one-twentieth to one-thirtieth of
the Axis Range.
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To estimate values of the plot specification parameters to
be used by TURTLE (or DECAY-TURTLE), it is useful
to first run TRANSPORT with the Final Ellipse Plots
option selected in the Transport Plot Specification window.
(Refer to the TRANSPORT Application Module
Supplement for more information on Transport.)

After the TRANSPORT run is complete, the data from
the Final Ellipse Plots (Figure 32) can be used to estimate
the Axis Range for the x'-, X-, y'- and y-axis for each plot
specification. In this example, the vertical axes are taken
to be x' and y', with the Axis Range for both setid
milliradian (mrad). The horizontal axes are x and y, with
their Axis Ranges both set tel centimeter. For 1-D
Projection Plots (Bar Graphs), once the desired Axis
Range is determined, the Bin Size (Figure 29) for each
axis must be set. Reasonable 1-D Projection Plots are
usually obtained for Bin Sizes that are in the region of
one-twentieth to one-thirtieth of the Axis Range. The
values shown for the vertical and horizontal Bin Sizes in
this example are not used since the Plot Selections are for
2-D Correlation Plots.

After the Plot Specifications are entered, the Write Input
& Run command in the TURTLE (or DECAY-TURTLE)
Commands Menu is used to create the input file and
execute the program. A Output text window will be
opened, and data will be written to the window. An echo
of the input file data will appear initially, and then the
character based histograms are written, as shown in
Figures 34 and 35.

PBO Lab will also open interactive Graph Plot Windows
for each of the Plot Specifications, and will generate bar
graphs and scatter plots for the same data shown in the
native text output file. Figure 33 shows an example of
the scatter plots created by PBO Lab.
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P8 Turtle Plot Window H= 3
Printl Copyl e ‘
[0.014400 : : - o »
Shift-Click for Postion
. X
Y
00072 F . Pen yWicth |1 vl
LEGEND =
0.0000 F g W (rad) va. X (m)
00072 F 4
B2 Turtle Plot Window =] E3
Pri| Copy| St Simieds Foon (a2 SetScale| ‘
I-D.D144DD 1 1 1
[Fooioron -0.0054 0.0000 0.002
] [o.or4s00
Hrad) vz K 0m) T T T Shift-Click for Position
x
Wi
00072 F B Pen yWicth |1 vl
RIFETI -
& = LEGEND =
0.0000 = . W (rad) v, Y (m)
00072 F 4
[-0014am0 1 1 1 d
[[omoron -0.0054 0.0000 0.0054 [omoron
W (rad) ve Y (m)

Figure 33. PBO Lab Scatter Plots of x'-x and y'-y Phase Space.

Refer to the Graph Plot Windows Section in this Chapter
for a description of features supported by PBO Lab Graph
Plot Windows. Additional information may also be found
in the main PBO Lab User Manual in the Plot Tools
Section of the PBO Lab Analysis Tools Chapter.
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HISTOGRAM NO 1

HORIZONTAL AXIS X INM 959 M FROM THE START

VERTICAL AXIS X'INR 959 M FROM THE START
-.010 -006 -002 .002 .006 .010

TOTALS

I**___**___**___**___**___**___**___**___**___**___**I _______
-.014 TO -.0131 I 0
-.013TO -.0121 I 0
-.012TO -.0111 I 0
-.011TO -.0101 11 1211 7
-.010 TO -.009 | 14113211211 I 18
-.009 TO -.008 I 21312111111 I 15
-.008 TO -.007 | 123515312341 1 I 32
-.007 TO -.006 | 15 2246438 41132 | 46
-.006 TO -.005 I 11 2 141 3322634222 2 I 41
-.005 TO -.004 | 1321648332339327214 1 I 68
-.004 TO -.003 I 112323434466124221323 I 59
-.003 TO -.002 | 2122253354353384551311 I 71
-.002 TO -.0011 213446154413723342 1 I 60
-.001 TO .0001 2 1254452551A32412212 I 63
.000 TO .0011 132 41242289233515 53 2 I 67
.001 TO .002 I 11121475444227454224212 I 71
.002TO .0031 1134 64764225313443311 1 I 69
.003TO .004 I 133 75341583162 12311 2 I 62
.004TO .0051 2221433521542543145123 1 I 65
.005TO .006 I 2252 2356454631 2 1 | 53
.006 TO .007 I 23 231264 223443311 | 46
.007 TO .008 I 12112 2121328 1131 I 32
.008 TO .009 I 21113613 143231 I 32
.009TO .0101 2112 21121 I 13
.010 TO .0111 11 41 7
.011TO .0121 111 I3
.012TO .0131 I 0
.013TO .0141 I 0

