Contents

1 Introduction to MaryLie
1.1 Brief Program Description . . . . . . .. .. ...
1.2 Program Performance and Accuracy . . . . . ... ... ... .. ... ...
1.3 Future Versions of MaryLie . . . .. .. .. ... ... ... ... ......
1.4 Auxiliary Programs . . . . . . . .. ...
1.4.1 Programs for Preparation of MaryLie Input . . . . .. .. ... ...
1.4.2  Programs for Processing of MaryLie Output . . . . .. ... ... ..
1.5 Program Availability . . . . .. .. ... oo
2 Simple Examples of Use of MaryLie
21 OVerview . . . . . . L
2.2 Simple Spot Forming System . . . . . .. .. ... o000
2.3 Simple Imaging System . . . . . . ..o
2.4 Simple Spectrometer . . . . ...
2.5 Small Static Storage Ring . . . . . . . ... o o
2.6 Small Storage Ring with Bunchers . . . . . . ... ... ... ...
2.7 Large Storage Ring . . . . . . . . . ...
3 Brief Summary of Theoretical Tools
3.1 Introduction . . . . . . . ...
3.2 Hamiltonian Dynamics . . . . . . . . .. . ...
3.3 Poisson Brackets . . . .. ... oo
3.4 Transfer Maps . . . . . . . . .
3.5 The Symplectic Condition . . . . .. ... ... .. oL
3.6 Taylor Expansions . . . . . . . . .. .. ...
3.7 Overview of the Lie Algebraic Approach . . . . .. ... ... ... ... ..
3.8 Lie Operators and Lie Transformations . . . . . .. .. ... .. ... ....
3.9 Factorization Theorem . . . . . . . . .. .. .. ...
3.10 Polynomial Labeling Scheme . . . . . .. . ... ... ..o 0000
3.11 Ingredients of a Lie Algebraic Code . . . . . . . ... ... ... .. .....
3.11.1 Element Library . . . . . .. ... ...
3.11.2 Concatenation Subroutines . . . . . . . . . . .. ... ... ... ...
3.11.3 Ray Trace Subroutines . . . . . . ... ... ... ...
3.11.4 Analysis Subroutines . . . . . . . ...
3.11.5 Bookkeeping Subroutines . . . . . ... ... oo
3.11.6 Procedures and Fitting and Optimization Subroutines . . . . . . . ..

iii

W W W N =

ot O

ot



iv CONTENTS
4 Input/Output Preparation and Formats 93
4.1 General Considerations . . . . . . . . . . .. ... 93
4.1.1 Units and Constants . . . . . . . . ... . ... ... ... ..., 93
4.1.2  Scaling and Dimensionless Variables for Phase Space . . . . . .. .. 93

4.2 TInput and Output Files . . . . . . . . .. . ... o 95
4.3 Preparation of Files . . . . . . . . . . .. 96
4.3.1 The Program PREP . . . . ... ... ... ... ... .. ...... 96
4.3.2 Free Format Input . . . .. .. ... 96

4.4 Input File Structures . . . . . . . .. .. 97
4.4.1 File 11 (Master Input File) . . . . . ... ... .. ... ... ... 97
4.4.2 Initial Conditions File for Ray Traces or Tracking . . . . . . . .. .. 99
4.4.3 Matrix and Polynomial Input File . . . . . . .. ... ... ... ... 100
4.4.4 Input Data for Random Elements . . . . . . .. ... .. ... .... 100
4.4.5 Input Data for Procedures and Fitting and Optimization Commands 101

4.5 Output File Structures . . . . . . . . .. .. 101
4.5.1 Filesb6and 12 . . . . . . .. 101
4.5.2  Final Conditions from a Ray Trace or Tracking . . ... ... .. .. 101
4.5.3 Matrix and Polynomial Output File . . . . . .. ... ... ... ... 101

5 Format of MaryLie Master Input File & Use of PREP 102
5.1 General Instructions . . . . . . . .. .. 102
511 PREPInput. . ... ... ... .. ... 102
5.1.2 PREP Output . . . . . ... . ... .. .. 102

