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Presentation Outline

Designing & Simulating a Drift Tube Linac

Part 1 - Design Mode

1. The LINAC "Design Mode" of PARMILA (aka PARMILA-2) - Input

« a. Text File Input - for LANL PARMILA-2 Code
e b. Set Up using PBO Lab PARMILA-2 Module
— PARMILA-2 Module Uses the LANL PARMILA-2 Executable

2. Example Output of DTL PARMILA Design Run
e Text File Outputs

3. Modeling the DTL with TRACE 3-D from PARMILA Generated Model

Part 2 - Simulation Mode

Performance Study of a DTL - PARMILA "Simulation Mode"

Example Output of DTL PARMILA Simulation Run

e Text File Outputs

e  Graphics Outputs Using Lingraf (PBO Lab PARMILA-2 Lingraf Module)
e Other Beam Graphics Using PBO Lab (PARMILA-2 Plots Module)

6. Using PARMILA to Design & Simulate a DTL
= You will use the Simulation Lab computers in the classroom
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1. The LINAC "Design Mode" of PARMILA - Input

Many Parameters Needed to Specify DTL Beam Dynamics Design
- John Summarized Many of These
- Other Parameters Needed to Specify the Engineering Design
- PARMILA: Beam Dynamics Design with Engineering Considerations

PARMILA Can Be Used to Design a DTL from User Specified "Goals"
- A Primary Goal: Output Energy
Alternatively Can Specify Number of Cells as a Goal
- Another Important Goal: Maximum Power Requirement
- Some Other "Goals" (lattice options, field ramping, ... )
- PARMILA Prioritizes User Goals = May Have to Iterate Design

A Given Combination of Goals Will Not Necessarily Lead to a Design
- May Get "Output” But It May Not Be Realistic
- May Get Error or Warning Reports
- User Needs to Interpret / Understand the Design Results

Suppose You Don't Like Some of the "Goal" Details and/or Certain Output
- "Change" Lines = Provides Considerable Flexibility (17 Types)!

PARMILA DTL Modeling - 1 3 G. H. Gillespie Associates, Inc.
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1. The LINAC "Design Mode" of PARMILA - Input (con't)
a. Text File Input - for LANL PARMILA-2 Code

 John Showed a Minimal PARMILA 2 Input File - Lets Look at Some Details

 "DTL.LIN" for SNS DTL Text File Input - for LANL PARMILA-2 Code
- Not a minimal input file, but it illustrates many of the capabilities
- Section IV "Running Parmila" of LA-UR-98-4478 (Simulation Lab comp.)

; In this example each DTL structure is 1 tank structure. ‘\

Global Parameters

:PrintDesignLong /

;PrintDynamicsLong

; = Comment Lines (Commands "Off")

DesignOnly ; this disables the dynamics calculation <« Will Run in "Design Mode"
;NoSFTableout

Power < Will Create the "WallPwr.out" File

FullWallPower <« Adds Beam Power to "WallPwr.out” (Note: Documentation Apparently Out of
Run11 Generally Starts File Date Regarding Required Order in File)
Title <—

*** SNS example DTL Design*** < Title = Next Line Ignored if a Command!
;linac W0, Fbunch, Ibeam, Mc?*2, Nq

linac 2.5 402.5 56.00 939.3014, -1 <« linac = Initial Beam Energy (MeV), Radio-Frequency (MHz),

Current (mA), Particle Mass (MeV), Particle Charge (|e])

; Beam Particle Distribution Spec---------

A

;ReadDist 0.

Startphase -45. Startphase = Design (Synchronous) Trajectory Initial Phase
Input -8 1000 2.371911  96.567733 0.001582015 <\
-1.022037 29.001170 0.001490245 Initial Beam Twiss Parameters for X, Y, Z
-0.028191 57.609246 0.001764593 4/ -8 = Uniform in 3-D Spatial Coords. (-) Fit to Twiss:
Alpha, Beta, Emittance (Attention to UNITS, "0.0"!)
(Documentation Has Some Discrepancies)

Permits Reading Input Beam Data from "part_rfq.dst" File (IF Uncommented)

A
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1. The LINAC "Design Mode" of PARMILA - Input (con't)
a. Text File Input - for LANL PARMILA-2 Code (con't)

;Structure id,Nlast,F0,Fsf,deltaphi «— Structure: Identifies Different (RF) Structures (n/a if DTL only)

Structure 160 402.5402.5 -2.8814 * 1 = Identifier - Must Be Unique and Monotonically Increasing
title 60 = Last Cell of Structure to be Used
*** SNS *** .DTL. SNS DTL Tank 1 402.5 402.5 (optional) = Linac Frequency, SFDATA Frequency

DTL 1 -60 -45.0 1.13 0.00407 3.800 0. 3. -3. -2.8814 (optional) = Phase Shift (Degrees) Added to Particles
3555110. 1.250.0 0.0

11200 -25 < DTL ("tank™ in PARMILA-1): Design Goals & Parameters
(more on next page)

change 14 2.49 3700.0 101.1 3700. <« 14 = Ramp Quadrupoles with Particle Energy from 3700 G/cm at

change 16 3700 1 <\ 2.49 MeV to 3700 G/cm at 101.1 MeV (No Ramp in this Example!)
16 = Sets Field Gradient (3700 G/cm) of First Quad in Tank 1

SFDATA

; Bore =1.25, DTL

; Beta T TP S SP gbl Z E/E0 Tave dZctr

0.070000 0.563010 0.099403 0.572469 0.022447 0.170421 49.8612 1.000000 0.563010 0.000000
0.072500 0.581612 0.096563 0.566283 0.025463 0.167853 50.4299 1.000000 0.581612 0.000000
0.075000 0.599051 0.093822 0.560088 0.028186 0.165729 50.9760 1.000000 0.599051 0.000000
0.077500 0.615369 0.091189 0.553920 0.030637 0.163998 51.4976 1.000000 0.615369 0.000000
0.080000 0.630698 0.088647 0.547776 0.032845 0.162626 51.9942 1.000000 0.630698 0.000000
0.082500 0.644995 0.086223 0.541736 0.034826 0.161560 52.4719 1.000000 0.644995 0.000000

0.125000 0.793343 0.057036 0.454743 0.049088 0.158742 58.3995 1.000000 0.793343 0.000000
0.130000 0.802303 0.055025 0.447951 0.049549 0.161141 58.8976 1.000000 0.802303 0.000000 -1<— End

— Will Now Take a Look at the DTL Line in More Detalil
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1. The LINAC "Design Mode" of PARMILA - Input (con't)
a. Text File Input - for LANL PARMILA-2 Code (con't)

A Look at the "DTL" Line in More Detalil

title < Another (Optional) Title Line
*** SNS *** .DTL. SNS DTL Tank 1 < User Description of DTL: Line NOT Optional if title Present!

DTL1 -60-45.0 1.13 0.00407 3.80 0 0. 3. -3.
4 3555110. 1250.0 0.0
11200 -25 <\‘\ First Line (in this example) Has Ten (10) Entries

Second Line (in this example) Has Ten (10) Entries (see next page)
Third Line (in this example) Has Six (6) Entries (see next page)

DLT Line(s) Must Have All 26 Entries —> Zero (0 or 0.) Entries = Place Holders
0. = Starting Position (cm) for Linear Field Ramp = AZg (Entry 15 in DTL Line)

First Ten (10) Entries of DTL Line:

DTL ("tank™ in PARMILA-1): Design Goals & Parameters:
1 = Tank Identifier - Must Be Unique and Monotonically Increasing Within Each Structure Section
-60 = The Minus (-) Overrides Default Meaning of "Final Energy Goal" (in MeV) Now Means "Final Cell # Goal"
-45.0 = Initial Synchronous Phase (Degrees)

1.13 = Initial Value of (spatially averaged) Axial Electric Field (MV/m) = Eg
0.00407 = Field Tilt Coefficient (1/cm) for Linear Ramp in the Axial Electric Field = Cgjj¢
3.80 = Maximum (Final) Value of (spatially averaged) Axial Electric Field (MV/m) =EQ max
Ez =Eo[1+ Ciiit (Z-AZg)] forZ>AZg and Ez < Eg max, after which Ez = Eg max
0 = Distance (cm) to Next DTL Tank
0. = Phase Change (Degrees) to Next DTL Tank

3. = Coefficient of Constant Term in Quadrupole Strength Equation (overridden by change 14)
-3. = Coefficient of Linear Term in Quadrupole Strength Equation (overridden by change 14)