I** *% *% *% *% *% *% *% *% *% **I

I I
I I
I I
I 112255754775657543421 I
TOTALS 100000000000015474974236763892218408640000000000000 I 1000
TOTAL NUMBER OF ENTRIES = 1000 INCLUDING UNDERFLOW AND OVERFLOW AS FOLLOWS

LEFT RIGHT
ABOVE 0 0 0
0 1000 0
BELOW 0 0 0
SUM OF SQUARES = 3910.
CENTER=  .000 RMS HALFWIDTH=  .002
CENTER=  .000 RMS HALF WIDTH=  .005

CORRELATION = .0103

Figure 34 Example of Output from TURTLE (x'-x Phase Space).
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HISTOGRAM NO 2

HORIZONTAL AXIS 'Y INM 959 M FROM THE START

VERTICAL AXIS  Y'INR .959 M FROM THE START
-.010 -006 -002 .002 .006 .010

TOTALS
I**___**___**___**___**___**___**___**___**___**___**I _______
-.014 TO -.0131 I 0
-.013TO -.0121 I 0
-.012TO -.0111 I 0
-.011TO -.0101 I 0
-.010 TO -.009 | I 0
-.009 TO -.008 I I 0
-.008 TO -.007 | I 0
-.007 TO -.006 | 1 1 I 2
-.006 TO -.005 I 13 1112122 12112 I 21
-.005 TO -.004 | 1122121131423114323311 111 | 46
-.004 TO -.003 I 14113872233114115442 324431421 2 | 84
-.003 TO -.002 | 121 312211543114657232432344122 1221 1 I 89
-.002TO -.0011 114 34432335463682365541234553411213 1 | 121
-001TO .0001 112113321353338444229266 64453344131 | 117
.000 TO .0011 12312 321535622425454454482141432343531211 | 127
.001TO .0021 124217324523 45355374745414143612335411 [ 131
.002TO .0031 113 2234 346244364244546333244522 242 I 113
.003TO .004 I 1 3321443333 443253161324211211131 I 81
.004TO .0051 2311211 34512211 34211 1 I 42
.005TO .006 I 1 112111 213233111 I 25
.006 TO .007 I 1 I 1
.007 TO .008 I I 0
.008 TO .009 I I 0
.009TO .0101 I 0
.010 TO .0111 I 0
.011TO .0121 I 0
.012TO .0131 I 0
.013TO .0141 I 0

I** *% *% *% *% *% *% *% *% *% **I

I I
I I
I I
I 1 22222342223443334333233322211121
TOTALS 100012692867115810788006867558742239638721674310000 1 1000
TOTAL NUMBER OF ENTRIES = 1000 INCLUDING UNDERFLOW AND OVERFLOW AS FOLLOWS

LEFT RIGHT
ABOVE 0 0 0
0 1000 0
BELOW 0 0 0
SUM OF SQUARES = 3752.
CENTER= .000 RMS HALF WIDTH=  .004
CENTER=  .000 RMS HALFWIDTH=  .003

CORRELATION = .0444

Figure 35 Example of Output from TURTLE (y'-y Phase Space).
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The Plot List Windows provide quick
access to all of the Plot Specifications
for the entire beamline model for a
particular Application Module.
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Plot List Window

The TURTLE Plot List item in the TURTLE Commands
Menu is used to open the TURTLE Plot List Window, as
illustrated in Figure 36 below. Similarly, the DECAY-
TURTLE Plot List item in the DECAY-TURTLE
Commands Menu is used to open the DECAY-TURTLE
Plot List Window. If no plots have been specified in the
beamline model for TURTLE or DECAY-TURTLE then
there will be no entries in the respective Plot List
Windows.