5.2 Use of Help Feature . . . . . . . . .. .. .. .. .. .. ... 102
5.3 Input From External File . . . . . . . . . . ... ... ... .. ... ... 103
5.4 Modes, Editors, and Related Commands . . . . . ... ... ... ... ... 103
5.5 Comment (cmts) Mode . . . . . . ... o 105
5.5.1 Format of #comment Component . . . . . . . . ... ... ... ... 105
5.5.2  Sample Conversation in Comments Mode . . . . . . . . ... .. ... 105
5.5.3 Comment Editor . . . . ... ... ... 106
5.5.4 Interspersed Comments . . . . . . . . . . .. ... ... ... 106

5.6 Beam Mode . . . . . . . . ... 106
5.6.1 Beam Editor. . . . . . . .. .. .. 108
5.6.2 Sample Conversation in Beam Mode . . . . .. ... ... ...... 108
5.6.3 Format of #beam Component . . . . . . .. ... ... ... ... .. 109

5.7 Menu Mode . . . . . .. 110
5.7.1 Sample Conversation in Menu Mode . . . . . . .. .. ... .. ... 115
5.7.2  Format of #menu Component . . . . . . . . . . ... ... ... ... 117
573 Menu Editor . . . . . . ... 118

5.8 Line Mode . . . . . . . . e 119
5.8.1 Sample Conversation in Line Mode . . . . . . ... ... ... .... 119
5.8.2 Format of #lines Component . . . . . . .. ... ... ... ... .. 120
5.8.3 Multiplicative Notation . . . . . . . ... ... ... ... ... ..., 121

5.8.4 Line Editor . . . . . . . . . . 122



CONTENTS .

5.9 Lump Mode . . . . . . . . 122
5.9.1 Sample Conversation in Lump Mode . . . . . . ... ... ... ... 124
5.9.2  Format of the #lumps Component . . . . . . . . ... ... .. ... 124
5.9.3 Multiplicative Notation . . . . . . . . . ... ... ... ... ..., 126
594 Lump Editor . . . .. ... 126

510 Loop Mode . . . . . . . . . e 127
5.10.1 Sample Conversation in Loop Mode . . . . . . .. ... .. ... ... 127
5.10.2 Format of the #loops Component . . . . . . . . ... ... ... ... 128
5.10.3 Multiplicative Notation . . . . . . . . ... ... ... ... ... ... 129
5.10.4 Loop Editor . . . . . . . .. .. 130

5.11 Labor Mode . . . . . . . . . . 131
5.11.1 Sample Conversation in Labor Mode . . . . . . ... ... ... ... 132
5.11.2 Format of the #labor Component . . . . . . . . ... ... ... ... 133
5.11.3 Multiplicative Notation . . . . . . . . . ... .. ... ... ... ... 134
5.11.4 Labor Editor . . . . . . .. . .. ... 134