PARMILA DTL Modeling - 1 6 G. H. Gillespie Associates, Inc.
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1. The LINAC "Design Mode" of PARMILA-- Input (con't)
a. Text File Input - for LANL PARMILA-2 Code (con't)

A Look at the "DTL" Line in More Detail (con't)

title
*** SNS *** .DTL. SNS DTL Tank 1 Reminder: DLT Line Must Have All 26 Entries —=>Cannot Ignore "Place Holders"
DTL1 -60-45.0 1.13 0.00407 3.800 0. 3. -3. ( PARMILA-1 Has 29 Entries, But 20-26 Are "Place Holders")

—3.555110. 1.250.0 0.0
»11200  -25 \
\ Second Line (in this example) Has Ten (10) Entries

Third Line (in this example) Has Six (6) Entries

Second Ten (10) Entries of DTL Line:
3.5 = Quadrupole Length (cm) But If Negative (-) this Parameter is the Quad Length as a Fraction of A
5 = Tank Quadrupole Lattice is FFODDO (5 accepted values for this entry: 1, 2, 3, 4, 5 - Table IV-6)
5 = Initial Quad at Start of the Tank is the 2" "D" in the FFODDO Lattice (Points to the 5" Column in Table IV-6)
11 = "Half Quads" at Entrance and Exit Walls of Tank (4 accepted values for this 2-digit entry: 11, 12, 21, 22)

0. = Starting Position (cm) for Phase Ramp = AZEg (see prior page for linear ramp, (overridden by entry 22 below!))
1.25 = Bore Radius (cm) at Low Energy End of Tank

0. = Bore Radius Remains Unchanged, But If Non-Zero this Parameter is the Bore Radius at High Energy End

0 = Ignored But If Non-Zero this is the Cell Number Where the Bore Radius at High Energy End Starts

0. = Ignored, But If Non-Zero this Parameter Provides a Goal for the Maximum Power (MW) for the Tank

0 = Ignored (this a place holder for an unused parameter) But Must Be Present

— Last Six (6) Entries of DTL Line:

1 = Cell Length as an Integer Multiple of 3A ( PARMILA-1 Has A Cubic Ramp - No Longer Used)
1 = Linear Ramp (RampType 1) for the Axial Electric Field But Recalculates AZg To Fix The Separatrix

2 = Delay Phase Ramp (RampType 1) To Start at Cell Number 2

0 = Ignored, But If Non-Zero this Integer Parameter Specifies the Starting Cell Number for the Ramp

0 = Ignored, But If Non-Zero this Integer Parameter Specifies the Ending Cell Number for the Ramp
-25. = Maximum Value of Synchronous Phase (RampType 1) After Which Phase Ramp Ends

PARMILA DTL Modeling - 1 7 G. H. Gillespie Associates, Inc.
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1. The LINAC "Design Mode" of PARMILA-- Input (con't)
Linear Eqramp in a DTL tank for RampType (FigurelV-1.)

11 21 31 4

LG i

< 0ze >

A Eocal

EO,Ma

Eo

> 7

PARMILA-2 Has Three (3) Field & Phase Ramp Options (RampTyp¢
- RampTyped = Ramps Field Linearly, but Phase is Constant
- RampTypel = Ramps Field Linearly, and Phase Adjusted to Fix Separatrix
- RampType2 = Field and Phase Ramps Adjusted for Constant Long. Focus
[PARMILA-1 Has Two (2) Field Ramp Options, But Does NOT Use RampTypelnput
- Linear or Cubic Ramp, determined by size of Field Tilt Coefficient (1/cm) = Cy;>1]
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1. The LINAC "Design Mode" of PARMILA-- Input (con't)

Field & phase profilesfor RampTypel (mislabeled in FigurelV-2.)
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RF Drive

/ Tuner

USPAS 2011

1. The LINAC "Design Mode"
of PARMILA (con't)
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1. The LINAC "Design Mode" of PARMILA-- Input (con't)
a. Text File Input - for LANL PARMILA-2 Code (con't)

Input Lines That Follow the SuperFish "SEDATA" Lines

change 14 2.49 3700.0 101.1 3700. < These 2 Lines are Repeated from Earlier in DLT.LIN file

change 16 3700 1 +— (Are These Lines Here Necessary?) HOMEWORK:
Yes No

linout 1« Outputs RF Structure and Beam Dynamics Parameters for DTL Tank (File "Design.out")

linout 4<\ ; this outputs the linac geometry GHG uncommented 06/09/07
Outputs Geometry Parameters for DTL Tank (Documentation Says Only Useful for DTL, Not CCL,...)
Geometry Parameters Written to File "Design.out"

elimit 50. <«
;scheff deltaR. deltaZ, Nr, Nz, Nbunch, Nbetalambda, Remesh

scheff 0.05 0.05 20 40 0 0 1

start 1

stop 48

output21 13001 Ignored In "Design Mode"

;output 31 1 ("Simulation Mode" Discussed Later)
;output41 1

prtbeam
begin

A

end

A

Stops the PARMILA Run

PARMILA DTL Modeling - 1 11 G. H. Gillespie Associates, Inc.
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1. The LINAC "Design Mode" of PARMILA - Input (con't)
b. Set Up using PBO Lab PARMILA-2 Module

 linac line set using Global Parameters

;linac W0, Fbunch, Ibeam, Mc?*2, Nq
linac 2.5 402.5 56.00 939.3014, -1

B PBO-\ab - DTL. IN Emrple pba!

ol B 25 & o

[ u Tracing/Tracking | Floor Coordinates
Particle Char ~1.000000 le] 1.0000  93.0000 @
Particle Mass [939_3,]1 400 |r.1e\.r j 05110 222e+005 @
Beam Energy 2 500000 If,h_-,‘._uf j 0.0010  1.00e+010
Beam Current o5 000000 Immp j 0.0000 6096326 o
Frequency 402 500000 |r.1Hz j 30000 3.00e-004 @
Kaximum Step Size 0.04 0000 Im j 0.0020 10.0000

Suggestion: Set Context Switch
To "PARMILA-2"

BEAKOOD DTL

| |2P’|eoes |

e DTL is represented by a single (albeit complex) DTL Piece (more later)

PARMILA DTL Modeling - 1 12 G. H. Gillespie Associates, Inc.
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1. The LINAC "Design Mode" of PARMILA - Input (con't)
b. Set Up using PBO Lab PARMILA-2 Module (con't)

;PrintDesignLong
;PrintDynamicsLong
DesignOnly
;NoSFTableout
Power -
FullWallPower giea PARMILA-2 Command Pieces | _ O] %]
Select PARKILA-2 Piece to Create on the WorkSpace
SCHEFF - Set up space charge calculation =
LINQUT - To output linac de=ign data
POWER - Qutput Wall Power File (WallPwr.out)
TRANSPORT , PriBeam - Write Beam Propertiez Filez Beam.out & Parmila.plt
SFDATA Inzertion
TURTLE : SFDATA Insertion for DTL
DECAY-TURTLE k MoSFTableOut - skip printing of SuperFish data
MARYLIE 3 SFDATA Inzertion for CCL
TRACE 30 r Start a TRANSPORT STRUCTURE =
DST Convert . QUAD OFTIONS LrEate HiEne
AR : _ MPOLES - Assign Multipole Field Compenents to Quads
FARMILA-2 r Write and Fun input LIN Phazelaw - =ynchronous phaze options
PARMILA-ZA-Plots » PARMILA-Z Plot Specifications PhazelLaw Type 4 - dizcontinuous phase change
PARMILA-2A b _ _ CCDTL CCL SC1 3C2 External Quad Location Commands
PARMILA-Lingraf i Write and View input. LIN SetSuperCav - SC1 & SC2 Individual Phases & Amplitudes ||
Wiew input LIN De=ignOnly - do not include particle simulation
PARMILA-T3DHile i Run input. LIN FrintDezignLong - print all detailz of dezign _ﬂ
Compute All AutoCal
ottt i PARMILA-2 Command Pieces

PARMILA-Z Parameter Pieces
PARMILA-Z Optics Pieces

PBO-Lab Pieces
Avdliany Input k " . .
T ; PARMILA-2 "commands™ are implemented

RN 2 Cotiore with PBO Lab PARMILA-2 Command Pieces

PARMILA DTL Modeling - 1 13 G. H. Gillespie Associates, Inc.
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1. The LINAC "Design Mode" of PARMILA - Input (con't)
b. Set Up using PBO Lab PARMILA-2 Module (con't)

