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1. Introduction

The Astra A Space Chargdracking Algorithm) program package consists of the

four parts:

1. The programgenerator which may be used to generate an initial particle
distribution.

2. The programAstra which tracks the particles under the influence of ewtleand
internal fields.

3. The graphic prograrfieldplot which is used to display electromagnetic fields of
beam line elements and space charge fields of partatiebditions.

4. The graphic prograrostprowhich is used to display phase space plots of particle
distributions and allows a detailed analysis of the @lsgsce distribution.

5. The graphic prograriineplot, which is used to display the beam size, emittance,
bunch length etc. versus the longitudinal beam linetiposor versus a scanned
parameter, respectively.

Astrais written in Fortran 90 and runs on different platforifilse main development

platforms are LINUX and Windows. Executables for othatfprms are updated less

frequently.

The menu controlled graphic programs are based on the usimeropackage

PGPLOT.

They are basically self-explanatory, but some motaildewill be given in chapter 5.

The input files for the programgenerator and Astra are organized in form of
Fortran 90 namelists. Each namelist starts with apeasand (&) followed by the
name of the namelist and ends with a slash (/). Matethe slash has to be followed
by a line feed, even in the last line of the input deck.

Version 1 and 2 of Astra required that an input deck cordaafievalid namelists in a
fixed order. This restriction does not apply for Versioni.8, only those namelist
which are required need to be specified and they can appeabitrary order. The
minimal form of a namelist is:

&NAME

/

Within a namelist parameters are specified in the foream® = Value’. The order of
the parameters within a namelist is free and only tip@sameters which are relevant
have to be specified. Specifications are separated by m@ana line feed, with an
arbitrary number of blanks or blank lines in between. &ttar input (keywords and
file names) has in general to be enclosed by quotation n{ark§. On some
platforms this is not mandatory, it is still recommehde ease exchange between
platforms. The input of keywords is not case sensitimegeneral only the first
character(s) are significant. Significant characteesindicated byold letters in this
manual. Most, but not all compilers allow to include oceents in the input file
behind an exclamation mark.

1 PGPLOT is a graphics subroutine library freely avaésfor non-commercial use. For downloading
and further information see: http://astro.caltech.egulpdplot .



2. Definition of the initial particle distribution

Rather than generating the initial particle disttibn internally, the tracking program
Astrareads the initial particle coordinates from a.fildis file may be generated by
the programgenerator or by a user written program. However, also anypou
distribution of theAstra code, which has not been generated with the Leoat = T
option, can be used as input distribution, thugpsuing the piecewise tracking of a
long beam line. In order to be compatible with gnaphic progranpostprothe input
distribution file name should end with the extensioni’ or with ‘.zpos.run’, where
zpos is a four digit number specifying the longihad beam position and run is a
three digit number specifying the run number (skapter 5.6). Table 1 lists the
structure of particle distribution files. The Fantrformat depends on user settings and
is: 1P,8E12.4, 214 (default) or 1P,8E20.12,214 igld res = T or binary if binary = T.
The same settings are valid fggneratorandAstra.

Number 1 2 3 4 5 6 7 8 9 10
Parameter X y zl p py pg clogk magnarticle| status

charge| index | flag
Unit m | m| m| eViceVicleVic| ns nC

Table 1: Structure of particle distribution files.

The first line of the file defines the coordinatafsthe reference particle in absolute
coordinates. It is recommended to refer it to tbadh centerLongitudinal particle
coordinates, i.e. z, pz and t are given relative tthe reference particle. (If the
reference particle is lost the average positiorthef particle position will be saved
with status flag = -99. Coordinates are relativéhi® average position in this case.) If
the particles shall be emitted from a cathode tieye to be generated with the same
longitudinal position, e.g. z=0.0 and with an egpiate spread in time, i.e. clock
values in nanoseconds. In addition the status Hiag to be set accordingly (see
below).
The macro charge of the particle is given in namul®&mb. It is possible to specify
each particle with a different charge; the emiteanalculation will be done with the
appropriate weighting.
The particle index specifies the kind of partiakbe tracked:
Index 1 refers to electrons,

2 to positrons,

3 to protons and

4 to hydrogen ions.

Index 5 — 14 refer to particles with user defimatlo of mass to charge state.

The sign of the charge specified in the column Basrelevant. It is possible to mix
different kinds of particles as an initial particlestribution.
The status flag contains information of the pagtstatus as listed in Table 2. Particles
with a negative status flag are either lost by someehanism or not yet started. (The
output files list the coordinates of all partickegen of those that have been lost. The
order of the particles does not change; hence gaisily possible to follow the
development of individual particles.) Passive judet are tracked as normal particles
but they are not taken into account in the caleautabf the beam emittance etc. and
they are not taken into account when the spacegehi@ld is calculated. They will,
however, be tracked taken the action of the sphagge field onto them into account.
They are typically used to cut off beam tails otohparticles. The trajectories of
‘probe particles’ and the space charge fields gctinto these particles will be found
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in an output file for later analysis.

Status | Comment Status
flag
-99" average position of distribution will not be tracked
-95 ref. particle only; £> ZStop lost
-94 ref. particle only; more than Max_Step steps  lost
-92° probe rejected by space charge at the catihdmkt
-91° rejected by space charge at the cathode lost
-90 probe particle beforeqé lost
-89 particle before &n lost
-86° probe patrticle traveling backwards lost
-85° particle traveling backwards lost
-31 particle discarded by user lost
-30 particle preliminary discarded by user lost
-22 probe secondary electron, lost on aperture lost
-21 secondary electron, lost on aperture lost
-20 passive probe particle, lost on aperture lost
-19 passive particle, lost on aperture lost
-17 trajectory probe patrticle, lost on aperture lost
-15 standard particle, lost on aperture lost
-6 passive probe particle, at the cathode not yet started
-5 passive particle, at the cathode not yet started
-4 secondary particle not yet started
-3 trajectory probe patrticle at the cathode not yetesda
-1 standard particle, at the cathode not yet started
0 passive probe particle tracking
1 passive patrticle trackifg
3 trajectory probe particle tracking
4 cross over particle tracking
5 standard patrticle tracking
6, 9...33 | probe secondary electrons of generationtracking
2...10 or higher
8, 11...35| secondary electrons of generation 1, 2].t&cking
or higher
1 ifthe reference particle is lost the average positibtihe distribution will be saved with

w

index -99

only if Schottky parametrs are specified.
only active, if L_rm_back =T is set.
passive particles are not taken into account for thepsef the space charge grid, the

calculation of space charge fields and for the calculaifdoeam parameted§the 2D space

carge routine is active the particles are still traakeder the influence of space charge
fields, while in case of the 3D routines the space chislgkis zero for these particles.

5 onlyif cross_staet cross_end. See section 4.13.7.
Table 2: Definition of important status flags.




3. The prograngenerator

The prograngeneratorgenerates an initial particle distribution filecacding to the
previously described specifications.

