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Electromagnetic field simulation code

> POISSON/SUPERFISH
> MAGIC

> MAFIA

>CcomMSOoL

>CST

> HFSS

> FEMLAB, ect.

. == |
Beam Dynamic code

> ASTRA
>PARMILA
> PARMELA
> TRACK
> MAGIC
>CcoMSOL
> CST, ect.




Poisson Superfish

LLos Alamos National Laboratory

1976



Introduction |

>a collection of programs for
calculating static magnetic and
electric fields and radio-frequency
electromagnetic fields in either 2-D
Cartesian coordinates or axially
symmetric cylindrical coordinates.

Getting Started with Poisson
Superfish: The best way to learn
about Poisson Superfish is to run the
sample problems described in the
documentation.

,_f‘_"_) LANL Home - LANL Directory - Search LANL Web
- Los Alamos

|AACG| LANL | LANSCE | LANL Accelerators |  Home
- I

I
About Us | LAACG Codes |  Accelerator Physics | MNews |
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Los Alamos | Beam Physics | General Resources | Software/Methods | Site Index
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Registration for . ]
the Free LAACG Registration for the Free LAACG Code Downloads
Code Downloads (Poisson Superfish, Trace and/or Parmila)

To download Poisson Superfish, Trace or Parmila we ask you to register as a user
Registered users receive notification by email of new features and bug fixes. If you are here
to download updates or additional copies, mark already registered on the next page.
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Los Alamos Mational of the US Department of Energy
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SFTOC.DOC
SFINTRO.DOC

~— SFFILES.DOC
SFCODES.DOC

Codes —  SFPOSTP.DOC

description SFCODES2.DOC

- SFCODES3.DOC

J—

SFEXMPL1.DOC

Example —/ SFEXMPL2.DOC

| SFEXMPL3.DOC

[ SFPHYS1.DOC
SFPHYS2.DOC

Theory —  SFPHYS3.DOC

SFPHYS4.DOC

| SFPHYS5.D0OC

This file, containing the table of contents and suggestions for viewing and
printing.

General information about the software installation, features in the codes,
references, history, SF.INI configuration, and technical support.

Brief descriptions of all the input and output files used in the Poisson
Superfish codes.

Information about the main programs Autofish, Automesh, Fish, CFish,
Poisson, and Pandira.

Information about the postprocessor programs WSFplot, SFO, SF7, and
Force.

The automated tuning programs CCLfish, CDTfish, DTLfish, MDTfish,
ELLfish, and RFQfish.

General purpose plotting programs Quikplot and Tablplot, and utility
programs Beta, Kilpat, List35, ConvertF, SF8, FScale, SegField, and
SFOtable.

Discussion of rf-field example files for Fish, CFish, and Autofish contained
in the Examples\RadioFrequency subdirectories.

Discussion of the static-field example files for Poisson and Pandira
contained in the Examples\Magnetostatic and Examples\Electrostatic
subdirectories.

Discussion of the tuning-program example files contained in the
Examples\CavityTuning subdirectories.

Theory of electrostatics and magnetostatics from John Warren’s treatment in
the 1987 Reference Manual

Properties of static magnetic and electric fields from John Warren’s
treatment in the 1987 Reference Manual

Boundary conditions and symmetries from John Warren’s treatment in the
1987 Reference Manual

Numerical methods in Poisson and Pandira from John Warren’s treatment in
the 1987 Reference Manual

RF cavity theory from John Warren’s treatment in the 1987 Reference
Manual



Summary of the Poisson Superfish codes

Autofish

—  WSFplot

Automesh

CCLfish

SFO

List35

Fish

CDTfish

Quikplot

SF7

Beta

CFish

DTLfish

Tablplot }

Force

Kilpat

Poisson

Pandira

ELLfish

ConvertF

MDTfish

FScale

RFQfish

SF8

SCCfish

SegField

SFOtable




Input File

> Problem descriptions of up to ten 80-character title lines are supported in all the
codes.