Power
P2 PARMILA-2 Command Pieces =1
i— Select PARKILA-2 Piece to Create on the WorkSpace

SCHEFF - Set up space charge calculation ;I
LINQUT - To output linac de=ign data

POWER - Cutput Wall Pow
PriBeam - Write Beam Propertiez Filez Beam.out & Parmila.pht

PP AT A e e e ki

E® PBO-Lab - DTL_LIN Example POWER phol [_ O]
File Edt View Commands Tools Tutoral
arnaz =] |BIS)] Df] ol 3<l0f i B =) &) 3 s
e rece
Globals | Tracing/Tracking | Floor Coordinates
Particle Charge I -1 000000 le] 1.0000 53.0000 &
Particle Ma=s= I 939301400 Ir'h_:r.‘._.r j 045110 23232 [
Beam Ensrgy |2.E-EIIJIJIZIEI If,151._.r - £TI0  1.00e:010 €
Beam Current I 58000000 - 0.0000 6098326 @
Frequency 402 5 IMHZ j 3.0000 3.00e+004 &
L.
Bl Maximum Step Si 6 G10000 [m =] 00020 100000
EEE Fiece
OTL
IMefif
ceL 3 = —
P Beam DTL
=IO
e BEAMDO DTL
CCOTL I
| | 2 Pieces |

PARMILA DTL Modeling - 1 14 G. H. Gillespie Associates, Inc.
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1. The LINAC "Design Mode" of PARMILA - Input (con't)
b. Set Up using PBO Lab PARMILA-2 Module (con't)

B PBO-Lab - DTL.LIN Example POWER pbol *
File Edt View Commands Tools Tutoral

e x| B|E) D] X|@le< 8] 5% & e

Command Window
Title Gives Brief
Command Description

Globalz I Tracing/Tracking ] Floor Coordinates |
Patticle Charge IW el P& POWER - Output Wall Power File (WallPwr out) ||
Particle Mass | 538.301400 ]rV
Beam Energy |2_5.|:||:||]|]|:| /ffﬁ.g._.r Parameters Value Units Guidance Limits
Bt Exierent I EE.DW |m.':ump 5 Frint Power (yez=0, no=1) Iu_ o 1

Frequency 00000 IMHZ 5 Include Beam (yes=0, no=1} | 0 1

L -
Fleitell Maximum Step Size I 0.010000 im Comments: | \-\

. | POWER
nTL Input Used to Assign

Command Parameters

=L e | |52 | | S or (as in this example)

et comm |~ 2 to Insert Command
Piace Ezam DTL Li . "ne LIN"

fim) ines into "input.

T POVWER BEAMODOD DTL POWER

] d K1 | FullwallPower

Suggestion: Use a Mouse Move (Shift-Drag) to place Piece on Model Space, instead
of a Mouse Copy (Drag) = eliminates Piece "pileup” on Work Space

PARMILA DTL Modeling - 1 15 G. H. Gillespie Associates, Inc.
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1. The LINAC "Design Mode" of PARMILA - Input (con't)
b. Set Up using PBO Lab PARMILA-2 Module (con't)

« Basically a one-to-one correspondence between
PARMILA-2 computational commands, and
PBO Lab PARMILA-2 Command Pieces

« Linked Commands grouped together on a single Command Piece
 Piece location in Model Space sets location in PARMILA-2 input file

e  Other PARMILA-2 input file "instructions" set up using:

PBO Lab PARMILA-2 Parameter Pieces
PBO Lab PARMILA-2 Optics Pieces (Funnel, Chopper)
PBO Lab PARMILA-2 Options

and, of course, the standard
PBO Lab Optics Pieces (Beam, Drift, Quad, ...)

(for transfer lines, intertank matching sections, ...)
PBO Lab PARMILA-2 Complex Pieces (DTL, CCL, ...)

e Words define parameters of each type of PARMILA-2 PBO Lab Object
- parameter names follow standard conventions
- choice of units for many parameters
- default units for parameters correspond to PARMILA-2 units

PARMILA DTL Modeling - 1 16 G. H. Gillespie Associates, Inc.
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The LINAC "Design Mode" of PARMILA - Input (con't)

Old Dominion University

b. Set Up using PBO Lab PARMILA-2 Module (con't)

Input -8 1000 2.371911

-1.022037

-0.028191

96.567733 0.001582015
29.001170 0.001490245
57.609246 0.001764593

pDE )
R LR

3 H 3 E3
s forrsistiensd Comp From Axis i Sary S Pad ooy from Gutpul Tutorial
S T e S e R [ |

Suggestions:

Element

Particle Distribution Type

Beam Parameterz

! Centroid, Current, Energy

=l .
|Cuurant—5n';der (Twizs) - Eeanj_

I»E-D Equivalent Uniform

= Use Beam 2

Parameters

Value Units Guidance Limits

!EE.EIEIIJIZI

(Twiss)
= Units

= Plot Scales

— Set Beam 1
(Semi-Axes)
from Beam 2

Horizontal {x)

o Emittance (x-x)
.SIE_aIpha horizontal
5 beta harizontal
’l.;';.-rti{:al (¥)

5 Emittance (y-y')
é.: alpha vertical

c! beta vertical

o Emittance (z-2')
| alpha longitudinal
' beta longitudinal

Comments:

l15.szn15u [ pi-mm-mrad 7] 0.0000  100.0000 @
|z.3?1a11 -100.0000  100.0000 &
Iee_sarrgg |.3m;rﬂd Huu 1.00e+004 @
I1-=.EIZIE£E|] Ipi—mm—mrad tj 0.0000  100.0000
|-1.uzzt|3? -100.0000  100.0000 o
lzg_umwu i.:m;rﬂd j_n.muu 1.00e+004 @
lﬂ,e.qg.ggu lppmm_mrﬂd b j_uu}uu 3017005 &
|_u_ugg1g1 ]Lsngm_nﬁnﬂ j_m.aaﬂa -100.0000 &

75225046 &

I 57.609246 lu:m-'Rﬂ!j i 00

! 100.0:000

i',-",rpe -& Input data u=ing beta Unitz 2election of cmirad, boundard (bnd) emittance values, pi-mm-mrad

AutoScale Fiots | Set P'ktt Scaks |

l X, y (mm)

X,y
(mrad)

o\
R

_20.0000 L
~10.0000 0.0 I—m_nm

l Phase (deg)

Energy
(KeV)

0.0

-100.0000 L
_45. 0000 0.0 hs_nuuu

PARMILA DTL Modeling
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1. The LINAC "Design Mode" of PARMILA - Input (con't)
b. Set Up using PBO Lab PARMILA-2 Module (con't)

Structure 160 402.5 402.5 -2.8814 <

USPAS 2011

Structure data on Geometry/Frequency tab panel

DTL1 -60-45.0 1.13 0.00407 3.80 0 0. 3. -3.
354510 0. [1.250.0 0.0 G
11200 25
s D x I
Ener I j=tance
RF ‘eh:l | Qifads | Field Ramp | Geometry/Frequency |
Para EI\E[‘S , Value Units Guidance Limits
TanR Cutut Energy Goal !CEIlNIJI‘I‘leF ;i
¢, Momal Rynal Energy | (000 Im.g*._.r :J 0.0000 20.0000 <
¥ & Final Pell Rumber Igu_ 1 100 @
> 5-.:-In'rtial ynckronous Fhase | _sc pooooo IDEQFEEE ;I -50.0000  -20.0000
@ o Initial Arial §lectric Field ]1_13|]|3|]|] lr-1‘-.-‘.|'m ;! 0.0050 5.0000
= Distance to fext Tank Iu_unngug i,:m ~| 0.0000  100.0000 @
5! Phase Change to next Tank IIZI.IZIIZIIZIIZIIZIIZI IDEQFEEE ~| -1svo000 1800000 ©
Suggestion: L = Maximum Power Limit |u.uuunun I,_Egm._.ﬂﬁ ~] 0.0000  100.0000 ©
Comments:
= Use Comment Field | | omsns tank1

« Parameters grouped on Tab Panels according to "primary" technology
 Both "Structure” and "DTL" input file data lines set in DTL Piece

e User does not need to worry about parameter order, units, syntax
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1. The LINAC "Design Mode" of PARMILA - Input (con't)
b. Set Up using PBO Lab PARMILA-2 Module (con't)

Structure 160 402.5 402.5 -2.8814 7D Latice
DTL1 -60-45.0 1.13 0.00407 3.80 0 0. 3. -3. FFDD Lattice
FODO Latti
3.555110. 1.250.0 0.0 FFFDD; I_I:;ice
M1kbb -25 {FFODDO Lattice