5.12 Use of the Summary Command in PREP . . . . . ... ... ... ... ... 134

5.13 Use of the File Command in PREP . . . .. ... ... ... .. ... .... 136

5.14 Terminating and Resuming a PREP Run . . . . . . . .. .. ... ... ... 136

6 Catalog of Beam-Line Elements 139

6.1 Drift . . . . . 142

6.2 Normal Entry and Exit (Sector) Bending Magnet . . . . .. ... ... ... 143

6.3 Parallel Faced (Rectangular) Bending Magnet (Symmetric) . . . . . . .. .. 159

6.4 General Bending Magnet . . . . . . . ... oo 163

6.5 Plane Rotation . . . . . .. . .. ... 169

6.6 Body of a General Bending Magnet . . . . . .. ... .. ... ... .. .. 171

6.7 Fringe Fields for Bending Magnets (Hard Edge) . . . . . .. ... ... ... 179

6.8 Combined Function Bending Magnet
(Normal Entry and Exit) . . . ... ... ... o 182

6.9 Magnetic Quadrupole . . . . . . ... 194

6.10 Magnetic Sextupole . . . . . . . .. Lo 200

6.11 Magnetic Octupole . . . . . . . . . . .. 208

6.12 Electrostatic Octupole . . . . . . . . .. ... 216

6.13 Short Radio Frequency Cavity . . . . . . . ... ... .. ... ... ... 217

6.14 Axial Rotation . . . . . . . .. ... 218

6.15 Twiss Matrix . . . . . . . . . 222

6.16 Thin Low Order Multipole . . . . . . . . . . .. .. ... ... .. ... ... 226

6.17 “Compressed” Low Order Multipole . . . . . . . .. ... ... ... .. ... 230

6.18 JMap . . . . . 234

6.19 Random Elements . . . . . . . . ... ... oo 235

6.20 User Specified Subroutine that acts on phase space data . . . . . .. . . .. 238

6.21 User Specified Subroutine that produces or acts onamap . . .. ... ... 239

6.22 Dispersion Matrix . . . . . . . . ... 240

6.23 Solenoid . . . . . .. L 241



vi

CONTENTS

6.24 Combined Function Magnetic Quadrupole . . . . . . .. ... ... ... .. 250
6.25 Marker . . . . . . .. 254
6.26 Data Point . . . . . . . . . . . 255
6.27 Rare Earth Cobalt (REC) Quadrupole Multiplet . . . . . ... ... ... .. 256
6.28 Space . . . . .. e 275
6.29 Change or Write Out Values of Parameters

for Combined Function Dipole . . . . . . . .. .. ... ... ... ... ... 276
6.30 Random Map . . . . . . . . . .. 277
6.31 Arc . . . . 280
Catalog of Simple Commands 282
7.1 Halt Execution . . . . . . . . . ... 285
7.2 Perform a Ray Trace . . . . . . . .. . ... .. 286
7.3 Circulate Around a Loop . . . . . . . . . .. ... 290
7.4 Print the Contents of the Master Input File . . . . .. .. ... ... .. .. 292
7.5 Input of a Transfer Map . . . . . . . . . . . .. .. ... 293
7.6 Output of a Transfer Map . . . . . . .. .. ... ... ... ... ..... 295
7.7 Print Transfer Map . . . . . . . . . . . 296
7.8 Replace with Identity Map . . . . . . . . . . ... ... ... 299
7.9 Invert aMap . . . . . . . 300
7.10 “Transpose” aMap . . . . . . . . ... 301
7.11 Reverse a Map . . . . . . . . . . e 302
7.12 Reverse Factorize a Map . . . . . . . .. . . .. . L 303
713 MaskaMap . . . . . . . . 304
7.14 Symplectify a Matrix . . . . . . . ... 305
715 Square a Map . . . . . . .. 306
7.16 Store Transfer Map . . . . . . . . . . ... 307
717 Get Transfer Map . . . . . . . . . .. L 308
7.18 Aperture Beam with Rectangular Aperture . . . . . . . . .. ... ... ... 309
7.19 Aperture Beam with Elliptic Aperture . . . . . . ... ... ... ... ... 310
7.20 Window a Beam . . . . . . . ... 311
7.21 Write History . . . . . . . . . . . e 312
7.22 Filter Transfer Map . . . . . . . . .. ... 313
723 Close Files . . . . . . . . . 315
7.24 Open Files . . . . . . . . . 316
7.25 Parameter Set Specification . . . . . .. ... oL 318
7.26 Random Parameter Set Specification . . . . . . . ... ... ... ... ... 319
7.27 Number Linesina File . . . . . . . . . ... . .. ... .. ... .. ..., 320
7.28 Write Out Parameter Values in a Parameter Set . . . . . .. ... ... ... 321
7.29 Write Out Execution Time . . . . . . . . . . .. .. ... ... ... ..... 322
7.30 Change Drop File . . . . . . . . . .. . . 323
7.31 Ring Bell at Terminal . . . . . . . .. .. .. . o 324
7.32 Write Out Value of Merit Function . . . .. .. .. ... ... ... ..... 325
7.33 Write Contents of a Loop . . . . . . . . . . ... ... 326