The input file forgeneratorhas to have the extension “.in". The default filkme is
‘generator.in’. The input file consists of a singlamelist named INPUT. A tabulated
listing of all possible input parameters is givenchapter 7. The below listed input
file gives a simple example for the generation ghassian particle distribution:

&INPUT
FNAME = 'Example.ini'
Add=FALSE, N_add=0,
IPart=500, Species='electrons'
Probe=True, Noise_reduc=T, Cathode=F
Q_total=1.0E0

Ref_zpos=0.0E0, Ref_Ekin=2.0E0

Dist_z='gauss', sig_z=1.0EOQ, C_sig_z=2.0
Dist_pz='g, sig_Ekin=1.5, cor_Ekin=0.0E0
Dist_x='gauss', sig_x=0.75EQ,

Dist_px='g, Nemit_x=1.0EO, cor_px=0.0EQ
Dist_y='g, sig_y=0.75EOQ,

Dist_py='g, Nemit_y=1.0EO, cor_py=0.0EQ

/

Running generator with this input file will result in the generatioof the file
‘Example.ini’ containing the coordinates of 500atfens with a total charge of 1 nC.
Since ‘Cathode = F(alse)’ the particles are notttathi from a cathode and a
longitudinal extension of the bunch has to be d$metirather than a time spread.
‘Probe = True’ will result in the specification six probe particles at the positions:
0.50x, 0.50z; 1.00x, 1.00z; 1.50x, 1.50z,
0.50y, -0.50z; 1.00y, -1.00z; 1.50y, -1.50z.
The trajectories of these particles and the spdwege fields acting onto these
particles will be saved if ‘TrackS = True’ is set.
The specification ‘Noise_reduc = T(rue)’ forces firegram to distribute the particles
not randomly but quasi-randomly following a so-edlHammersley sequence. As a
result statistical fluctuations are reduced, whiléhe same time artificial correlations
are avoided which would be generated by a set ugpgnid.
The longitudinal position of the bunch is at 0.Gand the kinetic energy is 2.0 MeV.
The longitudinal distribution is gaussian with amsr width of 1mm and a cut at
2 sigma. The distribution of the longitudinal morteers uniform with an rms width of
1.5 keV. Alternatively it would be possible to sifg@ longitudinal emittance rather
than the energy spread. No correlated energy spsaattoduced.
The transverse distribution is gaussian in x andtlg an rms width of 0.75 mm. The
distribution of the transverse momenta is also giamsand is set up in a way that the
beam emittance will be t mrad mm. No correlated beam divergence is intreduc
Besides the complete listing of all possible inpatameters in chapter 7, a collection
of the properties of different distributions canfbend in chapters 7.2 to 7.4.
In order to assemble more complicated distributiibns possible to add up several
distributions into a common file. In this case ‘Add’rue’ and ‘N_add = n’ has to be
specified, where n is the number of distributionsbe added. Than the namelist
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INPUT has to be specified n times with different parere (FNAME, Add and
N_add might be specified only once in the first namglidte reference particle of the
combined distribution will be the reference particle weedi in the first namelist.

If a dispersion is specified an energy correlated wense offset will be added in a
final step. The calculated emittance will hence be tatigen specified in the input
file.

After running generatorthe result can be visualized by callipgstpro with the
appropriate input argument, e.g. ‘postpro Example.irae 8hapter 5.6.

Besides the file Example.ini the file NORRAN will leated bygenerator It
contains a new seed value for the random generator dindewupdated every time
generatoris used.



4. The programAstra

The programAstra tracks particles through user defined externdti$idaking into
account the space charge field of the particle ctldithe tracking is based on a non-
adapitve Runge-Kutta integration dt drder.

The beam line elements are set up w.r.t. a globaidinate system iAstra The axis
of the (preferred) motion of the bunch is the zsgkpngitudinal axis). The horizontal
plane is related to the x-axis, and the verticahplis defined via the y-axis.

All calculations inAstra are done with double precision, while output amgut may
be in single precision.

The input file forAstra has to have the extension ‘.in’. The default flame is
‘rfgun.in’. The input of each class of beam linerakent is organized in a separated
namelist. Besides the namelists for the beam llaments the namelist NEWRUN
contains general instructions for the tracking, GY2E contains the settings for the
space charge calculation and SCAN contains instmgtfor the scanning routine. In
the following an example input file without spackame will be discussed. In a
second step the calculation of space charge figltlide included before finally the
scanning routine will be described.

4.1.Namelist structure of Version 3

Version 1 and 2 of Astra required that an inputkdeentained all valid namelists in a
fixed order. This restriction does not apply forr$fen 3, i.e. only those namelist
which are required need to be specified and theyappear in arbitrary order.

4.2. Example input file without space charge

&NEWRUN

Head=' Example of ASTRA users manual'

RUN=1

Distribution = 'Example.ini', Xoff=0.0, Yoff=0.0,

TRACK_ALL=T, Auto_phase=T

H_max=0.001, H_min=0.00

&OUTPUT
ZSTART=0.0, ZSTOP=1.5
Zemit=500, Zphase=1
RefS=T

EmitS=T, PhaseS=T
/

&CHARGE

LSPCH=F

Nrad=10, Cell_var=2.0, Nlong_in=10
min_grid=0.0

Max_Scale=0.05

/

&CAVITY

LEField=T,

File_Efield(1)="3_cell_L-Band.dat', C_pos(1)=0.3
Nue(1)=1.3, MaxE(1)=40.0, Phi(1)=0.0,

/
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&SOLENOID

LBField=T,

File_Bfield(1)='Solenoid.dat', S_pos(1)=1,2
MaxB(1)=0.35, S_smooth(1)=10

/

NEWRUN starts with a header string and a run number, whiduld be used to
protocol different parameter settings. The run numbéte found as an extension of
all output files generated ystra The input particle distribution has been previously
generated witlgenerator It is used without a transverse offset, i.e. on-akiter the
phasing of the cavity (‘Auto_phase = T’, see below) tiieremce particle, i.e. the first
particle in the input distribution file, will be tracked dligh the beam line to check
the beam line settings. In a second step the refepgantiele will be tracked again,
starting with an offset at x ¢ and y = yms If TRACK_ALL = False’ is set the
tracking will stop here. The maximum time step for thenge-Kutta integrator is
defined with the parameter H_max, while H_min is onlyivactf the space charge
fields are taken into account (see below).

The second namelist OUTPUT is devoted to the generafiasutput. While the
tracking starts at any position where the initial p#taistribution is launched, output
will be generated between ZStart and ZStop. The tngcwiill stop when the bunch
position, i.e. the average position of all active p#et is larger than ZStop.

The names of all files generated Agtra start with the project name, i.e. with the
name of the input file and end with the run number. twben, separated by dots a
type dependent name is given to the files. Table 3 givesnalete listing of all
output files generated bistra including the logical switches to start or suppress the
generation of output.

Astra generates output on different length scales of thenbleze. ‘RefS = True’
generates output of the off-axis reference trajectayergy gain etc. at each
Runge-Kutta time step.