RF Fleld I Quads I Field Ramp ] Geometry/Freguency ]

Parameyr Value Units Guidance Limits

s.CnnstantT%ﬂ in Guad Eq. I 2000000 (0000 5.0000 &
o Linear Term in Quad Eqg. I _3.000000 0.0000 10.0000 <

Length of Quad Magnsts |L|E-E Fixed Length

0.5423 4.0678

Led Lo

» o Effective Quad Length l 2 500000 cm

+,- Ratio of Quad/Cell Length

01000 0.7500

» Quad Sequencing IFFIIIIIIDIJ Lattice

—p Cluad Sequence Start Point l 5

»

=P (uad at Tank Entrance ]HalfLength Quadrupole w_

® o@ & & @ @

AJRRIENIER

g

=% Cluad at Tank Exit IHEH Length Quadrupole

« The Quad Eq. formula - see Section 13.d, page 75, LA-UR-98-4478 (2005)
 Note: Quad Eq. parameters overridden by Change Lines (shown later)
e User does not need to worry about any "placeholder” zeroes
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1. The LINAC "Design Mode" of PARMILA - Input (con't)
b. Set Up using PBO Lab PARMILA-2 Module (con't)

Structure 160 402.5 402.5 -2.8814
DTL 1 -60 -45.0 1.13 0.00407 3.800 0. 3. -3.

3555110. 1.254.0 0.0 gy
11200 -25 Constant Lengitudial Focusing
[ = I
ey I Distance i
RF Field | Quads | l Field Ramp |_ceometryiFrequency |
Harameters Value I Units Guidance Limits
» | Linear Ramp in Eo !Adjuste::l Phaze 4 j &
—p | Ficld-titt Coefficient W 1iem 0.0000  100.0000 @
5 Maximum Axial Electric Field I 3, 200000 |r.1wm ;i 0.0000  100.0000 &
5| Initial Posttion for Eo Ramp l 0.000000 I,:n-, :I 00000  100.0000 @
2! Delay Phaze Ramp to Cell I‘_ i} 100 @
o! Starting Cell Number lu_‘ 0 100 @
5! Ending Cell Number ID— 0 100 @
5 Phase Ramp Stop Value | 3% (00000 ID&gr&c—E j -50.0000  -20.0000 &

* Adjusted Phase - Attempts to keep longitudinal Separatrix fixed
e See Section 13.b, page 73, LA-UR-98-4478 (2005)
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1. The LINAC "Design Mode" of PARMILA - Input (con't)
b. Set Up using PBO Lab PARMILA-2 Module (con't)

Structure 160 402.5 402.5 -2.8814

DTL 1 -60 -45.0 1.13 0.00404.3.80°0~Q, 3. -3.
3.555110.]11.250.0 0.0
11200 -25
Energ'_.rl Distancei
L
| RF Field | Quads | Field Ramp | Geometry/Frequency |
Parameters Value Units Guidance Limits
c| Bore Radiuz, Low|Energy l 1 250000 l':m j 0.1000 20000 @
c!| Bore Radius, HighfEnergy | 0.000000 IC'T' :J 0.7000 4.0000 &
g 1=t Cell Using F‘.aﬁus R I 0 0 100 &
| Cell Lengths (Betdlambfia) |1 1 2%
Frequency Paramgters
o' Frequency Harmgnic fi DTL!1_|;|DD|3|;||3 1.0000 2.0000
i Frequency of Dq' I 402 500000 IMHZ j 4025000  805.0000 &
¢ SuperFizh Data Frequepcy |4|]2_5|3[||]|]|:| Ir_1|.|z j 3.0000 3.00e+004 o
| Beam Dynamics Phaze Shift I_z_gm;uu lgsgreﬁ j ~180.0000  180.0000 &

» Assigns Frequency Harmonic for DLT (harmonic of Global Frequency)

« Beam Dynamics Phase Shift ignored in "Design Only" mode
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1. The LINAC "Design Mode" of PARMILA - Input (con't)
b. Set Up using PBO Lab PARMILA-2 Module (con't)

e Each PBO Lab DTL Object represents one DTL "Tank"
One PARMILA-2 Structure Line for each DTL Tank

 Piece location in Model Space sets location in PARMILA-2 input file
e Parameters grouped on Tab Panels according to "primary" technology

e Structure and Tank IDs automatically set
- assures uniqueness and monotonic increase in IDs
- user does not assign ID values in PBO Lab interface

e Will need other PBO Lab PARMILA-2 Command Pieces for execution
- SFDATA (SuperFish Data) file assignment
- LINOUT to have data written to output file(s)

e May need other PBO Lab PARMILA-2 Pieces
- Change Pieces (discussed next)

e May want other PBO Lab PARMILA-2 Pieces
- Scheff for beam dynamics - not needed for Design Only
(However, absence may create an annoying error message)

BEGIN & END lines automatically included by PBO Lab PARMILA-2
- These are used for beam dynamics calculations
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1.

change 16 3700 1

TRAMSPORT »
TURTLE 3
DECAY-TURTLE b
MARYLIE 3
TRACE 3D k
DST_Converter r
FARMILA-ZA-Flots
FARMILA-ZA
FARMILA-Lingraf

3
3
3
PARMILA-T3Dile k

Compute All AutoCalcs

Fundamentals of Proton Linear Acceleratorswith Simulation Lab

Old Dominion University

The LINAC "Design Mode" of PARMILA - Input (con't)
b. Set Up using PBO Lab PARMILA-2 Module (con't)

change 14 2.49 3700.0 101.1 3700.

Write and Bun input. LIN
PARMILA-2 Plot Specifications

PARMILA-Z2 Command Pieces

Write and View input. LIM
Wiew input LIM
Run input. LIMN

PARMILA-Z Optics Pieces
PBO-Lab Pieces

E& PARMILA-2 Parameter Pieces

Select PARKMILA-2 Piece to Create on the WorkSpace

I [=] E3

e-Scale Field Titt in a Tank

f-Scale All Design Fisld Amplitudes

g-Set RF Figld Amplitudes for Four Celis
h-Set (Approximate) Length of One Cell
h-Set (Approximate) Lengths of Four Cellz
i-2et (luad Gradientz for Range of Cellz
j=et Quad Length for Range of Celis
k-Set Bore Radius for Range of Cellz

i-Zet Quad Length in One Individual Cell
l-Zet (uad Lengthz in Four Individual Celiz

n-Scale Accerating Field for Range of Cells

o-Gradient of Firzt DTL Quad

p-Set Length of First Quad in a DTL Tank

Qa-Set Parameters for One External Quad

Qa-Set Parameters for Two External Quads

Qb-Scale All Quadrupole Strengthe within STRUCTURE

m-Ramp CGuads w Energy

Create Pisce |

=

Avpdliany Input

List Windows

PARMILA-2 Options

PARMILA-2 "parameter lists"” implemented
with PBO Lab PARMILA-2 Parameter Pieces

e Parameter Piece names start with letter (e.g. "m") corresponding to
subsections given in Section 23, page 87, LA-UR-98-4478 (2005)

PARMILA DTL Modeling - 1
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1. The LINAC "Design Mode" of PARMILA - Input (con't)
b. Set Up using PBO Lab PARMILA-2 Module (con't)

change 14 2.49 3700.0 101.1 3700.

change 16 3700 1 EH o-Gradient of First DTL Quad
. Energy Distanu:.ﬂi
Suggestion: /
= Use Units to Your Advantage "*":’:E‘fi_ — Yae Uit m‘jﬂ“{:ﬂ“;"“:‘;ﬂ"‘;i .
5 Gradient of First Qua |3mu.uunuuu Gicm ~| -3000. 20e+
5 For Tank Number I-1_|3|3|3|3|3|:| 1.0000  100.0000 &
Parameter Window Title TSI
Gives Brief Description C18

Energy_i Dizstance i

\
Parameters Value Units Guidance Linhs
| Starting Energy iz_.:guuuu !|_19*._.r j 10000 1000.000% @
¢ Starting Quad Gradient l 37.000000 iT"lm _:I 0.0000 1300000
5 Ending Energy l 1041100000 imE\_.r j .0000  1000.0000
& Ending Quad Gradient 37000000 I'j'_.'m :J 0.0000 13000000 &

Comrments:
C-14 gm \

<

Default Comment Identifies Change Type
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1. The LINAC "Design Mode" of PARMILA - Input (con't)
b. Set Up using PBO Lab PARMILA-2 Module (con't)