CONTENTS vii

7.34 Pause . . . ... 330
7.35 Change or Write Out Values of Infinities . . . . . . . . ... ... ... ... 331
7.36 Change or Write Out Values of Zeroes . . . . . .. ... ... ... ... .. 332
7.37 Twiss Polynomial . . . . . . .. . .. . 333
7.38 Dispersion Polynomial . . . . . .. ... ... 0 334
7.39 Change or Write Out Beam Parameters . . . . . . . .. ... .. ... .. .. 335
7.40 Dimensions . . . . . . . ... 339
7.41 Write Out Contents of the UCALC Array . . . ... ... ... ... .... 340
7.42 Window a Beam in All Planes . . . . . . .. . ... ... ... ........ 342
7.43 Path Length Information . . . . . . . . ... ... ... 0L 343
7.44 Show Contents of Arrays . . . . . . . .. ... 346
8 Catalog of Advanced Commands 348
8.1 Closed Orbit Data . . . . . . . . . . .. .. . 350
8.2 Twiss Analyze Static Map . . . . . . . ... .. ..o 362
8.3 Twiss Analyze Dynamic Map . . . . . . . ... ... ... ... ... . 380
8.4 Resonance Analyze Static Map . . . .. . ... ... ... ... 389
8.5 Resonance Analyze Dynamic Map . . . . . . .. ... ... ... ... .... 395
8.6 Translate Basis . . . . . . . . . . ... 402
8.7 Compute Exponential . . . . . . . .. ... 403
8.8 Static Normal Form Analysis . . . . .. . ... .. ... ... ... ..... 404
8.9 Dynamic Normal Form Analysis . . . . . . . .. .. ... ... ... ..... 412
8.10 Static Invariant Analysis . . . . . . . . . ... Lo 422
8.11 Dynamic Invariant Analysis . . . . . .. . ... ... ... L. 428
8.12 Compute Power of Static Normal Form . . . . . .. .. ... ... ... ... 442
8.13 Compute Power of Dynamic Normal Form . . . .. .. ... .. ... .. .. 444
8.14 Get Buffer Contents . . . . . . . . . ... 446
8.15 Fourier Analyze Static Map . . . . . .. . . ... 447
8.16 Fourier Analyze Dynamic Map . . . . . . . . . . .. ... ... ... ... .. 448
8.17 Apply Map to a Function or Moments . . . . . ... .. ... ... ..... 449
8.18 Multiply a Polynomial by a Scalar . . . . . . .. .. ... ... ... ..... 458
8.19 Add Two Polynomials . . . . . ... .. .. ... ... ... ... 459
8.20 Multiply Two Polynomials . . . . . . .. .. .. ... ... ... ... ..., 460
8.21 Poisson Bracket Two Polynomials . . . . . . .. .. .. ... ... ...... 461
8.22 Polar Decomposition of a Map . . . . . . . . .. ... 462
8.23 Evaluate a Polynomial . . . . ... ... ... ... ... ... 464
8.24 Compute Chromatic Expansion . . . . . .. .. .. ... ... ... ..... 466
8.25 Transfer Quadratic Moments . . . . . . . . . .. .. ... ... 474
8.26 Select Quantities . . . . . . . ... 475
8.27 Write Selected Quantities . . . . . . . . .. ... 477
8.28 Change Tune Range . . . . . . . . . .. .. .. .. .. 479
8.29 Apply Script N Inverse . . . . . . . . .. 480
8.30 Compute Power of Nonlinear Part . . . . . . .. .. ... ... .. ...... 482
8.31 Check Symplectic Condition . . . . . . . . ... .. ... L. 483



viii

8.32
8.33
8.34
8.35
8.36
8.37
8.38
8.39
8.40
8.41

Polynomial Scalar Product . . . . . . ... ... ... .. .....
Compute Matrix Norm . . . . .. .. ... ... ... ... ....
Generate Beam . . . . . ...
Translate Initial Conditions . . . . . . . .. . ... ... .. ...
Principal Planes Analysis . . . . . . . .. .. ... ... ... ...
Moment Analysis . . . . . . . ...
Compute Geometry of a Loop . . . . . . ... ... ... .. ...
Copy File to Working Array . . . . . ... ... ... ... ....
Merge Files . . . . . . . ..
Compute Logarithm of Normal Form . . . ... ... ... ... ..