TRANSPORT v
TURTLE 4 'white Input and Run TURTLE
3
%HA.E;:J;D N ‘wirite [nput and Yiew .
T iew 'Turtle Input' File qu)lay and Access Plot
LCompute All AutoCalcs Bun Turtle Input' File Spemﬁcatlons for the
BICCITEEY | Eniire Beamline

DOptions

1 Ix]

A A

Double-Clicking an Entry in the

Plot List Window will Open the I
Associated Marker or Final Piece
Window for that Plot Specification

2-D Correlation Plots (Scatter Plots) have
both Vertical and Horizontal Components,
[ 1-D Projection Plots (Bar Graphs) have a
Vertical Component only

=l

Figure 36 Example of Opening the TURTLE Plot List Window.

The Plot List Windows provide a cumulative display of

all the user-specified Plot Specifications for the entire
beamline. This window allows quick access to the
individual Plot Specifications which are set from Final or

Marker Pieces in the beamline without having to locate
the specific Pieces in the model. Double-clicking an item
in the list of Plot Specifications opens the Final or Marker
Piece Window associated with that Plot Specification.
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Graph Plot Windows

The native output files generated by TURTLE and

DECAY-TURTLE are automatically displayed in a

scrollable Text Edit Window following program execution

(illustrated in Figure 2 of the Getting Started Chapter).

The output files contain the native character-based pl@tgraph Plotwindowis automatically
created by TURTLE and DECAY-TURTLE. HoweverPered: for the 10815 Plot
PBO Lab also provides interactive Graph Plot WINdOWsg 1, Turtie command is issued_p
for this data. These Graph Plot Windows, one for each

Plot Specification set by the user, are also opened

automatically following the execution of TURTLE or

DECAY-TURTLE.

Graph Plot Windows are independent once they are

created and subsequent runs will generate new Graph RIgth piot windows from different
Windows for the same Plot Specifications. Once a Grapfs may be created and left open
Plot Window is closed, the plot data must be generat®dsimultaneous viewing.

again by running TURTLE or DECAY-TURTLE. An

unlimited number of Graph Plot Windows may be created

and left open for simultaneous viewing. Figure 37 shows

some example Graph Plot Windows.

2-D Correlation Plots
‘ (Scatter Plots)

‘Shift-Clck for Postion
x

1-D Projection Plots \‘
(Bar Graphs)

Figure 26. PBO Lab Graph Plot Windows.
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The Button Bar at the top of Graph
Plot window provides controls for
printing and copying the graph.

Clicking on a plot variable in the
Legend will hide or show that data
set in the graph plot.

The pen size used to draw plots can
be specified for some plot types using
the Pen Width pop up.

The Show Symbols button is used
with Line Plots to display Symbols for
each data point and allow access to
data point coordinates.

The Set Scale button allows axis
scales to be modified directly in the
Graph Plot Window.
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The Graph Plot Windows may be resized from thumb-
nail size to full-screen and provide several interactive
features. A Button Bar at the top of the window provides
options for printing the graph and for copying the graph
to the system clipboard.

Plot variables are identified in the Legend in Graph Plot
Windows. Clicking on a plot variable in the Legend will
hide or show that data in the graph plot. This feature is
generally used for multi-variable plots generated with other
Application Modules such as TRANSPORT or MARYLIE.

Above the Legend is a Pen Width pop up with selections
that range from one to five. The default is one and for
most graphs this is the preferred pen width. However,
for Scatter Plots from TURTLE or DECAY-TURTLE, a
Pen Size of two may produce a more desirable result.