SFDATA
E& PARMILA-2 Command Pieces =]

Select PARKILA-2 Piece to Create on the WorkSpace

SCHEFF - Set up space charge calculation =
LINQUT - To output linac de=ign data

POWER - Qutput Wall Power File (WallPwr.out)

PriBeam - Write Beam Propertiez Filez Beam.out & Parmila.plt
m—— | SFOATA Insertion 3CHHD
SFDATA Insertion for DTL comm
MoSFTableOut - skip printing of SuperFizh data | Piece
el | ©FT1ATA, Insertion for CCL OTL =fd

Start a TRANSPORT STRUCTURE :
QUAD OPTIONS Create Piece |

MPOLES - Assign Multipole Field Components to Quads
PhazelLaw - synchronous phase options ﬁ SFDATA Insertion for DTL
Phazel aw Type 4 - dizscontinuous phase change

CCDTL CEL SC1 SC2 External Quad Location Commands
SetSuperCav - SC1 & SC2 Individual Phases & Amplitudes ||
De=signOnly - do not include particle simulation Parameters Value Units Guidance Limits

PrintDesignLong - print all details of desi ~
[ESSOR Ong T 8 o e O e sn i 5/ SFDATA Frequency e 30000 500.0000 ©

i Path | papMILA 2/SF Data File DTL *
ntz:

« Frequency should be same as [ost
DTL SuperFish Frequency
(not used - a reminder)

* File Name & Path identifies SFDATA file contents are
the file with SFDATA for the inserted into "input.LIN"
Frequency above at the location of Piece

|

e Data automatically inserted
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1. The LINAC "Design Mode" of PARMILA - Input (con't)
b. Set Up using PBO Lab PARMILA-2 Module (con't)

E& PBO-Lab - DTL_LIN Example - Design Only pbol (O] x]
File Edt View Commands Tools Tutoral
[Paruiaz =] E|| Qlﬁlil% 3¢|l§|@al&| = R ‘
Globals | Tracing/Tracking | Floor Coordinates
Particle Charge I -1.000000 jel 1.0000 930000 @
Particle Mazs I 530 301400 |r|1,_='.1._.r j 05110 2Z2e+005 &
Beam Energy |2_5|:||:||:||:||:| |r|1,_-_r1._.r j 0.0010  1.00e+010 @
Beam Current I o5 000000 |mAmn j 0.0000 6096326 &
Frequency I 402 500000 IMHZ j 3.0000 3.00e+004 o
Waximum Step Size I 0.04 0000 Im j 0.0020 10.0000
H= = 2.0 = 2.0 =2.0 = 2.0
setbn | [ sernnl | H | | &5 eng sermn ] | 252 LEEE SEHMMD | [ seHD
comm | | comm | & “| earem | | PARAM | | comm | | PARAM | | PRRAM ] | comm | | comm
Fiace Piace Esai DTL Piace Piece Piace Piece Fieca Fiece Fiece
POWER Design0O Type-&' DTL SNS Tank 1 C-14 C-16 DTL=fd C-14 C-16 LINOUT SCHEFF
| [
| 11 Pieces |

e Add a couple of more Pieces (LINOUT, SCHEFF) leaving default
values for parameters

= Design Only mode example is ready to run
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2. Example Output of DTL PARMILA Design Run

a. Text File for LANL PARMILA-2 Code b. PBO Lab PARMILA-2 Module
TRANSPORT b
TURTLE b
j DECAY-TURTLE  »
= | e
DST_Converter r
USPAS-DTLLIN PARMILA EXE | PARMILA2 | Wieand RuninputLN |
PARMILA-2AFlots ~ »  PARMILA-2 Plot Speciications
PARMILA-2A b
PARMILA-Lingraf " Write and View input. LIN
. PARMILAT3DSle  »  VewinputLIN
Run (PARMILA Execution) Generates = o
Several Output Files Depending Upon & i
PARMILA 2 Commands Used in Input N e
Aupdliary Input b
Run = File: PARMILA.OUT List Windons »
— File: Design.out PARMA 2 Cpore
— File: WALLPWR.OUT
= File: QUAD.OUT
=

File: Tr3Din.t3d

= We'll Go Through Several of These for USPAS-DTL.LIN Example
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2. Example Output of DTL PARMILA Design Run
Run (with "linout 1") = File: PARMILA.OUT

Los Alamos National Laboratory Parmila - lon Linac Design Code
Program Parmila written by Harunori Takeda

* (Copyright, disclaimers, etc., ... reiteration of parts of input file)

DTL cavity design details

EO ramped linearly with beta starting at cell 1

Phase ramp starting at cell 3 with phase 0.0 deg and constant bucket phase width 138.0 deg
(Excluding beam power) tank 1, Cu power= 0.34391 MW

LIN: change 14 2.49 3700.0 101.1 3700.

LIN: change 16 3700 1

LIN: linout 1 (PARMILA-1 this is Only in a Separate File)
RF structure and beam-dynamics parameters for DTL tank 1

Tank of length 415.19332 cm contains 60 cells

Total RF power including beam and structure = 0.6252 MW

Cavity frequency = 402.5 MHz, wavelength = 74.482598 cm

Start of first cell occurs at Z = 0.0 cm.

The column headings are: (Actually, the first column is Cell Number)
W: Energy of the synchronous or design particle at the end of the cell in MeV

Beta: Velocity of the synchronous or design particle at the end of the cell

Lc: Celllength in cm

T: Transit-time factor cosine integral with reference position at electrical center

T': Derivative of T with respect to wave number

S: Transit-time factor sine integral (average magnitude of upstream and downstream halves)
S':  Derivative of S with respect to wave number
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2. Example Output of DTL PARMILA Design Run
Run (with “linout 1) = File: PARMILA.OUT (con't)

Lg: Quadurupole magnet length in cm

G: Quadurupole gradient in kG/cm

EOd: Design value of EO for a DTL cell or an entire cavity or segment in MV/m

EO: Average axial electric field for the cell in MV/m (used in energy-gain calculation)
Phi  Phase of the reference particle at the center of the gap in degrees

Phid Synchronous phase or design phase for symmetric segments in degrees

Z: Distance to end of cell (or center of magnet) from the beam-entrance end wall in cm
Cell w Beta Lc T T S S' Lqg G EOd EO
initial 2.5000 0.07281 1.750 -3.7000
1 2.5253 0.07318 5.4326 0.5835 0.0961 0.5652 0.0259 3.500 0.0000 1.1300 1.1300 ....
2 2.5515 0.07356 5.4601 0.5861 0.0957 0.5643 0.0263 3.500 3.7000 1.1550 1.1550 ....
3 2.5784 0.07394 5.4894 0.5886 0.0952 0.5633 0.0267 3.500 3.7000 1.1802 1.1802 ....
4 ..
Phi Phid Z
. 0.0000
.... =45.000 -45.000 5.4326
.... -45.000 -45.000 10.8927
... 44939 -44.939 16.3821
58 7.1354 0.12256 9.0745 0.7852 0.0585 0.4599 0.0481 3.500 0.0000 2.9209 2.9209 ....
59 7.3258 0.12417 9.1930 0.7885 0.0578 0.4575 0.0483 3.500 -3.7000 2.9629 2.9629 ....
60 7.5230 0.12581 9.3140 0.7920 0.0570 0.4550 0.0485 3.500 -3.7000 3.0055 3.0055 ....

(RF Structure & Beam Dynamics Table Also Written to "Design.Out")

PARMILA DTL Modeling - 1
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eeen =27.738 -27.738 396.6864
... =27.388 -27.388 405.8793
e =27.040 -27.040 415.1933
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2. Example Output of DTL PARMILA Design Run
Run (with "linout 4") — File: PARMILA.OUT (con't)

LIN: linout 4 ; this outputs the linac geometry GHG uncommented 06/09/07
Geometric parameters for DTL tank 1

Tank of length 415.19332 cm contains 60 cells

Refer to Figure llI-3 in the Parmila manual for a sketch of the geometry.

Cell boundaries are near the middle of drift tubes. Drift tube N follows gap N.