9 Catalog of Procedures and Fitting and - - -

9.1
9.2
9.3
9.4
9.5
9.6
9.7
9.8
9.9
9.10
9.11
9.12
9.13
9.14
9.15
9.16
9.17
9.18
9.19

Begin Inner Procedure . . . . .. .. .. ...,
Begin Outer Procedure . . . . . . . ... ... ... .
Terminate Inner Procedure . . . . . . . . . . ... .. ... ....
Terminate Outer Procedure . . . . . .. . . .. ... ... ....

Specify Quantities to be Fit or Optimized and Set Target Values

Specify Quantities to be Varied . . . . . . ... ... ...
Carry Out Fitting Operation . . . . . . ... ... ... ... ...
Minimize Sum of Squares Optimization . . . . . . .. .. ... ..
General Optimization . . . . . . . .. .. .. ... ... ..
Merit Function (Sum of Squares) . .. ... ... ... ... ...
Merit Functions (User Written) . . . .. .. ... ... ... ...
Constraints (User Written) . . . . . .. ... ... ... ... ...
Compute Gradient Matrix . . . . . ... .. .. ... ... ....
Scan Parameter Space . . . . . . .. .. ...
Capture Parameter Set . . . . . . . . .. .. .. ... ... ...,
Free Parameter Set . . . . . . . . . ... ...
Change or Write Out Values of Flags and Defaults. . . . . . . ..
Reset Menu Entries . . . . . . .. .. ... oo

10 Additional Examples of Use of MaryLie

10.1
10.2

10.3

10.4

Overview . . . . . . . . e
Tunes, Chromaticities, and Tune Foot Prints . . . . . . . . .. ..
10.2.1 Fitting Tunes and Chromaticities for a Storage Ring . . .
10.2.2 Computation of Full Tunes . . . . . . . ... .. ... ...
10.2.3 Computation of Tune Foot Print . . . .. ... ... ...
Octupole Correction & Optimization of a Quadrupole --- . . . . .

10.3.1 Fitting Three Quadrupole and Three Octupole Strengths

10.3.2 Fitting and Optimizing Seven Octupole Strengths . . . . .
10.3.3 Optimizing Using the MSS Optimizer . . . . . . . ... ..
Sextupole Correction of a Solenoidal Spot Forming --- . . . . . .
10.4.1 Fitting Solenoid and Sextupole Strengths . . . . . . . . ..

CONTENTS



CONTENTS ix

10.4.2 Scanning the Sextupole Strength . . . . . ... ... ... ... ... 661
10.5 Fitting at Multiple Lattice Locations . . . . . . . . ... .. ... ... ... 666
10.6 Construction of Third-Order Achromats . . . . . . ... ... ... .. ... 677
10.6.1 Construction of Ordinary Third-Order Achromat . . . ... ... .. 677
10.6.2 Construction of Complete Third-Order Achromat . . . .. ... ... 687
10.7 Study of Final Focus Test Beam Facility . . . .. .. .. ... ... ... .. 703
10.8 Calculation of Dynamic Aperture for a Storage Ring . . . . . .. ... ... 727
10.8.1 Dynamic Aperture of Tevatron with Strong Distortion Sextupoles . . 728
10.8.2 History of Lost Particle . . . . . . ... . ... ... ... 760
10.9 Production of Lattice Function Plots . . . . . . . . ... ... ... ..... 772
10.10Production of Ray Plots . . . . . . . .. . ... .. oo 789
10.11Production of Beam Moment Plots . . . . . . ... ... ... ... ..... 799
10.12Production of Composite Plots with Geometry . . . . . . . . . ... ... .. 814
10.12.1 Lattice Function Plots with Geometry . . . . . . . .. ... ... .. 814
10.12.2Ray Plots with Geometry . . . . . . . . .. . ... ... ... ... 827
10.12.3 Beam Moment Plots with Geometry . . . . . . .. .. ... ... .. 837
10.13Production of Layout Drawings . . . . . . . . . . . .. ... ... ... ... 849
11 References 853
11.1 Fundamental Constants . . . . . . . . . . . . ... ... ... ... ... 853
11.2 Other Charged Particle Beam Transport Codes . . . . . ... ... ... .. 853
11.3 Accelerator Handbooks . . . . . . . . .. .. ... 853
11.4 Conventional Accelerator Theory . . . . . . . . .. ... ... ... ..... 853
11.5 General Lie Algebraic References . . . . .. . .. .. ... ... ... ..., 8H4
11.6 Lie Algebraic/Map Based Accelerator Theory . . . . . ... ... ... ... 854
11.7 Applications of Lie Algebraic/Map Based Methods to Specific Problems in
Accelerator Physics . . . . . . . . o 855
11.8 Rare Earth Cobalt Quadrupoles . . . . . . . . . ... ... ... ... .... 855
11.9 Combined Function Bend . . . . . . . . .. .. ... ... 855
11.10Solenoid . . . . . .. 855
11.11MaryLie (Giorgilli) Indexing Scheme . . . . . . .. . . ... ... ... ... 855
11.12Random Number Generation . . . . . . . . . . . . ... ... ... ... .. 855
12 Comments and Suggestion Form 856
13 Quick Reference Guide to Elements, Commands, - -- 857
13.1 Alphabetical Listing of All Type-Code Mnemonics . . . . . . . .. .. .. .. 857
13.2 Element Type-Code Mnemonics
(Alphabetical Order) . . . . . . .. .. ... . . 863
13.3 Element Type-Code Mnemonics
(Functional Order) . . . . . . . .. . . 865
13.4 Simple Command Type-Code - - - (Alphabetical Order) . . . ... ... ... 867
13.5 Simple Command Type-Code Mnemonics
(Functional Order) . . . . . . . ... 869