Output of the beam emittance and other statistical beamameters is generated if
‘EmitS = True’. For the calculation of statistical fmlh parameters the distance
ZStop-ZStart is divided into Zemit intervals. Noteatthhe Runge-Kutta time step is
adjusted, i.e. reduced if necessary, in order to intertiupttracking close to the
specified locations. (The beam position refers to therame longitudinal beam
position.) This might lead to a reduction of each tistep, i.e. to an increased
accuracy of the calculation, if the intervals arersdrothan the bunch motion in one
time step. A warning is given in this case because thdt r@fsthe calculation might
depend on an output parameter if H_max is too big!

The complete particle distribution is saved at Zphaskerdnt locations if
‘PhaseS = True’. The distance ZStop-ZStart is divided Aghase intervals and the
nearest location defined by means of Zemit is choskexefore it is recommended to
set Zemit = n-ZphaseyON . The approximate position is indicated in the file name
as a four digit number, which corresponds in general toaadhieded beam position in
cm. If necessary the units for the file name defimitis changed (if the distance of the
output positions is too small, or if the last output posiis too big). If required the
naming convention is changed to a relative position gugput position minus start
position) which is indicated by a warning message.

! Many but not all of the parameters in OUTPUT weréhia namelist NEWRUN in previous versions
of ASTRA and are still accepted in this namelist.



All namelists but NEWRUN start with a logical switovhich allows to deactivate all
elements in that list, without changing other pasters. Hence, with
‘LSPCH = False’, the calculation of space chargeds is deactivated.

The namelist CAVITY allows to include rotationalmsgnetric fields of standing wave
cavities, as well as of traveling wave structuresl alectrostatic fields. The
dependence of the longitudinal electric field comga on the longitudinal position
on the symmetry axis of the field has to be giveform of a table in case of standing
wave structures and electrostatic fields. The tahd magnetic field components are
deduced from the derivative of the longitudinaédilw.r.t. the longitudinal position.
File_Efield(n) contains the name of the file whéhis table can be found, for thé n
cavity. Nue(n) states the frequency, MaxE(n) t@ximum amplitude of the field
and Phi(n) the phase of the wave. By default treggngain of each cavity is scanned
prior to the tracking of the reference particleAstra The user-defined phase refers
than to the phase of the maximum energy gain iosine-like manner. Note, that the
phase of the wavev(d + ¢ is increasing with time, i.e. the tail of the bhrisees’ a

higher phase than the head. Thus, in order to tjigetail a higher energy than the
head, one has to go to negative phases Phi(n)pfdee, denoted by the program as a
result of the auto-phasing procedure, is the numised internally. It refers to the
phase of the wave at the time stamp of the refergacticle when it is starting to be
tracked. The auto-phasing can be switched off ltinge‘Auto_Phase = False’ in
NEWRUN.

The namelist SOLENOID contains information abouesoid fields. Like in case of
cavity fields a table of the longitudinal field cponent along the symmetry axis is
required. Besides the file name of the table, tmymaximum amplitude of the field
has to be specified. (The scaling of the fieldhe tefined amplitude might also be
switched off by setting ‘S_noscale = True'.) In tb&ample some smoothing is
applied to the field table.

No other elements are used in this example.

4.3.Space Charge Calculation

Astra offers cylindrical symmetric and fully 3D optionfor the space charge
calculation. In terms of computing time the algomis themselves are of comparable
performance, however, 3D space charge calculatemsre, due to the larger number
of grid cells, a much larger number of macro pé&tcin order to avoid statistical
problems. Moreover is in case of the 3D algorithnfyaa linear interpolation within
the grid cells applied, while a cubic spline int@gtion is employed within the
cylindrical grid algorithm. Therefore a finer gri@solution might be required in the
case of the 3D algorithm.

4.4, Calculation of the space charge field with the cyfidrical grid
algorithm

For the calculation of the space charge field andyical grid (r, ¢, z coordinates),

consisting of rings in the radial direction anate$ in the longitudinal direction, is set
up over the extension of the bunch. The grid iselnte transformed into the average
rest system of the bunch, where the motion of tmigles is to good approximation
non relativistic and a static field calculation céwe performed by integrating

numerically over the rings thereby assuming a @mistharge density inside a ring.
The field contributions of the individual rings tile center points of the grid cells are
added up and transformed back into the laboratgstem. Here the field at any given
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point between the grid center points is calculated bwnmwmeof a cubic spline
interpolation, so that the field and the first derivas w. r. t. the space coordinates are
continuous functions. Outside of the grid a 1/r extrapwiais applied, so that the
space charge field is defined (with reduced accuracy) oeewtiole space. For the
tracking the space charge field is treated like the eatdiwld, i.e. an Runge-Kutta
integration is performed based on the sum of all eaeand internal forces. It would,
however, be too time consuming (and useless) to caldhlatspace charge field on
the grid center points again at every Runge-Kutta time. Stberefore an automatic
procedure has been implemented which scales the spaage dield and the grid
dimensions with the variation of the beam size, beam energy etc. A new
calculation of the field on the grid center points igiated every time the scaling
factor of the field exceeds a user-defined limit.

4.4.1Set up of the grid

The space charge fields are calculated on a cylindrigdl gonsisting of rings in the
radial direction and of slices in the longitudinal etition. The grid is set up
dynamically, i.e. the grid dimensions are based oratheal dimensions of the bunch.
The user has to define the number of slices (paramé&teagNn) and rings (parameter
Nrad) that shall match exactly the dimensions of tinech. For the calculation two
more rings and four more slices are added outside ofuihehb

The total number of particles inside a ring scales, falis&ribution with uniform
charge density, linearly with the radius in the outsielgian of the bunch but more
guadratically at the innermost region. As an examplesiden the case of 5000
particles uniformly distributed in a grid of 10 rings of eluhickness. In the
innermost ring only about 50 particles will be located, wimlehe outermost ring
about 950 particles will be counted. When these partickesd@ditionally distributed
into 100 longitudinal slices, half of the innermost ring be empty, which causes
statistical fluctuations in the field description. Furthere one has to take into
account, that the field of a charge ring acts predominaatihe outside of the ring.
Thus the field in the outside region of the bunch is poged by more or less all
particles while this is not the case in the centralore@f the bunch. To counteract
this unfavorable situation it is possible to vary theialadrid height over the bunch
radius by means of the parameter Cell_vaAstra If for example ‘Cell_var =2’ is
chosen, the innermost ring will be twice as high aattermost ring. In order to get
a sufficient statistical accuracy it is neverthelassessary to choose a small number
of grid cells or a high number of particles, respectivélye description of the fields
will, however, have a better resolution than suggestedhe grid size due to the
smooth interpolation algorithm.

The space charge fields generated by a particle distribocéinrbe visualized with the
programfieldplot (See chapter 5.7.) Here also the number of grid eelisthe cell
variation may be changed and optimized.