The Show Symbols button is used with Line Plots to
display Symbols for each data point. The coordinates of
any plotted point can then be displayed by clicking on the
symbol for that point while holding the shift key down.
This feature is used with multi-variable line plots and is
inactive for Bar Graphs and Scatter Plots generated with
TURTLE and DECAY-TURTLE.

Graph scales can be automatically calculated to fit the
data set or they may be specified explicitly in the Plot

Specification. Once a Graph Plot Window is created the
vertical and horizontal scales of the graph may be directly
modified using the Set Scale button. This button activates
the min and max plot scales on the plot axes. Simply
type in the desired values and press the Enter key.
Alternatively, the mouse can be used to quickly zoom in

on a specific region of the graph.

Some Graph Plot Windows also provide a drag-box zoom
feature that allows an unlimited number of zooms for any
region of the graph by making a drag box with the mouse.
The Zoom Out button is used to return the graph to the
previous zoom level. This drag-box Zoom feature is not
supported for Scatter Plots and Bar Graphs generated with
TURTLE and DECAY-TURTLE.
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7. Options

The last item in the Commands menu is the Options
command. The Options command is used to open an
application-specific Options Window. Figure 38 show8ptions Windows provide options for
the TURTLE Options Window. There are two tab pane|8e Calculation Order and Aperture
the first is for setting the Calculation Order and the secoff¢n9s used by TURTLE and DECAY-

. ) - . ; TLE.
Is for Aperture settings. Similar Options are provided for
DECAY-TURTLE using the Options Command in the
DECAY-TURTLE Commands Menu.
TRANSPORT v
Write Input and Fun TURTLE
DECAY-TURTLE 3 ) ) . .
MARYLIE p| SHERITEEEEE The Options Windows for TURTLE
TRACE 3-0 o and DECAY-TURTLE both have tab
Gt &l Al el ; el L panels for Calculation Order and
STETEE Aperture Options

E® Turtle Options

Calculation Order I Apertures

Calculation Order

= Zero Order
(% First Order
" Second Order
" Third Order

Figure 38. Opening the TURTLE Options Window.

Calculation Order

The Order of Calculation for TURTLE is specified in the

Calculation Order tab panel in the TURTLE Options

Window, shown in Figure 38. Similarly, The Order of

Calculation for DECAY-TURTLE is specified in the The Order of Calculation set-ting is
Calculation Order tab panel in the DECAY-TURTLEsaved with the beamline model in the
Options Window. The Calculation Order represents tfpgeame! Window using the Save
order of the expansion about the reference trajectory In '
each element. The default setting for a new untitled PBO
Lab Document is first-order. When second-order is
selected, second-order geometric and magnetic field
effects are taken into consideration.
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DECAY-TURTLE does not support a
complete treatment of third-order
optics for decay products (secondary
particles).

The Aperture setting is saved with the
beamline model in the Document
Window using the Save or Save As
commands in the File Menu.
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Second-order calculations are necessary to cause second-
order geometric transfer matrix elements or second-order
field variations in a bending magnet to have an effect.
Similarly, second-order is also required for the magnetic
field of a sextupole to have an effect.

One differences to note with respect to the calculation
order in TURTLE vs. DECAY-TURTLE is that DECAY-
TURTLE does not have a complete treatment of third-
order optics for decay products. See page 2 of the
TURTLE Documentation for a description of the
differences.

Observe Apertures Option

The Apertures tab panel in the TURTLE Options Window
iIs shown in Figure 39 below. The Apertures tab panel
has a pop up control that is used to toggle all specified
apertures for the beamline. The default setting for a new
untitted PBO Lab Document is NONE, i. e. specified
apertures are not observed. When the Apertures Pop up
is set to INCLUDE apertures, all specified apertures will
be taken into account. Particles passing outside the
specified apertures will be lost.

This option does not apply to Aperture Pieces in the
beamline model. It does apply to all apertures that are
specified on other elements such as bending magnets.