The column headings are:

N Cell number and drift tube number

W: Energy of the synchronous or design particle at the end of the cell in MeV

Beta: Velocity of the synchronous or design particle at the end of the cell

Lc: Celllength in cm

SL1(N) Length in cm of the upstream end of the drift tube downstream of this gap

dg(N) Length in cm of the accelerating gap for cell N

SL2(N+1) Length in cm of the downstream end of the same drift tube referred to by the SL1(N) column
dg Displacement in cm of the gap center from the center of the cell

Lg: Quadurupole magnet length in cm (inside a drift tube if the line contains a cell number)
G: Quadurupole gradient in kG/cm

EO: Average axial electric field for the cell in MV/m

Phi  Phase of the reference particle at the center of the gap in degrees

Z: Distance to end of cell (or center of magnet) from the beam-entrance end wall in cm
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Cell
initial

AR WON-=-

57
58
59
60

W Beta
2.5000 0.07281
2.5253 0.07318
2.5515 0.07356
2.5784 0.07394
2.6063 0.07434

6.9515 0.12099
7.1354 0.12256
7.3258 0.12417
7.5230 0.12581

PARMILA DTL Modeling - 1

Fundamentals of Proton Linear Acceleratorswith Simulation Lab

2. Example Output of DTL PARMILA Design Run
Run (with "linout 4") — File: PARMILA.OUT (con't)

Lc

5.4326
5.4601
5.4894
5.5210

8.9585
9.0745
9.1930
9.3140

SL1(N)

2.2676
2.2801
2.2933
2.3077

3.8002
3.8474
3.8954
3.9444

g

0.9099
0.9128
0.9158
0.9191

1.4084
1.4312
1.4546
1.4787

SL2(N+1)

2.2551
2.2673
2.2802
2.2942
2.3075

3.7959
3.8429
3.8908
0.0000

31

dg

0.0062
0.0064
0.0066
0.0067

0.0252
0.0257
0.0263
0.0268

Lo
3.5000
3.5000
3.5000
3.5000
3.5000

Old Dominion University

G
-3.7000 ....
0.0000 ....
3.7000 ....
3.7000 ....
0.0000 ....

EO

1.1300 -45.0000
1.1550 -45.0000
1.1802 -44.9388
1.2055 -44.7158

3.5000
3.5000
3.5000
3.5000

3.7000 ....
0.0000 ....
-3.7000 ....
-3.7000

.. 2.8795 -28.0894
.. 2.9209 -27.7381
. 2.9629 -27.3882

3.0055 -27.0397

Phi Y4
0.0000
5.4326

10.8927
16.3821
21.9031

387.6119
396.6864
405.8793
415.1933

G. H. Gillespie Associates, Inc.
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1. The LINAC "Design Mode" Three DTL Cédls(Figurelll-3)
of PARMILA (con't) 7y
Cell N Cell N+1
Geometry Parameters
< Ly Si< Lnea >
Lc SL1(N) g SL2(N+1) dg Lq | capcete Celcenter °
N\

> > <

Drift tube N A Drift tube N+1
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2. Example Output of DTL PARMILA Design Run (con't)

Run (with "POWER" & "FullWallPower") — File: WALLPWR.OUT

Power loss estimate based on shunt impedance in SFDATA tables, and the cavity field and length.

Column headings are:

Cell Cell number for DTL, or cell number at the end of multicell segment
Cav Cavity number (structures other than DTL) at the end of the segment
Z Longitudinal position in cm at the end of the cell or segment

Beta Velocity relative to the speed of light of the design particle

W Kinetic energy in MeV at the end of the cell or segment

P Running power in MW dissipated in the walls of the linac to this point
Type "EndSeg" markes the ends of segments, otherwise blank

Pbeam Running power lost to the beam in MW

lavg Average beam current at this point in mA

Ptotal Running total power in all structures in MW

Pst Running total power in the current structure in MW

Cell Cav Z Beta w P Type Pbeam lavg Ptotal Pst

1 0 5.433 0.072820 2.525 0.00137 0.00142 56.000 0.00279 0.00279
2 0 10.893 0.073188 2.551 0.00281 0.00288 56.000 0.00569 0.00569
3 0 16.382 0.073565 2.578 0.00432 0.00439 56.000 0.00871 0.00871
4 ...
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2. Example Output of DTL PARMILA Design Run (con't)

Run = File: QUAD.OUT

Quadrupole magnets in all structures except DTLs <« Quads Between DTL Tanks
The column headings are:

W: Energy of the synchronous or design particle in MeV

Lqg: Quadurupole magnet length in cm

G: Quadurupole gradient in kG/cm

Zc: Longitudinal coordinate at the center of the magnet in cm

W Lq G Zc
7.5230 1.750 -3.7000 416.94332
7.5230 1.750 0.0000 424.52673 May Contain "Zero-Gradient" Quads

22.8381 1.750 0.0000 1032.49998 — (Maintains Transverse Lattice)
22.8381 1.750 3.7000 1046.87918
39.7889 1.750 -3.7000 1680.95376
39.7889 1.750 0.0000 1700.22051
56.5792 1.750 -3.7000 2343.27494
56.5792 1.750 -3.7000 2366.27178
72.4950 1.750 -3.7000 2997.60157
72.4950 1.750 0.0000 3023.53675
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2. Example Output of DTL PARMILA Design Run (con't)

Run = File: Tr3Din.t3d

nt( 5)=3,a(1, 5)= -3.7000e+1, 1.75000e+1,

nt( 6)=1,a(1, 6)= 0.96006e+1

nt( 7)=10,a(1, 7)= 3.5819e-2, -45.00,0.,1.,1,,
nt( 8)=1,a(1, 8)= 0.97251e+1

nt( 9)=3,a(1, 9)= 3.7000e+1, 1.75000e+1,

nt( 10)=3, a(1, 10)= 3.7000e+1, 1.75000e+1,

nt( 11)=1,a(1, 11)= 0.97369e+1

nt( 12)=10, a(1, 12)= 3.6961e-2, -45.00,0.,1., 1.,
nt( 13)=1,a(1, 13)= 0.98646e+1

nt( 299)=3, a(1, 299)= -3.7000e+1, 1.75000e+1,

nt( 300)=3, a(1, 300)= -3.7000e+1, 1.75000e+1,

nt( 301)=1, a(1, 301)= 2.88016e+1

nt( 302)=10, a(1, 302)= 22.1693e-2, -27.21,0.,1., 1.,
nt( 303)=1, a(1, 303)= 2.93382e+1

nt( 304)=3, a(1, 304)= -3.7000e+1, 1.75000e+1,

— TRACE 3-D Formatted Model (Drifts, Quads, RF Gaps)
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3. Modeling the DTL with TRACE 3-D from PARMILA Generated Model
* TRACE 3-D Can Be Used to Provide a "Reality Check" on Design

- PARMILA Outputs a File "Tr3din.t3d" with TRACE 3-D Lattice
- "Tr3din.t3d" Written by PARMILA Only Has Beamline Lattice
- User Must Add Other Lines to "Tr3din.t3d" to Run TRACE 3-D

= Use PARMILA to get a design; use TRACE 3-D for a first look
e PBO Lab 3.0 Can Import the PARMILA "Tr3din.t3d" Directly

— Next Few Page Show How to Do This

= Will Do This on Simulation Lab computers

PBO Lab PARMILA-T3D-file Module Import of PARMILA "Tr3din.t3d"

Steps 1-3: Only IF You Ran Example Using the PARMILA.exe Executable

= Otherwise Go Directly to Step 3

Step 1: Move a Copy of the File "Tr3din.t3d" to the PBO-Lab folder
(Do NOT Change the Name of the File from Tr3din.t3d)
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3. Modeling the DTL with TRACE 3-D from PARMILA Generated Model (con't)
PBO Lab PARMILA-T3D-file Module Import of PARMILA "Tr3din.t3d" (con't)
Step 2: Set Globals for the Initial Beam / Reference Trajectory of "Tr3din.t3d"

P& PBO-Lab - DTL_LIN Example - Design Only pbol
File Edt Wiew Commands Tools Tutonal

e =] 1012 D] e 24 s<mi B 5 & |

=] E3

Particle Charge [ Globals ] Tracing/Tracking | Floor Coordinates
. Particle Charge IW el 1.0000 93.0000 @
Particle Mass —ji== —>  Particle Mass [939.301400 [mev ~] 05110 222e+005 @
Beam Energy i —> Beam Energy [2-500000 [ev ] oo0in 10edi0 @
Beam Current —1 & aeam current [Gowwo |[mame 5] 0000 G863z o
Frequency . —» Frequency |4uz.5uunuu [ k= =] 3.0000 3.00e+004 &
E Maximum Step Size I 0040000 Im j 0.0020 100000

