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Presentation Outline

Particle & Ray Tracing Codes

1. Beam Dynamics Codes Used in LINAC Design
2. Introduction to TURTLE

3. Introduction to PARMILA - For Simulation of Tran sfer Lines
= Other Applications of PARMILA Later in Course

4. Space Charge Modeling in PARMILA

5. Using PARMILA & TURTLE to Study Some Beamlines []
= You will use the Simulation Lab computers in the cl assroom
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5. Using PARMILA & TURTLE to Study Some Beamlines
= Use the Simulation Lab computers in the classroom

e« Compare PARMILA & TRACE 3-D at Low (~0) Current

» Explore the use of Lingraf to display data

« Compare PARMILA & TURTLE at Low (~0) Current

» Use PARMILA to Study High Current Transport

« Compare SCHEFF & PICNIC Space Charge Calculations

« Compare PARMILA & TRACE 3-D at High Current
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5. Using PARMILA & TURTLE to Study Some Beamlines

1. Open the Model "Setup 1 FODO_2 Matched"
(or the Model "Setup 2 FODO_ 2 Fitted" )

Use TRACE 3-D Command " Graph Beam Line "

BH Graph Hlipses & Profile [Setup_1_FODO_2_matched pbol]

File Edi
BEAM AT NEL1= 1
H E=T1_2§ B= I_00

W A= 1_3E. 1_00
;
1
. b
\ £

T5_547 1653-34&&1}?

I= 0.0 mA
H= 2_5000 2_5000 MeV
FRE{}= 40Z_50 MH= HWL—= 744 _B3 mm
EMITI= 0.o07s 0.075 4pi10_oo0
EMITO= 0o.o07s 0.075 4BA10_ 00
Hl= 1 Ni= 5
MATCHING TYPE = 1

MATCHED BEAMM DESTRED
(MATCH TO BERMI)

Alpha Beta
H —1_2464 1_0028
¥ 1_2464 1_0028

PBEOLab TRACE
DATE: 01-1%-Z011
TIME: O7:-5%:-01

B T.62 mniHorizontal)

151" T Teg (Longitudinel]

_E-ILTDH?:EES_B-E 5
= %

. =3 s i s i« R

1_6Z2 mm(Vertical)
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1000.00 mm

PARMILA & TURTLE Examples

G. H. Gillespie Associates, Inc.



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

5. Using PARMILA & TURTLE to Study Some Beamlines ( con't)
2. Create a Cell Subline

Select (Highlight) Pieces D1 through D3: [£][=] [+« e
i ift i %ﬁ i Orift i %Iﬁ i Drift
Use View Menu to "Make Subline" ot ot o2 02 03| Fma
Cut Cirl -+
- il
=it

Eelechbl Peces

Aias Blemort ) / Use View Menu to "Make Subline":

Alias to Original
atten Subline Fol i . .
S | | Open (Double Click) Subline
r e emmeste BEAM 1 FINAL
BExport Selection g Subline Window =]
Import Pieces {pbop) File Edi |
|
— | | #e T
-| B Y
Drift Quad Drift Quad Drift
D1 at D2 a2 D2
Jl | i
Type " Cell" into the Comment ——==|ce
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5. Using PARMILA & TURTLE to Study Some Beamlines ( con't)
Save the Model as "Setup 1 FODO 2 Matched Cell"
3. Build a5 Cell Lattice - Add 4 Copies of "Cell" to the Beamline

Cell Cell Cell Cell Cell

Save the Model as "Setup 1 FODO 2 Matched Five Cell"

4. Build a 25 Cell Lattice
- Create a "Five Cell" Subline

. __ __ > |_SUBLINE_|

Cell Cell Cell Cell Cell Five Cellz

Your 25 Cell Model Should Look Something Like This:

BEAM_1 Five Cellz Five Cells Five Cellz Five Cellz Five Cellz FINAL

Save the Model as "Setup 1 FODO 2 Matched 25 Cell"
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5. Using PARMILA & TURTLE to Study Some Beamlines ( con't)
Use TRACE 3-D Command " Graph Beam Line "

Is the Beam Still Well-Matched Through 25 Cells?