> has extension: AF, AV

> contains: REG, PO, and MT namelist variables that define the problem
parameters and the geometry:.

> can use either a dollar sign ($) or an ampersand (&) as the namelist delimiter.

> Comments can appear on any line in the input file after a semicolon (;) or
exclamation mark (!).

> Variable KPROB must appear in the first REG namelist.

Variable | Superfish Poisson boundary eular to boundary.
NBSUP 1 0 perpendicular to boundary.  parallel to boundary.
NBSLO

0 1
NBSRT 1 0 0 indicates a Dirichlet boundary and 1 indicates a Neumann boundary
1 0




Poisson Superfish Example 1
A Pillbox cavity

For the accelerating mode (TMy,,), the
resonant wavelength is:

i="0
X

X, = 2.40483

I 4.7 cm

X, - first root of the zero-th order Bessel
function J, (x)



-

| PILL1 - Notepad

File Edit Format View Help

2.4-GHZ TMO010 short Pillbox Cavity

; example 1

$reg kprob=1,
dx=.2,

freq=2400. ,
xdri=l. ,ydri=4.7 %

$po x=0.0,y=0.0 §
$po %x=0.0,y=4.7 §
$po %x=3.0,y=4.7 §
$po %=3.0,y=0.0 §
$po x=0.0,y=0.0 §
4

superfish problem

¥ mesh spacing

starting freguency in MHz
Drive point location

start of the boundary points

m

( @ W5FPplot 7.17 --- Poisson Superfish Plotting Program  File PILLLT35 | = = 23
File HardCopy Display View Zoom Help
2.4-GEx THI10 Shast PLllbox Covity . . . . . . . . .
a5
a | -
3.5 | |-3.5
ER -3
2.5 | 2.5
1 -2
1.5 | 1.5
1 1
.5 — .5
T §F T % I & 1 % T &% 1 % -

O+, LaAGL Y FYAHFLE RACTOFREQOFRCYY FTLLAMT RVITTES\FILLL AY 2-13-200€ 11:53:48

|Zoorr| level1 of 1 | y

@ WS5FPplat 7.17 --- Poisson Superfish Plotting Program  File PILL1.T35

File HardCopy Display View Zoom Help

Z.4-GHz TMOL0 Short Pillbox Cavity F = 2441 2666 MHEs
1 1 | 1 1 1 1 1

8.5 —

I8 —

.5

15—

f— 2.2

] R 1 1ls 1 Fi0) 3 3ls

T
- - 55
22\ LANL\EOMPLES \FRLIOFRETENCY  FILLBIONCRVITIES \FILLL.AE  2-13-2006 11:53:48

Zoom level1 of 1
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411 calculated values below refer to the mesh geometry only.

~ield normalization (NORM = 0): EZEROD

“requency

Particle rest mass energy

feta = 0.4885913 Kinetic Ener?y
m

Normalization factor for EO = 1.000 MV
Transit-time factor

stored energy

Jsing standard room-temperature copper.
surface resistance

Normal-conductor resistivity

perating temperature

cower dissipation

] = 35111.9 shunt impedance
Rs¥*Q) = 452,608 ohm Z¥T*T
r/a = 0.000 ohm wake loss parameter

wwerage magnetic field on the outer wall
Jaximum H {at Z,R = 0.8,4.7)

daximum E (at Z,R = 0.4,4.7)

tatio of peak fields Bmax/Emax
Peak-to-average ratio Emax/EOQ

4all segments:

segment Zend Rend Emax
(cm) (cm) (Mv/m)
0. 0000 4,7000
2 3. 0000 4,7000 4,3707e-04

1.00000
2441, 26656
938. 272029

137.096

5165.416

0.0001896
2.45655E-04

12.89047
1.72410
20.0000

107. 3166
279,547

0.000

0. 00000
1371.08
1370.97
4,3707E-04
3941.7412
0. 0004

PoOwer

(w)