(=

=g.0 =Z.0 =£.0 =g.0
scHMo | | setmD LEe gnl sotmp | | AEES A setip | | eMMD
comm | | comm | “| earem | | PARAM | | comm | | PARAM | | PRRAM ] | comm | | comm
Fiace Piece Fiace Fiace Piece Figce Figcea Fiece Figce
POWER Design0O Type-& C-14 C-16 DTL=fd C-14 C-16 LINOUT SCHEFF
F-Bend
| | |11 Pieces |

Step 3: Add a Beam Piece and Set Up Parametc;
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3. Modeling the DTL with TRACE 3-D from PARMILA Generated Model (con't)
PBO Lab PARMILA-T3D-file Module Import of PARMILA "Tr3din.t3d" (con't)
Step 4: Use PARMILA-T3D-file Command to Write and Run "'Tr3Din_convert'

B4 PBO-Lab - DTL_LIN Example - Design Only pbol

File Edt View | Commands Tools Tutoral

TRMSEORT > ) <] @] 24 B 2% 3

DECAY-TURTLE > Tracing/Tracking l Floor Coordinates
-T:ngnggE_D * IW el 1.0000 93.0000 @
L
PARMILA-2 v |939.3u14un [1ev | 0.5110 222e+005 &
PARMILA-Lingraf . |2.5nuuun I”E” | 0.0010 1.00e+010 @
FARMILA-Plots L
PARMILA-T3DHile b Wite and Run "Tr3lin_convert' -
PARMILA-T3DHile Plot Specification |.0000  3.00e+004 @

Compute All AutoCalcs

Maximum Step Size Wiite and View Tra3Din_convert’ ).0020 10.0000
Wiew Tralin_convert’

PARMILA-T3DSile Command Pieces
E PARMILA-TADSile Parameter Pieces —io esED
L sotD | | =cHMD 7;| PARMILA-T3D4ile Optics Pieces schtD | | SR e sctbo | | scHMD
it comm | | comm || . : comm |~ | PARAM |~ | PARAM | | comm | | comn
Fiece Fiace B« PARMILA-T3D4ile PBO-Lab Pieces Fiace Fiece Fiace Fiace Fiece
POWER DezignO Type Avmdliany Inpit FITL=fd C-14 C-16 LINOUT SCHEFF
List Windows r
PARMILA-TAD file Options
| ia
11 Pigce=z |
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3. Modeling the DTL with TRACE 3-D from PARMILA Generated Model (con't)
PBO Lab PARMILA-T3D-file Module Import of PARMILA "Tr3din.t3d" (con't)

Old Dominion University

When the PARMILA T3D_file Command to Write and Run *Tr3Din_convert'
is Finished You Should See a Text File Named "Tr3din.pbop™ Open on
Your Computer Screen. It Will Look Something Like This:

BR 1r3Din.pbop =] E3
File Edit Font
A i—!
"FBO-Lab, G.H. Gillespie Associates"
"Verzion"2. 12
"Sublins" 219
"Component ™ anz
"ConstraintAttach"” 1
"END"
A
"Component " 5 4 "piece" "" "Drift" [ "comment" "Drift Comment" "D Balit o
"Component " B { "piece" "" "COuad" { "comment" "Quad Comment" "Q B A
"Component 7 4 "piece" "" "Drift" [ "comment" "Drift Comment" "D P
"Component " g { "piece" "" "RF Gap" ({ "comment" "RF Gap Comment" "G a"
"Component " 9 { "piece" "" "Drift" { "comment" "Drift Comment" "D 9"
"Component 10 { "piece" "" "Ounad" [ "comment" "Quad Comment" "0 1" i
"Component " 11 { "piece" "" "COunad" { "comment" "Quad Comment" "Q i i
"Component " 12 { "piece" "" "Drift" { "comment" "Drift Comment" "D 12"
"Component " 13 { "piece" "" "RF Gap" { "comment" "RF Gap Comment" "G 13"
"Component " 14 { "piece" "" "Drift" { "comment" "Drift Comment" "D 14"
"Component 15 { "piece" """ "Onad" [ "comment" "Quad Comment" "0 15" 3
"Component " 16 { "piece" "" "Ounad" [ "comment" "Quad Comment" "0 16" 3
"Component " 1? { "piece" "" "Drift" { "comment" "Drift Comment" "D 1t oy
"Component 13 { "piece" "" "RF Gap" { "comment" "RF Gap Comment" "G 13"
"Component " 19 { "piece" "" "Drift" { "comment" "Drift Comment" "D 10
"Component " 20 { "piece" "" "Ouad" { "comment" "Cuad Comment" "Q 20" ¢
"Comoonent " 21 4 "piece" """ "Onad" ( "comment" "COuad Comment" "0 Felr ,I
A L

You Can Close
This Window
After It Has
Been Displayed

= File "Tr3din.pbop™ Contains a PBO Lab Object Model of the Lattice
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3. Modeling the DTL with TRACE 3-D from PARMILA Generated Model (con't)
PBO Lab PARMILA-T3D-file Module Import of PARMILA "Tr3din.t3d" (con't)
Step 5: Use the Edit Menu to Select Import Pieces (.pbop)

B4 PBO-Lab - DTL_LIN Example - Design Only pbol

ﬁlelEdjrt Wiew Commands Tools Tutoral

Cal 8= o : LEEDALEE w
= i g <0l odB) 2 ) e
p— PY
q Paste i<y | Tracing/Tracking l Floor Coordinates
'; Delete 1000000 el 1.0000 93.0000
3
= Had [e30301400 | fuev x| 010 222005 @
Or
= aliasElEmentE] I £ 100000 II'I'L-':kI'I'IIII j 0.0000 6096326 ©
# SliEe e Wginal
, |4uz.5uunuu [ 1rz =] 3.0000 3.00e+004 @
au - fiEke Sibine
| — ; ; 0.0020 10,0000
o | Eater SoElite I ki Im j
M Snale Eields
; Madify Comments
Erport Selestion T =z =z =z =z
import Pieces (pbop) = | |BE3E] | &4 | |5 | oo | 85| 558 | | emed | oo
OTL FARAM FAFRAM comm FARAM FARAM comm comm
A Fiaca Fiece Fiece Pigce Fiece Pigce Piece
POWER DezignQ Type-2' DTL SNS Tank 1 C-14 C-16 DTL=fd C-14 C-16 LINOUT SCHEFF
| i
| | 11 Pieces |

= This will open a standard Windows dialog for opening a file
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3. Modeling the DTL with TRACE 3-D from PARMILA Generated Model (con't)
PBO Lab PARMILA-T3D-file Module Import of PARMILA "Tr3din.t3d" (con't)
Step 6: In the Windows Dialog, Select the File Tr3din.pbop, Then Open

Open a Piece Rle: EHE
Look in: | (= PEO-Lab 3 e &k E-

) Decay-Turtle 1x DLLs
=) Examples
i License

) Manual
=) Martyie 1x DLLs
) 0OModules

) PARMILA-? OModules

|5 PARMILA-Z Uers Copy Files Inside to OModules folder
C)PARMILA 2

53 Trace3D 1x DLLs

[ Transport 1x DLLs

[ Turtle 1x DLLs

) Tutorial

S0 000

File name: |Tr3-Din.|:uI:unp j Open
=

[_Open ]
|

Files of type: | Files (~pbop)

Open = A "Subline" Will Appear on the Model Space
= An "Executing Autocalcs" Progess Bar Will Appear (perhaps briefly)
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3. Modeling the DTL with TRACE 3-D from PARMILA Generated Model (con't)
PBO Lab PARMILA-T3D-file Module Import of PARMILA "Tr3din.t3d" (con't)

As the Import Pieces (.bpop) Edit Command Begins to Execute You Should See
a Subline Appear on the Work Space (Bottom Left of Work Space - Partly Under
the Global Parameter Pane) & Progress Bar that Will Look Something Like This:

B4 PBO-Lab - DTL_LIN Example - Design Only pbol *
File Edt Wiew Commands Tools Tutoral
i ] 1] D] e <l ledBl 58 &
Globals I Tracing/Tracking | Floor Coordinates
Particle Charge |_1_|:||:||:||:||:||:| lel 1.0000 93.0000 =
Particle Ma=z= |939.3|:|14[||] IMEU j 05110 232e+005 &
Beam Energy |2_5|;||;||;||;||;| IME'._.r j 0.0010  1.00e+010 &
Drift
S— Beam Current S5 000000 |mAmn j 0.0000 6096326 &
g
D& Frequency 402500000 | [MHz =l 3.0000 3.00e+004 @
Quad
P Maximum Step Size [0.010000 [ =] 00020 100000
Subline JML_ o
[ [ T | I Fzzn w=2.0 -z0 -z0
S e soMiD | | SRS el seMup | | cmMD
=Bstis ARAM | | FARAM | | comm | | PARAG | | FARAM ] | comm | | comm
tiece Fiece Fiece Fiece Fiece Piece Fiece
Progress 14 C16 DTLsfd C-14 C-16 LINOUT SCHEFF
Bar i
| |11 Pieces |
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3. Modeling the DTL with TRACE 3-D from PARMILA Generated Model (con't)
PBO Lab PARMILA-T3D-file Module Import of PARMILA "Tr3din.t3d" (con't)