4.4.2Merging longitudinal grid cells

In order to vary the longitudinal grid size within the bameighboring cells can be
merged together. If, for example, the bunch consigstsoba short spike and a long
tail the parameter N_long_in is specified so that thkespan be resolved. In order to
improve the statistical properties in the rarely populdtel cells can be merged with
the statements ‘Merge_1i7j, K to ‘Merge_10 =i, |, K, wherei is the starting cell,

is the end cell ank is the number of cells to be merged. For example with
Merge 1 = 1,50,10 cells number 1 to 50 are merged into 5 nesvezalh consisting



out off 10 original cells. Note thaﬂf—:(—+1 has to be an integer. Udeeldplot to

visualize and optimize the longitudinal grid. Anaexple application of this option is
described in [1].

4.4.3Time step control

For an accurate simulation the time steps of thegetKutta integrator shall not be
too large. The required time steps may differ ggipin different parts of a beam line,
depending on the relative contribution of spaceghand external fields. Time steps
are adjusted automatically within user defined tignin Astra. The maximum time
step, often limited by external fields (RF fielddnge fields), is determined by the
parameter H_max. The convergence of the simulatsnlts for decreasing H_max
should be checked. Separate tracking of differentisns of the beam line allows to
optimize H_max for each section.

The minimum time step is given by the parameter . @riteria to set H_min are
discussed in the next two chapters. The scalinthefspace charge field (chapter
4.4.7) is used to estimate the maximum allowalte tstep. Thudstraperforms time
steps between H_max and H_min. Even shorter tisgssdre made in order to reach
a certain position e.g. to generate output. Thesldgvnent of the average step size is
stored in a file when the option ‘TcheckS = Truseset.

4.4.4The emission of particles from a cathode

In order to simulate the emission of particles frar{plane) cathode the particles are
started from the cathode according to the timingeap of the initial particle
distribution. The particles are ordered accordmgheir emission time and the space
charge field is scaled for the increased charger #fie emission of each particle. Thus
a smoothly rising space charge field is obtainelde Time step of each particle is
adjusted according to its emission time, and a detmpecalculation of the space
charge field is performed after each user-definteg size H_min. No scaling of the
field other than the scaling with the charge wittiia time step is applied.
If during the emission the space charge field sballpdateah times, H_min has to
be T/nwhereT is the total emission time. In general H_min isuawritical parameter
if nis reasonably high. It is however useless tonseery high if the number of
particles is not very high.
Alternatively, the average number of particles éoelmitted during each emission step
can be specified with the parameter N_min. To abgithis option H_min should be
specified as zero. Then it is set according to:

H min=T L— min (4.1)

Npart

with Npart being the total number of particles in the bunch.
Since the number of particles is small during ih& tteps of the emission process the
number of longitudinal slices shall be reduced miyithe emission by means of the
parameter min_grid, which defines the minimal gside in longitudinal direction.
Whenever the bunch length is so small, that the gide would be below min_grid,
the number of slices is reduced accordingly. Thechuengthsy, after the first time
step,t = H_min has been performed can be estimated as:
_eE

=2 (4.2)

min

10



ASTRA User's manual

whereE is the accelerating field strength amds the rest mass of the particles in the
bunch.

If min_grid is set to this value the number of slices iases smoothly as the bunch
length and the number of particles during the emissionegsoc

If min_grid is specified as zero, it is set automaticaltgording to Eq. (4.2). For this
the mass of the reference particle is used, (impomaht in case of a particle
mixture.)

For the set up of the grid also particles which are moitted yet are taken into
account for the radial direction, in order to avoid swmoall radii during the first steps
of the process.

By default the mirror charge of the bunch at the @déhplane is taken into account if
the bunch is emitted from the cathode. The fields eftmrror bunch’ are calculated
in the rest system of the mirror bunch at the Lordrdnsformed distance between
bunch and mirror bunch, transformed back into the laboyaystem and added to the
field of the bunch. The calculation of the mirrorache is switched off when the
contribution of the mirror bunch field at two positioosthe bunch (in the center and
in the tail of the bunch) is below 1%. of the bunch fidtdr the calculation of the
mirror charge the grid is modified in a way that thddfiss calculated directly in the
cathode plane, rather than in the center of a cell.

When the bunch is emitted from a cathode, the longialgiosition of the cathode is
set to the minimal particle position by default. Whiea bunch is not emitted from the
cathode but shall be started in front of the cathodec#itrode position has to be
explicitly specified with the parameter Z_Cathode.

The calculation of the mirror charge can be supprebgesktting ‘Lmirror = False’.
Retarded time effects and radiation effects are nontaite account.

4.4.5Correction of the mirror charge for the case of a non-planarcathode

In order to correct the mirror charge contribution e tase of a non-planar cathode
the cathode surface has to be described by means of aTtableable contains in the
first two columns the longitudinal and radial positmia number of points describing
the contour of the cathode. The third and fourth columriheftable contain the
components of the tangential unit vector of the catraidbe same points. For each
point of the table a charge ring will be located slightghind the cathode surface.
The rings carry charges such, that the electric fieddtor of the combined space
charge field is perpendicular to the cathode surfacerdar to determine the charges
a system of equations with n unknowns has to be sédvadpoints in the input table.
In addition to the table the curvature of the cathodéheraxis has to be specified in
the input deck. The cathode contour and the position othhege rings behind the
cathode can be visualized witieldplot See also chapter 7.5.2. This procedure has
been worked out by D. Janssen and V. Volkov. An examplecapiph of this option

is described in [2].

4.4.6Minimum time step without emission process

When the simulation starts without emission from a @@g¢hthe parameter H_min is
in general uncritical. By default it is reset to HaxfiLOO if it is set to zero in the input
deck.

In cases of extreme space charge forces the followitgrion becomes, however,
significant: In a real beam all particles move si@andiously, while in a simulation
particles move one after the other in small stepsrderato avoid that particles move
a significant fraction of a grid cell within one timeept which would lead to an
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unphysical variation of the space charge field,libach dimension should change by
an amount which is small compared to a grid cetlhirnia single time step. In cases of
extreme space charge fields this criterion mightibéated. Hencéstra controls this
criterion and reduces the time steps if requiredhe Tuser defined parameter
Exp_control specifies the maximum tolerable vaoiatiof the bunch extensions
relative to the gird cell size within one time st&xp_control = 0.1 specifies, that the
bunch is allowed to expand by only 10% of the madigrid size within a time step.
While the control of this criterion may lead to yesmall step sizes it does often not
increase the overall CPU time by a significant amipbecause the efficiency of the
scaling procedure of the space charge field immove

4.4.7Scaling of the space charge field

The space charge field of the bunch is (at leasu#icient high energies) a slowly
with time varying function. Hence, instead of cddting new field coefficients at
every time step, it is justified to scale the fietnefficients according to:

(r) nr(z) nr(y)
Q mo]m [Eazoj [E ,Vj
Er0=0—2% — =
Q, \or oz Yo
2(r) nz(zly)
Ezgg ﬂjn r 9o Woj

Q Lo oy
Bo O ErZE-
B

0
where Q/Q, or/aro, 0z/ozy, ylyo and B/Bodenote the relative variation of the bunch
charge, the bunch radius, length, energy and ugla@spectively.