The INCLUDE Apertures selection is used to
observe al apertures specified on magnet
elements through out the beamline, apertures
are ignored when this Option is set to NONE

INCLUDE h l

[NCLUDE

% Turtle Options

Calculation Order l Apertures
Observe Apertures for Particle Loss
Apertures IINCLUDE é\f

Figure 39. TURTLE Options for Observing Apertures.
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An Observe Apertures option is also provided for DECAY-

TURTLE. However, with DECAY-TURTLE, apertures

are assigned for a particular particle. This requiresria& DECAY-TURTLE Module requires
particle to be selected for the Observe Apertures optiaperticle type to be selected for the
using the pop up control that is provided in the Aperturé§gserve Apertures Option.

tab panel of the DECAY-TURTLE Options Window as

illustrated in Figure 40.

The DECAY -TURTLE Aperture Option
requires a particle type to be selected with
the Aperture Popup. Apertures are Ignored
when this Option is set to None

The Apertures Option does not apply
£ Decay-Turtle Options to Aperture Pieces in the beamline
Sl Gller | S model. It does apply to all Pipe
Apertures that are specified on

Chserve Apertures for Particle Loss
/ individual magnet elements.

Aperures INONE = l

Figure 40. DECAY-TURTLE Aperture Options.

As with the TURTLE Apertures Option, when the
DECAY-TURTLE Apertures Pop up is set to NONE, all
of the specified apertures for the entire beamline are not
observed. When a particle is selected with the Apertures
Pop up, all specified apertures will be taken into account
for the selected particle. Particles of the selected type
that pass outside the specified apertures will be lost.
Apertures are not observed for particles that are not the
selected type.

The following Chapter provides a tutorial example that
illustrates several features of the DECAY-TURTLE
Application Module which have been described through
out this Supplement.
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8. DECAY-TURTLE Example
(“Example B - Pion Decay.pbol”)

The “Example B - Pion Decay.pbol” file included in the
DECAY-TURTLE folder in the (installed) PBO Lab folder
illustrates several features of the DECAY-TURTLE
Application Module. Figure 41 shows the Document
Window and Beamline Global Parameters for this
example. The magnet lattice is identical to that found in
the “Example B - Mod After Fit.pbol” model file in the
main Examples folder. However, the Particle Mass Global
Parameter corresponds to that of a pion, and the Beam
Energy Global Parameter has been set so that the beam
momentum will be the same as the “Example B - Mod
After Fit.pbol” model.

E PBO-Lab - Example B - Pion Decay.pbol

File Edit ‘iew Command: Tool: Tutorial

foeca-nsne ]| B S D e 26 3<\ o & B B2 x| &3

Globals I TracingTracking l Floor Coordinates

Particle Charge 1 B 1 93 @

Particle Mass |13g_500000 IMBV 05110 222e+005 &

Beam Energy |24_5931 04 IMBV 00M0  1.00e+010 @

Beam Current Ig_gggggg Imrﬂ-mp 00000 1 O0e-007

Frequency I 50.000000 IMHZ 30000 300e+004 ©

Iaximum Step Size Ig_m anno 0.0020 10.0000

E ) |meretn| | —— | | 2 iy e iy WSRO
N = _| ma@ B i i & - &
m | | spEc | | ot | | uad ua oritt | | orist oritt | | orift

pam decay  DRFT Q-1 DRFT DRFT ab-2 DRFT DRFT ab-3 DRFT DRFT QaD-4 DRFT DRFT  HFQD  xZect. zero newap xSect. g

4 | »

Figure 41. The “Example B - Pion Decay.pbol” file is in the DECAY-TURTLE
folder in the Examples folder of the (installed) PBO Lab.