MWV /m
MHZ
Mev
Mey

Joules

mi11iohm
microohm-cm

C

W

Mobhm,/m

Mohm,/m

v,/ pC

ASm, 1.21161 w/cmA2
Afm, 1.21143 wW/cmA2
Mv,/m, 1.02619E-053 Kilp.
mT/{MV,/m)

P/A dF/dz
W/ cmA2) {MHzZ /mm)
1.211 0. 000

dF/dr
{MHzZ /mm)

.90

.80

.70

.60

.50

.40

.30

.20

.10

SF 7

Electromagnetic field data from file PILLI1.AF
Problem title line 1: 2.4-GHz TMO10 Short Pillbox Cavity

, , , , , , PIIILIZ.TBL %—17—2018 1a:|1a:26
I R RO N PSSR SR ST W S B
], 1 L 1 1 i. 1 4 L
0 5 1 1.5 2 = 2.5 3 3.5 4 4.5




Poisson Supertfish Example 2
Accelerating Cavity




accavity

$reg freg=2998.5,KPROB=1,kmethod=1,norm=L,icylin=1,CONV=.1,rmass=-1,
xdri=0.000000,ydri=38. 460000, dx=.1,NBSUP=1 ,NBSRT=1,NB5L0O=0,NBSLF=1,beta=1,TEMPC=20%
$po,x=0.0000,y=0.0000%

$po,x=0.0000,y=38.4600%

$po,x=2.0000,y=38.4600%

$po,nt=2,x0=3. 0000,y0=18. B600,x=19. 6000,y=0.0000%
$po,x=22.6000,y=11.3000%

fpo,nt=2,r=5.3000,x0=17. 3000,y0=11. 5000, theta=-90. 0000%
$po,x=16. 8000, y=6.2000%

$po,nt=2,r=2.7000,x0=16. 8000,y0=3. 5000,theta=180. 0000%
$po,nt=2,x0=15.1000,y0=3. 5000,x=0. 0000,y=-1.0000%

$po,x=25.0000,y=2. 5000%%po,x=25. 0000, y=0. 0000%
$po,x=0.0000,y=0.0000%

accavity F = 20899.9787 MH=z
| | | |
Electromagnetic field data from file ACCAVITY.AF
Problem title line 1: accavity
| BCCAVIL.TBL  4-23-0017 §:23:38 35—
30 —
25 —
20 —
15 —
10 —
5 —
0
0 2 4 0 8 10 17 14 1¢ 18 20 22 24 _/_/
0 —
Z (mm) ; ! & 5 b




Astra
A Space Charge Tracking Algorithm

DESY
1997



The ASTRA program package can be downloaded free of charge for
non-commercial and non-military use.

A collection of examples input decks for ASTRA:

Ta gat started: Input dacks from the Astra Manual
Example

Manual

aSios Astra documentation March 2017 —

Aperture Using the namelist *Aperture’ ‘

A collection of utility programs provided by various users:

Examnles i — #= Aokma antnnt naviinla distmhatian s Flasand STINE camanbant snmnd

Index of /~mpytlo/Astra_for WindowsPC

Utility programs

Name Last modified Size Description

. a Parent Director 2B-Aug-2017 11:26 -

5 Astra for 64 Bit LINUX i - I
] Lstra.exe 12-0ct-2017 16:56 2.2M
fieldplot.exe 02-Jun-2017 09:46 2.T™
e Astra for Windows generator.exe 23-Mar-2017 15:34 SElk
g lineplot.exe 15-Apr-2016 14:36 1.6M
o postpro.exe 04-Zng-2017 15:25 2.3

‘ Astra for Macintosh 05X

Apache/1.3.41 Server at www.desy.de Port 80




Introduction |

> The Astra (A Space Charge Tracking Algorithm) program package consists of the five
parts:

> 1. The program generator which may be used to generate an initial particle distribution.

> 2. The program Astra which tracks the particles under the influence of external and
Internal fields.