At the same time the grid has to be scaled withver@tion of the radial bunch size
and the bunch length.

nr(r), nr(z), nr(y), nz(r) andnz(zj/) are functions that depend on the aspect ratio
A:UZE%r of the bunch in the rest system. They are constat >> 1.

In case of a pancake like bunch the fields aregntamal to:
Q I:Earo JZ /4
Er0=0—| 3~
Q \ar Yo
2
Ezmgtﬁﬂ] % Yo
Q \or ozly
while a cigar like bunch scales like:

ero (o f2

Q o oz

E202 EE—OZO Yo j
Q \ ozly

The functions used iAstraare only approximate functions that fit roughlynmerical
results for a number of bunch dimensions with umifolongitudinal and radial
distribution. However, the scaling is in any casétdr than assuming a constant field.
If the scaling factor for the radial or longitudirgectric field exceeds a user-defined
limit a new space charge calculation is initiat&étle parameter Max_scale defines
this limit; if for example ‘Max_scale = 0.05’ theaing factor has to be between 1.05
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and 0.95, respectively.

An extrapolation of the time depended scaling factorsised to determine the
maximum allowable next step size. If the next stepwizeld be below H_min a new
calculation of the space charge field is initiated. Tloeeethe space charge field is
not only updated more frequently in regions of stron@gying space charge fields,
also the average step size is reduced.

Strong changes of the particle distribution, withoutatdon of the bunch dimensions,
cannot be taken into account by the scaling routine amd to be treated separately.
This effect is observed during the compensation procespade charge induced
emittance growth close to the emittance minimum, iwtie particles in the bunch
center move outwards, while the particles in the heddlaatail of the bunch are still
moving inward. In order to limit the number of scaling steépsthis case, the
parameter Max_count can be set.

As long as particles are emitted from a cathode thkngcprocedure is not active.
Instead the space charge fields are updated after eaelstep H_min.

The effectiveness of the scaling and the setting of deale can be controlled by
setting ‘TrackS = True’. A file will be logged that cairts the trajectories of particles
marked as probe particles and the space charge fieldg actio these particles. Both
can be displayed with the progrdimeplot (While Astracan deal with any number of
probe particleslineplot will support the display of only up to one hundred parti¢les
Since the data are logged at each Runge-Kutta time stgenkeated files tend to be
large. Therefore one might consider using this option @oyshort critical sections
and not for long beam lines. Additional information abthé scaling procedure can
be gained if the option “TcheckS = True’ is set. AW# be logged that contains the
scaling factors at each time step separated into the trimdions

nr(r) nr(z) nr(y)
[ﬂj , [ﬂj , (Lj etc., which allows to identify the driving force of the

oar oz Yo

space charge field development. Also the scaling coumtech counts how often the

field is scaled before it is updated and the time between egpdatthe space charge
fields is saved. The later one is used to calculatetkeage Runge-Kutta time step.
See the description diheplot chapter 5.5.2or displaying results.
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4.5. Calculation of the space charge field with the 3D IFT
algorithm

To activate the 3D space charge calculation tharpater ‘Lspch3D = t’ has to be set
in addition to ‘Lspch = t’. For the 3D algorithmGartesian grid is used. The number
of grid lines is specified with the parameters NX§f and Nzf for the x-, y- and z-
direction, respectively. Since the algorithm is dsh®n a fast Fourier transform the
number of grid lines in each direction has to baatdo 2", nON. Astrawill give a
warning and reset the grid cell specification te tiearest possible value in case of an
invalid input. The number of grid cells in eacheatition is equal to the number of grid
lines minus one. With the parameters Nx0, NyO arad Khe number of empty
boundary cells can be specified, which allows @rfitradeoff of computation time
and statistical noise in the computation (see @&ragt5.2.). The space charge
calculation takes place as electro static calautatn the average rest frame of the
bunch. A constant charge density inside the cas®imed. The potential of the space
charge field is derived by a convolution of the rgeadensity of the grid with the
analytically calculated Green’s function as desaibn [1]. The derivatives of the
electrostatic potential yield then the componeritthe space charge field which is
transformed back into the laboratory frame. In ortesuppress noise the potential
may be smoothed with a soft iterative proceduree Tgarameters Smooth X,
Smooth_y and Smooth_z can be used to specify tmbd&uof iterations to be applied
for each direction. The setup of the grid and tffeceé of the smoothing should be
checked witHieldplot

4.5.1Restrictions of the 3D FFT algorithm

The 3D algorithm doesn’t provide special featu@sthe emission of particles from
the cathode in its present form. Image charge ®oamnot be included. During the
emission the complete grid is set up already #fteffirst time step.

The field description is restricted to the grid;nbe the optional use of passive
particles, which may travel outside of the gridlinsited.

4.5.2Estimation of the average number of particles perell

The Cartesian grid forms a cuboid around the bumbith leads necessarily to a
number of empty cells since a bunch is in genesalcaboid. An adjustable number
of additional empty cells can be included in theirfmaries in order to allow a finer
adjustment of grid resolution and required numbgrasticles. Assuming a uniformly
filled cylindrical bunch with ellipsoidal transver<ross section the average number

of particles per grid ceM_, can be estimated as:
N :ﬂ Ntot
b (Nxf —1-2Nx0) [f Nyf—1- 2Ny) [f NzF & 2 N3
And for the case of a uniformly filled ellipsoid:as
6 Ntot

Negy =—
U (Nxf —1-2Nx0) [f Nyf—1- 2Ny) [f NzF & 2 N3

4.5.3Scaling of the space charge field and time step dool

The scaling of the space charge field and the geif the time steps follows the same
procedures and formulas as described above for2Ehelgorithm. Instead of the
radial field both transverse components are treaggmhrately, so that the procedure
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works also in case of varying transverse aspect ratio.

4.6. Automatic transition from 2D to 3D calculation

It is possible to switch between 2D and 3D space chaxigealation within a tracking
calculation. For this the switch L2D_3D is set to trmel #he position at which the
transition should be made is specified with the patanz_trans When the bunch
passex_transthe results of a 3D space charge calculation areegpfii all particles
beyondz_trans while a 2D calculation is made for particles befdne specified
position. The number of longitudinal cells of the 2D dra&b to be reduced as more
and more particles passizgtrans Thus a minimal grid length has to be specified
with the parametemin_grid_transequivalently to the minimal grid length defined for
the emission process.

4.7.Emission process

Important aspects of the simulation of the emissiarcess inAstra are described in
chapter 4.4.4.

Particle distributions which can be generated wi#neratorare described in chapter
7 and following. Besides this it is possible to load patistributions from other
programs if they are compatible to the file structure desd in chapter 2.

Within Astra it is possible to rescale a number of parameterghef particle
distribution (e.g. the bunch size, the charge ete.chapter 6.1) and to define offsets,
which allows doing parameter scans as described in chapter 4.

Additionally it is possible to modify the emission flora cathode by specifying a
delay time and parameters to model the Schottky effegpectively.