13.6 Advanced Command Type-Code - - - (Alphabetical Order) . . . . . ... ... 871



S CONTENTS

13.7 Advanced Command Type-Code - - - (Functional Order) . . . . . . . ... .. 873
13.8 Procedures and Fitting and Optimization - - - (Alphabetical Order) . . . . . . 875
13.9 Procedures and Fitting - - - (Functional Order) . . . . . ... ... ... ... 876
13.10Input File Functions and Formats . . . . . . . . .. ... .. ... ... ... 877
13.110utput File Functions and Formats . . . . . . ... .. ... .. ... .... 878
13.12Warning and Error Messages . . . . . . . . . . . ... 879
14 Tables of Indices, Exponents, and Basis Elements 880
14.1 MaryLie Indices for Monomials in Cartesian Basis . . . . . .. .. . ... .. 882
14.2 MaryLie Indices for Polynomials in Static Resonance Basis . . . . . . . . .. 885

14.3 MaryLie Indices for Polynomials in Dynamic Resonance Basis . . . . . . .. 891



Index

aberrations, 15, 249, 589, 641
achromat, 677, 687

add, 459

advanced commands, 348
aim, 478, 525

amplitude, 364, 381
analysis subroutines, 91
anharmonicity, 364, 381
aperture, 309-311, 342
apply map, 449

apply script N, 480

arc, 280

array, 346, 516, 526

axial rotation, 218

bases, 402

basis elements, 880

beam, 98, 108, 109, 487

beam betatron functions, 493

beam moment plots, 799

beam moment plots with geometry, 837
beam parameters, 335

beam-line elements, 139

bell, 324

bending magnet, 143, 159, 163, 171, 182
beta, 94, 109, 336, 352

betatron, 354

betatron amplitude, 364, 381

betatron factor, 367

betatron motion, 222

brho, 109, 336

buffers, 446

buncher, 49

canonical, 94

canonical transformation, 81
capture parameter set, 550
cartesian basis, 402, 830
catalog, 139, 282

897

cavity, 49

cell, 67

change tune range, 479

chaos, 760

charge, 109, 336

check symplectic condition, 483

chromatic expansion, 466

chromaticity, 364, 563

circulate, 290

circumference, 351

close files, 315

closed orbit, 350

closed-orbit transfer matrix, 353

combined function bend, 182

combined function quadrupole, 250

commands, 282, 348

comment, 98, 105

comment out, 106

complete achromat, 687

composite plots, 814

compressed multipole, 230

concatenation, 89, 131

constants, 93, 853

constraints, 543

contents of arrays, 346

copy file to working array, 516

corrector, 589, 641

COSY Infinity, 853

Courant-Snyder invariants, 364, 382, 423,
429

Darboux, 305

data point, 255, 507

defaults, 556

delta, 94

design energy, 94, 109, 336
design momentum, 94, 109, 336
design orbit, 77, 94



898

design velocity, 343
determinant, 332

deviation variables, 94
dimensionless variables, 94
dimensions, 339

dipole, 143, 159, 163, 171, 182
dispersion function, 351
dispersion matrix, 240
dispersion polynomial, 334
distortion, 15