In addition, the Tracing/Tracking Global Parameters used
by DECAY-TURTLE (Patrticle Lifetime, Decay Particle

1 Mass, Decay Particle 2 Mass) are set to correspond to
thetet - P+ +v decay process.

Figure 42 illustrates the set up for the Tracing/Tracking

Parameters to track the decay products for an initial
distribution of 1000 pions (Particle Mass 139.6 MeV).
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Globals

Number of Macro-Particles |—1 oo
Number of Tracking Turns I—
Output Distributions every |—1 Turns

Particle Litetime (Parent)
Decay Parlicke 1 Mass

Decay Particle 2 Mass

TracingTracking I Floor Coordinates
1 10000 @
1 10000
10 100
IW nanasecond: ¥ 0.0000 IMF &
lm [y =] oomo 1m0 @
[oooonoo | Juev  ¥]  oom0  s3sis @

Figure 42. Tracing/Tracking Global Parameters used

for “Example B - Pion Decay.pbol”.

The names and charges of the primary (Parent) particle

A Symbolic Parameter Name must be
assigned for each particle type that
is to be tracked. These names are
used to define PBO Lab plot spec-
ifications, aperture conditions and
other particle - specific purposes.

and the secondary (Daughter) particles are set using the
PBO Lab Special (SPEC) Piece. Each particle to be
included in the DECAY-TURTLE simulation must be
assigned a Symbolic Parameter Name. Use the “S” button
to the left of the Parameter name for each particle type in

the SPEC Piece Window as illustrated in Figure 43.

g Special
Energyl ‘
System ] Floor ] Fringes ] Expansions ] Turtle l
Parameters Value Units Limits
= Guad Aper. Axis [QAPA] |0.000000 [ =l 0.0090 05000 @
<! Auad Hyper. Aper. [QAPH] Ig_gggggg Im j 0.0090 05000 &
ol Wert. Quad Aper. [QAPE] Ig_gggggg Im j 0.0090 05000 @ Particle Charges are
Barert Charge [PARENT] |1 ooooon & 0000 10000 @ ‘ specified in the Turtle
X :
=|Denay 1 Charge [DAUGHTER|1_DDDDDU & -1.0000 1.0000 @ tab panel of the Special
o Decay 2Charge [DAUGHTERID_DDDDDU . 40000 10000 @ Piece Window
'@‘g Special Parameter Settings - PARENT

D B

Symholic Parameter Mame: [pyony

using the Special Parameter
Settings Window for each
Particle Type

PAREMT Particle Name is:

DecayTurtle

I Pl

Figure 43. Particle Names and Charges for DECAY-TURTLE.
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Figure 44 illustrates one of plots generated by this example
using the Write Input and Run DECAY-TURTLE
command. Figures 45 and 46 show the two decay products
(muons and neutrinos) at the same location.

B Decay-Turtle Plot Window
Print] Copy| 55oom Sensits Faier s SetSoole
0Henn T ! i Shift-Click far Postion
| |
00055 4 Pen width 3 P
LEGEND =
om0 e K The pion (Parent particle) beam cross
section is approximately elliptical at
the exit of magnet labeled “HFQD.”.
00055 ~
-0.011000 N 3 2 - ::
IW -0.0055 0.0000 0.0055 W
¥ (m) we. ¥ (m)

Figure 44. Pion Y-X Distribution at Marker after Quad

13 H FQ DH
B8 Decay-Turtle Plot Window [_[ao]x
IU'SSUDUD ' % 5 - Shift-Click for Pasition
02750 = - Pen Width 3 -
o LEGEND =
. o
o000 u{Q 4 | Y Muon (Daughterl decay particle)
wels beam cross section is not elliptical at
’ the exit of magnet “HFQD”. Note the
-02750 = . .
. difference in scale as compared to the
Pion (Parent particle) beam.
[0 seomn | L . . -
IM -0.2750 0.0000 02750 IW
¥(m1vE. X (m)

Figure 45. Muon Y-X Distribution at Marker after
Quad “HFQD”
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Neutrino (Daughter2 decay particle)
beam cross section at the exit of
magnet “HFQD”. Note the difference
in scale as compared to the Pion and
Muon beam plots. Only 4 neutrinos
are within the requested plot region.