If the delay timeTauis not zero in the input deck an exponential delaylvalapplied
to the emission of the particles. Thus, if for exanpke input distribution represents
an incoming photon bunch, it is possible to model aydefathe photo emission
process of the cathode. The delay time is randomly ethad added to the
predefined emission time. Note, that statistical namght be increased if the initial
distribution is quasi-random.

The Schottky effect describes the lowering of the wariction or electron affinity
of a material by an external electric field, whichdsato an increased electron
emission from a cathode [1]. Kstrathe charge of a particle is determined at the
time of its emission as:

Q=Q+Srt_Q_Schottkiy/ B Q Schottky

whereE is the combined (external plus space charge ) longitldieetric field in the
center of the cathode.

The chargeQ is the charge of the particle as defined in the inputrilligion
(eventually rescaled according to the param@&ébunch) and Srt_Q_Schottkyand
Q_Schottky describe the field dependent emission process. For an péam
discussion of the Schottky and related effects see [Bfefarences therein.

To visualize the development of the space charge fielth@mathode and important
beam parameters during the emission process set ‘Cathotie®’. See Table 3 and
Table 4 and chapter 5.5.4.
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4.8.The Auto_phase option

By default the energy gain of each cavity represgnan accelerating RF mode is
scanned prior to the tracking of the referenceigartn Astra The user-defined input
phases refer to the phases of the maximum eneiigyirga cosine-like manner. Note,
that the phase of the waweld + ¢ is increasing with time, i.e. the tail of the btanc

‘sees’ a higher phase than the head. Thus, in eodgive the tail a higher energy than
the head, one has to go to negative phases. Tleephasing procedure can be
switched off by setting ‘Auto_Phase = False’ in NEWN, in which case absolute
phases are requested. Absolute phases refer phése of the wave at the time stamp
at which the tracking is started. The results & "#uto-phasing procedure (max.
energy gain and phases) are printed onto the scféenphases may hence be used as
offset phases when the auto-phasing procedure isggm be switched off in
subsequent runs.

The Auto_phase option acts only on acceleratingriRBes, i.e. DC fields, TE modes
and dipole modes are rejected from the scan.

In the auto-phasing procedure the reference pansdracked through the consecutive
cavities. For each cavity the phase is scannedraetimes with decreasing phase
steps around the phase of maximum energy gain. ecghase of maximum energy
gain has been determined with high accuracy thecfears finally tracked at the user
defined phase through the cavity and up to theaao#& of the subsequent cavity.
Note, that the optimum phase of the complete gartistribution coincides only with
the optimum phase of the reference particle if st located at the average
longitudinal or temporal position of the distribani respectively.

In the case of overlapping modes the order of tiesimg procedure is determined by
the order of the start positions of the cavitiesnothe case of equal start positions, by
the order in which the modes appear in the inpukkdéf the particle velocity is
changing inside the cavity, the phases of overtappmodes are, however, not
independent of each other. It is recommended tdhesauto-phasing option for each
mode separately and then use absolute phases icase.

In long cavity sections a small discrepancy betwden phases determined by the
auto-phasing procedure and the phases which miaith& energy spread of the beam
(without space charge fields) can be observed imesaases. Different factors
contribute to this discrepancy, one is, that tHeresce particle is due to statistical
fluctuations in general not exactly in the centethe particle distribution another one
are numerical inaccuracies.

The phasing of the cavities is related to the makclock of the tracking program.
The starting time of the tracking program is detesd via the input distribution, see
Table 1. The starting time can also be changed thélparameter Toff in the namelist
NEWRUN. If the RF structures described in the ingplgick have all the same
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frequency a modification of Toff is equivalent to a ghahift of all cavities with the
parameter phi(0).

In general the starting time is an arbitrary value. dme cases, if for example a
timing jitter of the particle source shall be investigatedeéined variation of the
starting time is necessary. (See the output paramefetie scanning routine in
chapter 6.3.) Note, however, that a modification of 8tarting time will be
compensated by a phase shift if ‘Auto_Phase = True’ is set.

4.9. Scanning and optimizing beam parameters

Astra offers different options to perform parameter scams@ptimizations. A simple,
predefined scan based on a single particle tracking rgference particle) is
performed by setting ‘PHASE_SCAN = True’ in NEWRUN. Theemy gain as
function of the cavity phase is stored as well as theeb compression factor, i.e. the
ratio of the bunch length at the exit of the cavitytte bunch length at the entrance of
the cavity. From the derivative of the energy gaintwthe cavity phase a quantity is
derived which is proportional to the RF induced energy shrésee chapter 5.5.2.)
When the scan for one cavity is finished, the refezguarticle will be tracked through
the cavity on the user-defined phase up to the entranttee ofext cavity. Thus, for
low energy beamd3(< 1), the result of the scan for downstream cavitiegends on
the user-defined phase.

User defined scans can be performed with the scanning procddfined in the
namelist SCAN. The following example shows a settiog & scan of the cavity
gradient of cavity number one:

&SCAN
LScan=T
Scan_para="MaxE(1)’
S min=10.0, S max=50.0, S _numb=5

FOM(2)="hor. Emittance’
FOM(2)="long. Emittance’
FOM(3)="bunch length’

/

All valid scanning parameters are written in italic leitén the namelist tables of
chapter 6. Besides the minimum and maximum set poitheoscanning parameter,
S _min and S_max, the total number of set points S_numibohls specified. The
user also has to define which beam parameters shallobedstUp to 10 different

output parameters can be specified (FOM(1) to FOM(10)). Pepter 6.3 for a
listing of valid keywords. The standard output generatemittance vs. z etc.) is
suppressed when a scan is performed. Setting ‘LExtend =dllow's to increase the
scanning range without losing data from a previously perforscad with the same
run number.

While with the specifications discussed above all patars, as defined with FOM(1)
to FOM(10), are saved at the end of the beam line, @lso possible to look for a
minimum or maximum within a predefined longitudinal rangehwthe scanning

routine. In this case ‘L_min =True’ or ‘L_max = True’ hdo be specified. The
minimum or maximum value of FOM(1) within the longitudinalerval S_zmin to

S_zmax will be saved. The interval is divided into S_dz s$ehials. At the end of
each subinterval the emittance etc. is calculatedlamdalue of FOM(1) is updated
accordingly. The values of FOM(2) to FOM(10) will be sd\at the position of the
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minimum/maximum of FOM(1). The position of the rmmim/maximum will also be

saved.

Automatically searching for a setting where the apaeter FOM(1) reaches a
minimum, a maximum or a predefined value (matchueplby refined scans in
smaller intervals around the optimum is activated detting O_min, O_max or
O_match true. The parameter O_depth defines thebeurof refined scans to be
performed. The total number of runs in this casebeut S_numb O_depth. If the

optimum is outside the initial interval (S_min —rBax) the interval is increased in
direction of the optimum by at most 10 steps.