Step 7: Move (Shift + Mouse Drag) the Subline from the Work Space to the
Model Space, Add a Beam Piece, Use Command to Compute All AutoCalcs:

B PBO-Lab - DTL.LIN Example - Design Only pbol *

File Edt View | Commands Tools Tutoral

TRANSPORT || <[ o B /5] %] =

DECAY-TURTLE > Tracing/Tracking l Floor Coordinates

?:Eg;i[} 4 |-1.uuunuu lel 10000 930000 @
[ ]

PARMILA-2 b [[920.301400 ey | 0st10 222005 &

PARMILA-Lingraf ’ |2_5|:||]|]|]|:| [mev =] 0.0010 1.00e+010 @

PARMILA-Plots b

PARMILATIDS  » |[ss000000  [mamp  »| 00000 6096326 &

Compute All AtoCalcs 402 500000 Ir.1Hz =l 3.0000 3.00e+004 @

Maximum Step Size Iu_ 000 im j 0.0020 10,0000

ACMHD

camm
Piece

2CMHD

Canmm
Piece

2CMHD

comm | -
Fiece

ACMHD
Comm

S-Bend

Exam

Piece

POWER DesignO Typg<s OTL via PARMILA DTL SWNS Tank1  C-14 C- DTL=fd C-14 C-18 LINOUT

RBendl _ I il I _FI

| | | 312 Pieces |

First Move Subline Then Compute AutoCalcs
These AutoCalcs May Take Longer and the Progress Bar May Move Slower

PARMILA DTL Modeling - 1 43 G. H. Gillespie Associates, Inc.



USPAS 2011

3.

Fundamentals of Proton Linear Acceleratorswith Simulation Lab

Modeling the DTL with TRACE 3-D from PARMILA Generated Model (con't)
PBO Lab PARMILA-T3D-file Module Import of PARMILA "Tr3din.t3d" (con't)

Step 8: Use TRACE 3-D Command to Graph Beam Line:

B Graph Hlipses & Profile [DTLLIN Example - Design Only pbol]

File Edit
BEAM AT NEL1= 1 I= 6.0 mB BEAM AT NELZ= 301
H A= Z_ 37 | B=0_966 | W= 2._5000 T_5230 MV H A= IT 7 | B= 7T_-59 |
W B=—1_02 B=0_2%0 FEE(= 402 50 MHz WL= 744_B3 mm v B=0_571 B=0_&642E-0
EMITI= 15.B20 14.%02 5R4_BA
EMITO= %._108 B_57% 5A4_RBA =
s\ Hi= 1 N2= 301 \
ol MATCHING TYPE = 0 v
v Q il
PBOLab TRACE \
DATE: 01-0B-2011
S _38lmm x 2Z5_005mrad TIME- 14-50-17 S _38lmm x 2Z5_005mrs
% A=0_2AZE-01B=0_766 % A=—_s1R ""g=n_2n1
¢ "
I
|. i’
r
E0_794 66 352EeV 50 7940&9; 66 352K¢V
A= 1 TE_76 mm|Horizontal) I0I_& Deg.(Longitudinal)
H THIAmIA H H H LR TARTOA 0 MA@
|I||||||||||||I I I|||||||’”|||||II it l|||||||||||||||l| |IIII||I
I ||||||||||||||||| ||||||||||||||| I|II|I|I|I|||| |i||||||i|||||i||i||i||||||||uiii : i l||l|||IIII|I ||
'uuuun'""muu|||||||ul"' "'Hu WH il H | H Il H H ‘ H Uil ‘ H
Length= 4151 .53 mm
Suggestion: Use Automatic Graph Scales in TRACE 3-D Options I+ UseAutomatic Graphic Scales
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3. Modeling the DTL with TRACE 3-D from PARMILA Generated Model (con't)

PBO Lab PARMILA-T3D-file Module Import of PARMILA "Tr3din.t3d" (con't)

®* Once "Tr3din.t3d" Has Been Imported Can Use Any PBO-Lab Modules

- Run TRACE 3-D, TRANSPORT or TURTLE
- Run PARMILA-2 (As a "Transfer Line" with RF Gaps & Acceleration)

— May Be Useful for Design Verification / Validation

®* Can Use Any PBO-Lab Tools/Features As Well

- Export a "Complete” Tr3din.t3d File Use with LANL TRACE 3-D
- Confirm Key Results (e.g. Beamline Length, Cumulative Energy)
— Example for Length Shown on Next Slide

= Useful for Verification / Validation of Imported Model

* PARMILA-T3D-file Module Import of PARMILA "Tr3din.t3d" Relatively Easy

= Can Do This on Simulation Lab Computers

PARMILA DTL Modeling - 1 45 G. H. Gillespie Associates, Inc.



USPAS 2011 Fundamentals of Proton Linear Acceleratorswith Simulation Lab Old Dominion University

3. Modeling the DTL with TRACE 3-D from PARMILA Generated Model (con't)
PBO Lab PARMILA-T3D-file Module Import of PARMILA "Tr3din.t3d" (con't)

Another Good Check on the Imported Model is to Open the Piece Following the
Imported Subline, and Then Use the Distance Button to Confirm Length

B DTL

]

EH PBO-Lab - DTL.LIN Example - Design Only pbol *

File Edt Wiew Commands Tools Tutoral Energy I Distance i
[parmaz 7] ﬂ] Qi m.:; _i_“i @ Ei @_;.i &l sy RF Field \ | Quads | Field Ramp | Geometry/Frequency |
e | Tracng/Trackid | “parameters \ Value Units Guidance Limits
Particle Charge I 1 000000 el / Tank Cutput Eneri&ual !CE" Number ;i
Particle Mass | 939301400 !mevl <, Nominal Final Ener [=rmnnnn liicar = | 0.0000 0.0000 @
PBO-Lab
Beam Energy l2_5.|:||]|]|]|:| imef 5;5 Final Cell Number 100
Beam Current £5.000000 |mfmp ! Initial Synchronous | i Cumulative Reference Trajectory ok F0.0000 &
\\') Length into this Piece: 4.1531833 m
Freguency I 207 SO0000 !r,l-|z 2! Initial Axial Electric F 50000 @
Maximum Step Size i 0.010000 l . Distance to next Tar j0.0000
=i Phase Change to ne L0.0000 &
| Maximum Poweer Lim 0000 &
: T Bt =l
T v Comments: \
$end e W W B u E E |B=| [ orishis Tank \
Camm camm
Picce Picca i STUBLIME LTL
POWER De=ign0 Type -8 DTL via PARKMILA DTL SMS Tank 1 C-14 C-16 DTL=fd C-14 C-16  LINOUT
F-Bend
_.;I _“.j | r

| |
Distance Button = Reference Trajectory Length

| 312 Pieces |

Note: Energy Button is Approximate and May Not Be Accurate for All Models
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3. Modeling the DTL with TRACE 3-D from PARMILA Generated Model (con't)
PBO Lab PARMILA-T3D-file Module Import of PARMILA "Tr3din.t3d" (con't)

How Good Is the "Tr3din.t3d" Imported Model of the Beamline?

Comparison of Beamline Length and Output Energy Suggests Pretty Good:

Source Reference Trajectory Length Reference Trajectory Enerqgy

PARMILA-2 415.1933 cm 7.5230 MeV
TRACE 3-D 4151.93 mm 7.5230 MeV
PBO Lab 4.151933 m 7.5222980 MeV
TRANSPORT 4.15194 m (0.119120 GeVi/c)

+PBO Lab 7.523132 MeV
TURTLE 4.152 m -

Most Differences are Just in the Accuracy of the Printed/Displayed Output

= Will Compare Other Design Details in Simulation Lab

Important Caveat: PBO Lab "Complex" Pieces Unigue to PARMILA-2
(DTL, CCL, BCDTL, SC1, SC2)
Do NOT Compute Their Own Length or Energy
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