P& Decay-Turtle Plot Window

PBO Lab 2.0 User Manual Supplement: TURTLE & DECAY-TURTLE Modules

Print] Copy | 1w Sumbsis. Zour Gas SetSeale|
5500000
i ! ! [ Shift-Click for Position ——
| =
| z |
27500 F ] Penwidth ERE
LEGEND =
. R
00000 *e ¥o(m) ws X (m)
.
27500 F
5500000 | =

L L L
"5 500000 27500 0.0000 27500 5 500000

¥ {m) v, X (m)

Figure 46. Neutrino Y-X Distribution at Marker after
Quad “HFQD”".

Figures 47 and 48 show plots generated by this example
following the Aperture Piece “new ap.”.

P& Decay-Turtle Plot Window

Print] Copy | 1 Sumbais) Zoor Gas SetSeale|
0.011000

The pion (Parent particle) beam cross
section is approximately elliptical at
the exit of slits labeled “new ap.” sonss |
The slits (apertures) are only applied
to the muon and neutrino com-
ponents, so the pion beam plot is
identical to that following magnet
“HFQD”. i

1 Shift-Click for Postion ———
| w

¥

panw‘mh .3.. .

LEGEND: =
¥ (m)ws. K (m)

00000

BT L L L El
[momooe -0.0055 00000 0005 Goiio00

MM s, K im)

Figure 47. Pion Y-X Distribution at Marker after
Aperture Piece “new ap.”
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B4 Decay-Tuitle Plot Window

Print| Copy| Srre Syndals D o
| (EEE T T T - Shift-Click for Position ——|
. Ly
L . 4 Peniidth ER

LEGEND =
00000 F 3 1| ymivsxm

-0.0055 =

I-EI m1ooo 1 1 1 LI
oo -0.0055 0.0000 00085 [Gatione

¥(m1vE. X (m)

Figure 48. Muon Y-X Distribution at Marker after
Aperture Piece “new ap.”

Muon (Daughterl decay particle)
beam cross section at the exit of slits
labeled “new ap.” Most of the
muons have been stopped by the
+2.5mm horizontal slit aperture, and
are removed from the plot data.
Note the difference in scale as
compared to the muon plot just prior
to the slit (i.e. following magnet
“HFQD”).

In this example, none of the neutrinos have survived
passing through the vertical aperture applied to that
component. The result is that no data is available for the
requested neutrino plot following the Aperture Piece. An
alert message is displayed to indicate that more plots have
been requested than there are data sets generated by
DECAY-TURTLE. Figure 49 below illustrates this the

alert message.

|

There were more plot specs then
there wete id's in the Plot file

Figure 49. Alert Indicating that No DECAY-TURTLE
Particles were generated for at least one of the
requested plots.
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Complete decay or loss of all particles
of one type due to apertures or slits,
may result in tan alert indicating the
lack of data for a requested plot.



Muon (Daughterl decay particle)
beam cross section at the exit of slits
labeled “new ap.” Again, most of
the muons have been stopped by the
+2.5mm horizontal slit aperture. and
are removed from the plot.
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Iterative uses of the Write Input and Run DECAY-
TURTLE command creates a new initial distribution of
particles for the simulation. While the statistical properties
of the initial distribution will be virtually identical (i.e.
the Semi-Axis Beam Parameters), the coordinates and
momenta of the individual macro particles will be
different. This can result in noticeable differences in the
Parent and decay product distributions downstream,
particularly if there are few particles available for a given
plot. Figures 50 and 51 show the muon and neutrino plots
following the Aperture (slit) Piece “new ap.” for a second
execution of the Write Input and Run DECAY-TURTLE
command for the “Example B - Pion Decay.pbol” model.
(The pion beam is very similar to that shown on the
previous page and is not displayed.)