The options O_min, O_max etc. and L_min, L_max etm be combined. With the
setting:

&SCAN
LScan=T
Scan_para="MaxB(1)’
S min=0.1, S max=0.2, S _numb=5

O_min=TRUE., O_depth=3

L_max=.TRUE., S zmin=1.0, S zmax=1.5, S_dz=10
FOM(2)="hor. spot size’

/

the maximum of the horizontal beam size betweendl1a5 m will be minimized.
Another possibility for parameter scans is givethvthe looping option. All namelists
start with the parameters LOOP. If ‘LOOP = Trueset, the parameter NLoop in the
namelist NEWRUN has to be set to a positive intagdne. The complete namelist
for which the looping has been activated has tospecified NLoop times with
varying parameters. (With the exception of the neh&RROR, see chapter 6.5.)
Astra will perform NLoop complete tracking calculationsjorking successively
through the specified namelists and incrementimgrtin number automatically. It is
possible to specify ‘NLoop = True’ simultaneoustymore than on namelist. With the
following settings two runs will be performed witlvo different solenoid field maps:

&NEWRUN
Loop=.FALSE.

i\.l.Loop:Z

$SOLENOID
Loop=True
File_Bfield(1)="Solenoid_1"’

/
$SOLENOID

Loop=True
File_Bfield(1)="Solenoid_2’
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4.10.Definition of Modules

The namelist MODULES (chapter 6.4) allows to combinemelats from other

namelists to modules. Modules can be used to do parasegtes or to introduce
correlated errors, e.g. for a number of magnetienel@s which are powered by a
common power supply, a number of RF structures whichdaxen by the same

klystron or elements which are mounted on a commodegirModule definitions

don't substitute the individual definitions in the respertiwamelists but act in
addition onto the elements. In the following example:

&MODULES
LModule=t
Module(1,1)="cavity(2)’
Module(1,2)="cavity(3)’

Module(2,1)="quadrupole(1)’
Module(2,2)="quadrupole(2)’
Module(2,3)="cavity(3)’

Mod_Efield(1)=0.9
Mod_Phase(1)=-2.0

Mod_zpos(2)=1.5

Mod_xoff(2)=1.0e-3

Mod_xrot(2)=1.5e-3

Mod_Bfield(2)=1.15
/

elements 2 and 3 of the namelist cavity are combined to lmddand elements 1 and
2 of the namelist quadrupole form together with elemenf gh® namelist cavity
module number 2.

The strength of the RF elements of module 1 is scale®0% of their individual
settings and the phase is shifted (in addition tortd&vidual settings) by -2.0 degree.
The strength of magnetic elements of module 2 is isecdéy 15 %. Module number
2 has an offset and is rotated in the x-z plane. Thé&iontaf the module leads to an
additional offset and a rotation of the module elemdefsending on their individual
positions and the longitudinal pivot point of the moduledvizpos. Individual offsets
and rotation angles can still be specified for eaelmeht in the respective namelist.
The program would accept also to scale the strengthFofelements of module
number 2 or to apply offsets to module number 1. Sincamexie 3 of the namelist
cavity is an element of module 1 and module 2 this doesakie sense, however, the
user has to take care of this kind of conflicts.
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4.11.Apertures and Secondary Electron Emission iAstra

The namelist APERTURE (chapter 6.7) allows to ideluapertures and to define

material properties for secondary electron emissircular apertures can be defined

either by a table containing the z-position and ¢bheresponding aperture radius or

internally by keywords for the case of a simpleliowting hole or cylinder. Planar

apertures can be defined internally by keywordy.onl

The boundaries of apertures defined by keywordsdher parallel or perpendicular

to the z-axis.

The z-positions in an aperture table have to bmdreasing order with a minimum

step size of O, i.e. it is not allowed to step bacH create nose-like structures.

The thickness of a collimating wall has to be larger than a &nggarticle step i.e.:
s2v[H

with v being the particle velocity, so that a padican’t pass through the wall in one
step. Especially when secondary emission is athigeapplies also for the case of a
closed structure (radius = 0), so that particleslgst with the condition r >fx and
not with e.g. z <zn. The aperture sketched on the left side of Figoés not ensure
this, while the aperture on the right side does.

Fig. 1 Sketch of closed apertures. The aperturtherieft does not ensure that
particles are lost with the condition r zaf since the closing walls have zero
wall thickness.

4.11.1 Secondary electron emission

Secondary emission of electrons from limiting apex$ can be includeth the
namelist APERTURE.

The Secondary Electron Yield (SEY) is modeledAstra according to the following
function [1]:

SEY( E,)= SE 003 a5
SE_ Epm
SE_ fs—1+(

SE_ fs

SE_fs
Ekin
SE_Ep
SE_ fs=1

Here E,, is the kinetic energy of the impact electron a&#_ d0, SE_ Epmand
SE_ fs are the user defined input parameters to desthbematerial properties.
Fig. 2 displays the secondary yield for variousueal of SE_ fs. While this

parameter describes the functional dependenceeasg¢bondary electron yield on the
impact energy, SE_ d0 and SE_ Epmare scaling parameters which determine the

20



ASTRA User's manual

maximum yield and the impact energy which gives the maxiyieid.

08 o NOR g

osff NN

SEY/SE_dO

oall s T T

SE_fs=1.1

02 T et S S S
SE_fs=1.8
SE_fs=2.0
0 | | | | | | | | |
0 1 2 3 4 5 6 7 8 9 10

Ei/SE_Epm
Fig. 2 Secondary Electron Yield for various parametersfs.

When an electron hits an apertulestra generates a random integer number of
secondaries according to this model function using a &woigsnerator. The macro
charge of the secondaries corresponds to the macrgeclérthe primary electron.
The initial kinetic energy of the secondaries is usénedd. If the sum of the kinetic
energies of all secondaries produced in one event extleeddnetic energy of the
primary electron the kinetic energy of the secondargereduced accordingly. The
secondary electrons are emitted isotropically into haé space over the material
boundary equivalently to the distribution described inptéia7.4.1. An exponential
delay time for the particle emission can be included.

While without secondary emission particles are lostesehat inside the material of
an aperture, the entrance position and hence the emigsgition of the secondary
electrons is corrected to the surface boundary ifregay emission is active.

If an external electric field is applied the secondaectron yield can be increased by
a field enhancement factBras:

R:exp SE_ ff]Dexﬁﬁ—Lffzj[é }Lﬁzj
E 2E

where SE_ ff1 and SE_ ff2 are user defined parameters and E is the absolute value

of the externally applied field at the position andetiaf the emission process [2]. Fig.
3 showsR versusSE_fflfor various values oSE_ff2 The factorR is not applied
when the field is directed into the material.
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Fig. 3 Field Enhancement FactRras function of paramet&E_fflfor various
ratios of SE_ff2to the applied gradieit.

Examples ofAstra simulations including secondary emission can bendo in
references [3]-[5].
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4.12.Data output and organization of output files

Output of the beam emittance and other statistical beamameters is generated if
‘EmitS = True’. For the calculation of statistical fmln parameters the distance
ZStop-ZStart is divided into Zemit intervals. Notetthide Runge-Kutta time step is
adjusted, i.e. reduced if necessary, in order to intertiupttracking close to the
specified locations. (The beam position refers to therame longitudinal beam
position.) This might lead to a reduction of each tistep, i.e. to an increased
accuracy of the calculation, if the intervals arersdrothan the bunch motion in one
time step. A warning is given in this case because thdt refsthe calculation might
depend on a parameter for the output generation if H isnao big.