5. Add 2 PARMILA Commands

B PARMILA-2 Command Pieces =]

— Select PARMILA-Z Piece to Create on the WorkSpace

SCH EFF P SCHEFF - Set up space charge calculation &

LINOUT - To output linac dezign data

POWER - Qutput Wall Power File (WallPwr.out)
P rtBeam P FriBeam - VWrite Beam Properties Files Beam.out & Parmila.pht
SFDATA Inzertion
SFDATA Insertion for OTL
NoSFTableQut - =kip printing of SuperFish data
SFDATA Inzertion for CCL
Start a TRANSPORT STRUCTURE
QUAD OPTIONS
MPOLES - Az=ign Multipole Field Components to Quads
Phazelaw - =ynchronous phaze options
Phazelaw Type 4 - digcontinuous phage change
CCOTL CCL SC1 SC2 External Quad Location Commands
SetSuperCav - SC1 & SC2 Individual Phases & Amplitudes
De=ignOnly - do not include particle =imulation
PrintDezignLong - print all detailz of de=ign _ﬂ

Place the PriBeam and SCHEFF elements at end of bea mline
- PrtBeam First, SCHEFF Following - (default parameters)
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5. Using PARMILA & TURTLE to Study Some Beamlines ( con't)

Model Should Look Something Like This:

BEAN_1 Five Cellz Five Cells

Set the PARMILA-2
Option "OutputFlag " 4
to" 1"

Set Accept —

Five Cellz Five Cells

EH PARMILA-2 Options

| (][22 (e (2] (222

Five Cellz

2CHMHD

camm
Fiece

2CHMHD

Fiece

| comm ||

Final

PrtBeam SCHEFF FINAL

Numeric Conztantz

— Mumeric Conzstantz for PARMILA-Z

String Constants

| Comment Delimiter

Select from the lizt below to change a Numeric Constant

Phyzical Conzstants |

Marme Type| Defaul Value Default Unitz Loweer Limit Upper Limt |
“Gutp ot "0 ~none 0 s
i
Add_Phaze to_Dist Real 0.000000 Degrees -180.00000 0.0000:00
= FicTT Everywherd Int 0 none ] 1
Fit_Input Beam Tyvpe Int 0 none 0 1 -
Description Value Unit=

Save the Model as:

Mm

Accept

"Setup_1 FODO_2 Matched 25 Cell

PARMILA & TURTLE Examples
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5. Using PARMILA & TURTLE to Study Some Beamlines ( con't)

6. Use PARMILA-2 Command " Write and Run input.LIN "

The Main PARMILA-2 Output File Parmila.out Should Appear

Scroll Down & Browse Through the  Parmila.out File

Eventually Stop When You Can See PARMILA's "element" No 1

B Parmila_out Hi=E
File Edit Font
Weyno = 2.5000 MeV, 1000 good particles
Beam centroid: = (cm) =p (mr) v (cm) wp (mr) phi (deg) W (M=V)
o.ooooo 0.0o0oo00 o.ooooo o0.0o0oo00 0.oon 2.500
FPhi= = 0.0000 deg
Transport finished slement 1: 1. Drift
Longitudinal normalized emittance iz in deg MeV. betaln) i= in deg-MeV. =
Emittance. Twiss parameters. beam s=izes. energy and phases are at the end of the slement.
element ngood plane emittance {cm-—mrad). ({deg-HM=V) alpha betaiu) rm=fu) max D
100% 0% rm=(n) (cmemrad), =X or v X or v F
(deg-HeWV) fom) fom) ]

1000

W 5.
Transport finished slement 2:

; Dri

2 1000 HE—XD 0.o0o0sse 0.00045 0.00011 -1.73766 0.157a82 0.0154 0.0353
v—yD 0.000589 0.00044 n.oo0011 0.77195 0.06264 n.oo09? 0.0211
phi-w 5.18629 3.93418 0.96319 30.54271 9445 833 95,3841 0.0000
Transport finished slement 3: 3. Dnadrupole magnet
3 1000 H—HD 0.oo0as 0.00044 0.oo011 1.70372 0.15592 0.0154 0.0351
v—yD 0.000e1 0.00045 0.00011 —0.73452 0.06193 0.oo097? 0.0208
phi-—w £.18629 3.93418 0.96319 43 60834 19245 405 136.1508 0.0000
Transport finished slement 4: 1. Drift
4 1000 HE—H[ 0.oooas 0.00044 0.00011 0.70254 0.05967 0.0095 0.0216
v—yD 0.000el 0.00045 0.oo011 —-1.72892 0.16046 0.0156 0.0343
phi-—w £.18629 3.93418 0.96319 95 87083 92977.940 299 2581 0.0000

s e et st o i ¥ = - R ARy SRl - g I s g e ! S F s i LS ey LS P e o o -
1| | b
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5. Using PARMILA & TURTLE to Study Some Beamlines ( con't)
Copy the 3 Data Lines for element 1
Scroll Down to See PARMILA's element 121
Paste the 3 Data Lines for element 1 just below element 121

EﬁPﬂmﬂaJnl‘ =] B3
File Edit Font
v—yD 0.000eR9 0.00045 0.00011 -0.81901 0.06257 0.0097 0.0223 :J
phi-w 5.18629 3.93418 0. 9631 Fkmwswsnennsesnrnsnnnnsnrsnxnx 9515 9205 0.0000
Transport finished element 119: 1. Draift
119 1000 E—ED 0.000e6 0.00044 0.00011 0.70477 0.05764 n.0093 0.0222
v—vD 0.000e9 0.00045 0.0o011 -1.88714 n.17081 0.0161 0.0353
phi-—w 5.18629 3.93418 0. 9631 9wk nnnnrxxx 96579 0475 0.0000
Transport finished element 120: 3. Quadrupole magnet
120 1000 HE—HD 0.o0o07s9 0.oon4a 0.00011 -0.71646 0.05771 0.0093 0.0218
v—vD 0.000e9 0.00045 0.oo011  1.87492 n.17108 0.01el1 0.0351
phi-w 5.18629 3.93418 0.96319skkswsekeeenxkwk%xxx 9719 3293 0.0000
Transport finished element 121: 1. Drift
—— 121 1000 E—HD 0.o0o07s9 0.oo043 0.o0o011 —-1.24091 0.09:86 0.0121 0.0284
v—vD 0.00069 0.00045 0.oo011  1.34707 0.1066R4 0.0127 0.0283
phi-w 5.18r29 3.93418 0. 9631 9%eksesekeexewknnnnrkxxx 9001 3928 0.0000
— ] 1000 E—XEp 0.ooosa 0.00045 0.00011 —-1.22830 0.09850 0.0l1z2z 0.0278
v—vD 0.o0o0ss 0.00044 0.oo011 1.28154 0.10371 0.0125 0.0283
phi-w 5.18629 3.93418 0.96319 4.41147 206 .961 14 1189 0.0000
Transport finished element 122: 1. Drift
122 1000 E—HD 0.o0o07s9 0.oo043 0.00011 -1.76536 0.15698 0.0154 0.0366
v—vD 0.00069 0.00045 0.0o011 0.81922 0.06332 0.oo9s 0.0232
phi-w 5.18r29 3.93418 0. 9631 9%ekswsekeexennknwnnrxxx 9952 9563 0.0000
Transport finished slement 123: 3. Ounadrupole magnet
123 1000 HE—X[D 0.00070 0.00045 0.00011 1.689754 0.15754 0.0154 0.0371 =
v—yD 0.000e6 0.00044 0.00011 —-0.e9245 0.06214 0.0097 0.0236
phi-w £.18629 3.93418 0.9631 9%xxxxxxxnnxrxxnrnnrxxx 9923 7381 0.0000
Transport finished element 124: 1. Drift =
4| | Ll_l
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