E Decay-Turtle Plot Window

0011000
% ! ! - Shift-Click for Position ——
| “ |
00055 . 1 Penidth 3 =

LEGEND =
00000 J () wa. K ()
. e

-0.0055

ootoon | L L L =l
0o o -0.0055 0.0000 0.no0ss 0011000

() ws. X (m)

Figure 50. Muon Y-X Distribution at Marker after
Aperture Piece “new ap.” following a second execution
of DECAY-TURTLE.
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BB Decay-Turtle Plot Window

ml ml Thaw Symbis] Zoorm a2 SetScale
ID'D'I e L T ! Shift-Click for Position——
| ¥
L B PenWidth 3 x . .
= —= Neutrino (Daughter2 decay particle)
:] beam cross section at the exit of slits
0000 - . { | Yemvsxm labeled “new ap.” Now one of the
neutrinos has survived the vertical slit
L aperture. and appears in the plot.
I—DUHDUD 1 1 1 LI
[amon -0.0055 0.0000 00055 [Gomon
Noomivs, K om)

Figure 51. Neutrino Y-X Distribution at Marker after
Aperture Piece “new ap.” following a second execution
of DECAY-TURTLE.

As a final example of the use of DECAY-TURTLE, the
Option to apply magnet apertures to the Parent particles
is illustrated in Figure 52. The quadrupole magnet labeled
“HFQD” has a Pipe Aperture radius specification of 0.5
cm. (The other quadrupoles in the “Example B - Pion
Decay.pbol” model have larger radial apertures: 1.0 cm.)
The Apertures panel of the DECAY-TURTLE Options
window is used to apply the magnet apertures.
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The pion (Parent particle) beam cross
section is approximately circular,
rather than elliptical, at the exit of
magnet labeled “HFQD” when the
magnet apertures are applied to the
Parent particles.
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E& Decay-Turtle Plot Window

Print] Copy| 55oom Sensits Faier s SetSoole
Sl T ! i Shift-Click far Postion |
x |
¥
00035 4 Fenwan 3 B
KL o2 %8,
g2 28

00000 =

LEGEND =
Noomywe. ¥ (m)

-0.0055 ~

0011000 L L L
Honi0o0 0.0055 0.0000 00055 S oiin0n

¥ (m) ve. K (m)

Figure 52. Pion Y-X Distribution at Marker after Quad
Piece “HFQD”

When the Apertures Option is used to apply magnet
apertures to the Parent particles, the decay product
distributions are only affected to the extent that Parent
particles can no longer decay once removed from the
beam. In this example, only the aperture for the last
guadrupole “HFQD” has an impact on the Parent particles,
so that the decay products at the exit of the magnet are
unchanged (except for differences associated with
different initial distributions). Figures 53 and 54 show

the muon and neutrino distributions for this particular run.
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B Decay-Tuitle Plot Window H[= E3
Print| Copy| &5som Smints | M g SctSoele
01 550000
| Shift-Click for Position
| =
v |
0250 4 Peninidth 3 E
3., . LEGEND =
oo
'* .
00000 F K ¥ {m) vs, K (m)
4
- *
L Rd
..
02750 | o
-
2550000 : = | =l
T es0non 02750 0.0000 02750 T 2a0000
¥ (m) vs. X (m)

Figure 53. Muon Y-X Distribution at Marker after
Quad “HFQD”

L Y ! ! ~ Shifl-Click for Position —
Es
y
27500 1 Penwdth R
LEGEND =
0.0000 - . ¥ ) vs X (m)
L]
.
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-5500000 L L L =]
5 500000 27500 0.0000 27500 Z 500000
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Figure 54. Neutrino Y-X Distribution at Marker after

Quad “HFQD”
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The muon (Daughterl decay particle)
beam cross section is unchanged
(except for statistical variations) at the
exit of the magnet labeled “HFQD”
when magnet apertures are applied
only to the Parent particles.

The neutrino (Daughter2 decay
particle) beam cross section is also
unchanged (except for statistical
variations) when the magnet
apertures are applied only to the
Parent particles.
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