> 3. The graphic program fieldplot which is used to display electromagnetic fields of
beam line elements and space charge fields of particle distributions.

> 4. The graphic program postpro which is used to display phase space plots of particle
distributions and allows a detailed analysis of the phase space distribution.

> 5. The graphic program lineplot, which is used to display the beam size, emittance,
bunch length etc. versus the longitudinal beam line position or versus a scanned
parameter, respectively.



> Astra 1s written in Fortran 90 and runs on different platforms.
>The minimal form of a namelist Is:

& Name
/

>only those namelist which are required need to be specified and they can
appear Iin arbitrary order.

>a

namelist parameters are specified in the form: ‘name = Value

>Specifications are separated by a comma or a line feed.

>C
>T

naracter input (keywords and file names) has in general to be enclosed by

quotation marks (¢ ).

ne Input of keywords Is not case sensitive. general only the first

character(s) are significant (bold letters in this manual)




Definition of the initial particle distribution

>distribution file name should end with the extension ‘.ini’ or with “.zpos.run’. zpos =
four digit number & run = three digit number specifying the run number
>Mix different kinds of particles as an initial particle distribution

Input particle distribution

program generator

user written program

output distribution of Astra
(except Local emit =T)




L2 (3 456 7 § 9 10
Parameter X | v | z |px|py|pz| clock | macro |particle| status
charge | mdex | flag

Unit m | m | m[eVieVie|eVie| ns n(

>The first line = the reference particle
>Longitudinal particle coordinates, i.e. z, pz and t are given relative
to the reference particle.

—  1=-electron

— 2 = positrons

Index —— 3 =protons and

—4 = hydrogen ions

— 5 — 14 =user defined ratio of mass to charge state




status flags

Statms Comoment Stafos

fag

00! Fverage position of dstibution will mot be tracked

05 ref particle only; £ = £5top lost

-5 ref particle only; more than Max Step steps | lost

o probe rejected by space charge at the cathode | lost

-0l rejected by space charge at the cathode lost

-2 probe particle before 2., lost

-9 particle bafore 7, lost

86 probe particle maveline backwards lost

B3 particle raveling backwards lost

-31 partcle discarded by user lost

-3 particle preliminary discardad by user lost

-22 probe secondary eleciron, lost on aperiore lost

-21 secondary elecron, lost on apermire lost

=20 passive probe particle, bost on apertume lost

-19 passive particle. lost on apertare lost

-17 majeciory probe parache, lost on aperare lost

-15 standard particle, lost on apertuze lost
& passive probe particle, at the cathode not yet started
-5 pazzrve partacle. at the cathode i yet started
—4 secondary particle ot yet started
-3 trajectory probe particle at the cathode not vet started
-1 | stamdard particle at the cathode ot yet started
[ passive probe particle trackinz"
1 passive particle tracking’
3 rajectory probe parmcls tracking
4 Toss onver particle” tracking
5 standard particle tracking

G 9..33 | probe secomdary electrons of pememition 1, | racking
2...10 or higher
g 11..35 | secondsry elecmons of peneration 1, 2...10 | racking

or higher




Passive particles

> Particles with a negative status flag are either lost by some mechanism
or not yet started.

>Passive particles are tracked as normal particles;

>But not taken into account for
» The calculation of internal beam parameters; emittance, size, etc.
» The set-up of the space charge grid
» The calculation of space charge fields



generator

>generator generates an initial particle distribution file.
>The input file for generator has to have the extension ‘.in’.
>The default file name is ‘generator.in’.

>The input file consists of a single namelist named INPUT.