distribution, 487

do loop, 521

doublet, 12, 262

drawings, 849

drift, 142

drop file, 323

dynamic aperture, 727
dynamic map, 380

dynamic resonance basis, 402, 881

eigen emittances, 495

eigen moments, 495
eigenvalues, 879

eigenvectors, 366, 382
electron microscope, 641
element by element, 291, 590, 603, 624
element library, 87, 139
emittance, 495

end, 285

energy deviation, 94

envelope coefficients, 366, 382
envelope matrix, 494
envelopes, 366, 382

error messages, 879

Euler angles, 507

evaluate a polynomial, 464
exponential, 403

exponents, 880

extended phase space, 80
extra array, 346, 526

factorization theorem, 84
field index, 187

field profile, 245, 259

file 11, 97

INDEX

files, 95, 315, 316, 516, 517, 877, 878
filter, 313

final conditions, 99, 101

final focus test beam facility, 703
fit, 92, 525, 531, 534, 563, 589, 604, 641
fitting at multiple locations, 666
fitting commands, 519

flags, 556

flat file, 326

floor plan, 849

foot print, 583

format, 96, 877, 878

Fourier analyze, 447, 448

fractional part of tune, 363, 381

free format, 96

free parameter set, 555

fringe field, 179, 249, 258

full tune, 573

function, 449

fundamental constants, 93, 853

gamma, 93, 109, 336, 352
general optimization, 539
generate beam, 487
generator, 82

GENMAP, 3, 242, 258
geometric coordinates, 354
geometry, 339, 814, 827, 837
geometry of a loop, 507
get buffer contents, 446
get transfer map, 308
gradient matrix, 545

Hamilton’s Equations, 76
Hamiltonian flow, 80
history, 312

history of lost particle, 760

identity map, 299

imaging system, 12, 245
index, 86, 100, 187, 880
infinities, 331

initial conditions, 99, 490
initial conditions buffer, 287
inner procedure, 521, 523



INDEX

input, 100, 877

input transfer map, 293
interspersed comments, 106
invariants, 422, 428, 495
invert, 300

isochronous, 687

J matrix, 81, 234

KAM tori, 58
kicks, 727

labor, 98, 131

lattice function plots, 772, 814
layout drawings, 849

length, 343

library, 87

Lie generator, 82

Lie operator, 82

Lie transformation, 83

linear part, 84

lines, 98, 119

logarithm of normal form, 518
logical do loop, 521

loops, 98, 127, 326, 507

lost particles, 312

lumps, 98, 122, 727

MAD, 3, 853

map input, 100
map output, 101
marker, 254
MaryLie index, 880
mask, 304

mass, 93, 109, 336

master input file, 7, 96, 97, 102, 292

matched beam, 704, 728
matrix, 296

matrix norm, 486

menu, 98, 110, 558

merge files, 517

merit function, 325, 541, 542
messages, 879

microprobe, 5, 589
microscope, 641

minimize, 537

899

mixed invariants, 422, 428
mnemonic, 110, 857
moment, 449, 474, 799, 837
moment analysis, 492
moment matrix, 493
momentum compaction, 353
momentum deviation, 94
monomial index, 86