&INPUT
FNAME = "Example_ini'
Add=FALSE., N _add=0,
[Part=10200, Species='electrons’
Probe=True, Noise reduc=f, Cathode=F
Q total=1.0ED

Ref zpos=0.0E0. Ref Ekin=2 0EQ

Dist z="a', sig_z=1 0E0D,
Dist pz="u', sig Ekin=1.5,

st x="g'.  sig x=0.73E0,

Dist px='g'. Nemit x=1_0EQ,
Dist v="g'_ sig_v=0_75E0,
Dist pv="g'. Nemit v=1.0E0D,



1D distribution: uniform distribution

FWHM

1
f(x)=
0
>
rms value
Dimension Key word Parameter unit
FWHM or o
temporal’ Dist z ="uniform' | Lt or sig clock ns
longitudinal” z | Dist z ='uniform' |Lzorsig z mm

longitudinal Ey;,

Dist pz = "uniform'

LE or sig Ekin or
emit z

keV or keVmm

fransverse x

Dist x = "uniform'

Lx or sig x

1miIn

fransverse v

Dist y = "uniform'

Lyorsig v

1miIn

fransverse px

Dist px = 'uniform'

Lpx or sig px or
Nemit x

eV/c or mrad mm

fransverse py

Dist py = "uniform'

Lpy or sig py or
Nemit vy

eV/c or mrad mm

" active if Cathode = TRUE. - active if Cathode = FALSE

FWHM

for |T‘ <
2

elsewhere

_ FWHM

J=——"—
243



1D distributions

>inverted parabola (longitudinal)
" The inverted parabola distribution produces linear longitudinal space charge fields.

f()_4- [1__;‘“] |:‘{—::max

>@Gaussian distribution

()= \/%J xp(—ég—}

FWHM value FWHM =2,/-2In(0.5) =2.35¢

>truncated Gaussian distribution

fDI' ‘T‘ Cw'gmp Cut™" inp < < o

1 1 x°
OB exp| —- 5
V270, ZJmp




2D distributions

uniform'

Nemuit X

1 .
fx,y)=—= for x*+y°<r
r
>radial uniform distribution

0 elsewhere
Dimension Key word Parameter  or o unit
transverse X. y | Dist x = 'radial Lx or sig x mm

uniform'

transverse py, py | Dist_px = 'radial Lpx or sig px or| eV/cormrad mm

> (truncated) 2

D-Gausslian distribution

Dimension Key word Parameter o, ,. C., unit

transverse X,y | Dist x ="2D- sig X, C sig X mm, dim. less
Gaussian’

transverse py, py | Dist_px = "2D- sig px or Nemit x, | eV/c or mrad mm,
Gaussian’ C sig px dim. less

2




3D distributions

>isotropic momentum distribution pi+p,+pl=P =E, +2
Dimension Kev word Parameter Ej, unit
| Px. Py Pz Dist_pz = "isotropic' | LE keV
>photo emission from a Fermi-Dirac distribution
E . ¢ Dimension Key word Parameter units
UPI — o-p:l =J phot zqﬁ" | (Dqﬂ" Ephor :
SHIUC Px. Py- Pz Dist pz="FD 300" | phi eff. eV
E photon

>uniformly filled ellipsoid

3 3 2 32 :1
flx,v.0)= for Y, . - +— <1
drLx L_’l" L: L Ly L
0 elsewhere



>RF, static electric and magnetic fields and fields generated by linear
plasmas.

>cavity fields may be generated by analytical calculations,
measurements or numerical codes.

>field table —. z-position (column 1 in m) & longitudinal on-axis

electric field amplitude (column 2 in arbitrary units)

>The transverse field components are calculated from the derivatives of

the on-axis field.

The polynomial expansion extends to 1st order or 3st order .

he polynomial expansion iIs perfect already in first order for a pure

sine-like spatial wave.

>
>




CAVITY II

>Static electric fields: The name should start with ‘DC’ or the
frequency, Nue( ), should be set to zero.

> Static magnetic fields: 3D field map

> TE modes: the file name has to start with ‘TE .

>Dipole modes: 3D field map

>Traveling wave structures: The file name has to start with ‘TWS’.
superposition of real and imaginary parts
The transverse field are derived according to a 1%t order polynomial expansion

least one RF period plus the input and output coupler cells
file a first line i1s added

For a beta matched structure a wave number has to be specified