MSS optimizer, 537, 624
multiple locations, 666
multiplet, 256

multiplicative notation, 121, 126, 129, 134
multiply, 460

multipole, 226, 230, 250, 256

name, 118

nested procedures, 522

Newton’s method, 289, 535

nonlinear instability, 42

nonlinear part, 84, 288, 482

norm, 486

normal form, 355, 367, 404, 412, 518
normal form factorization, 381
normalizing map, 355, 367, 383, 404, 412
number, 320

octupole, 208

octupole correction, 589, 604

open files, 316

operator, 82

optimization commands, 519
optimize, 92, 525, 531, 537, 539, 604, 624
optimizing at multiple locations, 666
orbit, 77, 350

outer procedure, 522, 524

output, 101, 878

output transfer map, 295

P, 94

parameter set, 318, 319, 321, 550, 555
particle loss, 760

path length, 343

pause, 330

phase slip, 351

phase space, 79
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phase trombone, 66

phase-space distribution, 487
phase-space variables, 94

plane rotation, 169

plots, 772, 789, 799, 814, 827, 837
Poincare surface, 351

Poisson bracket, 79, 461

Poisson matrix, 81, 234

polar decomposition, 462

pole face rotation, 169
polynomial, 458-461, 464
polynomial labeling, 85
polynomial scalar product, 484
POSTER, 3, 339, 814, 829, 839
power of dynamic normal form, 444
power of nonlinear part, 482
power of static normal form, 442
precision, 288

PREP, 3, 96, 102

principal planes, 491

print master input file, 292

print transfer map, 296
procedure, 519, 521-524

profile, 245, 259

pseudo hamiltonian, 404, 412

quadratic moments, 474
quadrupole, 194, 250, 256
quantities, 475, 477

quick reference guide, 857

R matrix, 82, 84, 296
random elements, 235
random map, 277

random number, 277, 489
random parameter set, 319
ray plots, 789

ray plots with geometry, 827
ray trace, 90, 99, 286

REC quadrupole, 256
references, 853

reset menu entries, 558, 642
resonance analysis, 389, 395
resonance bases, 402, 880
reverse, 302

INDEX

reverse factorize, 303
rewind, 294

RF cavity, 49, 217
rigidity, 109

ring, 563

rms merit function, 541
rotation, 169, 218

scalar multiplication, 458

scalar product, 484

scale length, 94, 109, 336

scan, H31, 661

scan parameter space, 549

select quantities, 475, 477

septum, 309

sextupole, 200

sextupole correction, 641

simple commands, 282

singlet, 259

skew, 218

slicing a lattice or ring, 573

slicing elements, 772

solenoid, 241, 641

space, 275

spectrometer, 19

spherical aberration, 15, 589, 641

splitting elements, 772

spot forming system, 5, 589, 604, 641, 703,
789, 799, 827

square, 306

Stanford Linear Accelerator Center, 703

static, 351

static map, 362

static resonance basis, 402, 880

storage ring, 29, 49, 66, 563, 727

store transfer map, 307

suggestion form, 856

sum of squares merit function, 541

sum of squares optimization, 537

Superconducting Super Collider, 66

symplectic condition, 483

symplectic map, 81

symplectic matrix, 81

symplectic ray trace, 90, 288
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symplectically congruent, 495
symplectify a matrix, 305
synchrotron tune, 381

T matrix, 82, 84, 296
target values, 525

tau, 94

Taylor expansion, 82
temporal dispersion, 351
temporal tune, 381, 479
Tevatron, 728

thin multipole, 226
time, 322

time of flight, 94, 343, 351
torus, 58

total transfer map, 131
tracking, 99

transfer map, 81, 131, 293, 295, 296

transfer matrix, 82

transfer quadratic moments, 474

transformation function, 288
transition energy, 217
transition gamma, 353

translate initial conditions, 490

TRANSPORT, 95, 853
transpose, 301

triplet, 5, 262

tune, 363, 381, 479, 563, 573
tune expansions, 363

tune foot print, 583

tune range, 479

Twiss analyze, 362, 380
Twiss invariants, 364, 382
Twiss matrix, 222

Twiss parameter expansions, 365

Twiss parameters, 364, 381
Twiss polynomial, 333
type code, 110, 857

U matrix, 82, 84, 296
ucalc, 340, 478

units, 93

user calculated array, 340

user specified subroutine, 238, 239

user written constraints, 543

user written merit function, 542

variables, 93
vary, 478, 531
velocity, 343, 352

warning messages, 879

wiggler, 163

window, 311, 342

working array, 516

write contents of loop, 326
write out parameter values, 321
write selected quantities, 477

zblock z(i,j), 287, 526, 704
zeroes, 332
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