The complete particle distribution is saved at Zphafferdnt locations if ‘PhaseS =
True'. The distance ZStop-ZStart is divided into Zphagervals and the nearest
location defined by means of Zemit is chosen. It is moended to set Zemit =
n-Zphase,nON. Additional output positions can be specified by specifyiogen
locations (see 6.2). The approximate longitudinal posittdna saved particle
distribution is indicated in the file name as a fowgitdhumber, which corresponds in
general to the rounded beam position in cm. If necessaryrihs for the file name
definition is changed (if the distance of the outputitposs is too small, or if the last
output position is too big). If required the naming conienis changed to a relative
position (i.e. output position minus start position) whishindicated by a warning
message.

In some cases it is desirable to generate output baséidhersteps rather than on
locations. For this purpose the switch T_PhaseS canthieuse A complete particle
distribution is saved in time intervals defined by StepltkMd, where Step_width is a
user defined integer number and H is the Runge-Kutta tirep sthich is
automatically adjusted (between H_min and H_max). In aaé&mit the generation
of output with this option the parameter Step_max caseb#& rStep_width, where n
is the number of particle distributions to be savede Th PhaseS option can be
combined with the PhaseS option.

A log file is generated for each run. In the firsttgat of the log file all namelists of
the input deck containing user specified or default valuesllqfossible parameters
are stored. The output is generated in a system depemdeatf hence this file can
in general not be transformed to a different systenihawit problems. While this
section is somewhat difficult to read, the way thepat is generated allows printout
also in cases of serious errors. In the second pdheolbg file a listing of the names
and z-locations or times of saved phase space distiitsuis stored which is required
by the graphic programostrpo. The third column of the listing contains the solénoi
field value at the location of the saved phase spatehdition.

Astraproduces output on different length scales, time scalesales for the variation
of a parameter, respectively. Table 3 lists genericnlmes, logical switches and the
scale on which data are stored. Table 4 lists the odilputiata structure, i.e. the
parameters that can be found in the different filesr tn@ts and the format of the
files. Note, that the generation of output increasescttimputation time, especially
when it is created on short time scales like tchec# #&ack files. Hence no
superfluous output should be generated when computationgiareissue.
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generic name

logical switc

nh approx. scale

project.ref.run

RefS

Runge-Kutta time steg.H

4

project.track.run TrackS Runge-Kutta time step H
project.Cathode.run| CathodeS Runge-Kutta timeldtep
project.Fields.run automatic | Runge-Kutta time step H
project.tcheck.run TcheckS Runge-Kutta time step H
project.Xemit.run
project.Yemit.run EmitS (ZStop-ZStart)/Zemit
project.Zemt.run
project.Xemit2.run | Lsub_cor (ZStop-ZStart)/Zemit
project.Yemit2.run
project. TRemit.run TR _emitS (ZStop-ZStart)/Zemit
project.Cr_emit.run | Cross_staet | (ZStop-ZStart)/Zemft
Cross_end

project.Sub_emit.run Sub_EmitS (ZStop-ZStart)/Zémit
project.Cemit.run C_EmitS (ZStop-ZStart)/Zemit
project.C99emit.run| C99 EmitS (ZStop-ZStart)/Zemit
project.Larmor.run LarmorS (ZStop-ZStart)/Zemit
project.Sigma.run SigmaS (ZStop-ZStart)/Zemit
project.Density.run DensityS (ZStop-ZStart)/Zemit
project.zpos.run PhaseS (ZStop-ZStart)/Zphase arek8 positiond
project.tstep.run T PhaseS Step_width-Runge-Kintea step
project.Lost_Part.rup LClean_Stack Runge-Kutta time step H
project.Log.run PhaseS Start of the run and

(ZStop-ZStart)/Zphase and Screen positi

or Step_width-Runge-Kutta time step
project E.Log.run Log_ Error Start of the run
project.LandF.run LandFS (ZStop-ZStart)/Zphase &oiéen positions
project.PScan.run Phase scar 1 degree of the RE plh@ach cavity
project.Scan.run LScan (S_max-S_min)/S_numb
project.lab.run LScan
project.Error.run ErrorS run end

run = run number, zpos = z-position, tstep =etstep
1 cavity fields are saved when beam loading or tiegending field options are used.
2 output is generated in addition at Screen positiotsStep_width-Runge-Kutta time step.

Table 3: Generic file names, logical switches acales for the data output with

Astra
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Name 1 2 3 4 5 6 7 8 Forma
ref z t pz dly Larmor angl Xoff Yoff 1P,7E12.
m ns MeV/c dz rad mm mm
MeV/m
track seq. | stat. flag z X y Ez Er, or Ex 0.0, or E! 215,1P,6E12.
numb m mm mm Vim Vim Vim
Cathod z t long. sp. ch. | acc. field or chargt min. grid max grid emission fla 1P, 7E12.4,L
m ns field on cathode nC position position
cathode V/Im Vim m m
Fields z t Cavity gradient (i)i = 1...number of cavities ¢) 1P,NE12.4
m ns MV/m
nr(r nr(z nz(r n
tchect ; r;{s T r ” (2 _nr(y) Ty (r) o, b, Ayz) sgﬁlr:rgegr 1P,7E12.4,11
ar 0-2 yO ar 0-2 D/
Xemit yA t Xawr Xrms X ims € x norm XX aur 1P, 7E12.
m ns mm mm mrad mtmrad mm mrad
Yemit yA t Yawr Yims Y rms € y,norm VY aw 1P, 7E12.
m ns mm mm mrad mtmrad mm mrad
Zemit y4 t Exin Zims AE s € 2nom Z-Fau 1P,7E12.
m ns Mev mm kev mkeV mm keV
Xemit2 z K, K3, gfrd;ged z Kie Kie gfrd;ged %E 1P,7E12.
m mrad m mrad m mtmrad mm mrad m mrad m mtmrad mm
vYemitz z K2z Ksz ey’ K K2 gledueed 2 € 1P,7E12.
m mrad m mrad m mtmrad mm mrad m mrad m mtmrad mm
TRemil Z t gtrace space gtrace space 1 P,4E12
m ns X,rms y,rms
nmmrad mm | Ttmrad mm
Cr_emi z t £ £y ms total active Cross ove 1P,(E12.¢
m ns T mréd mm | Tt mrz;ld mm charge charge
nC nC
Sub_emi z t s £, ms total active charge ol 1P E12.
m ns ntmrad mm | Ttmrad mm charge sub-
nC ensemble
nC
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Cemif z € xnom-, CX_95, Cx_90, Cx_80 € xnom-, Cy_95, Cy 90, Cy 80 € xnorm-, CZ_95, Cz_90, Cz_80 1F,13E12.
m rtmrad mm rtmrad mm mtkeV mm
C98emit z € xnorm-, CX_99.99, Cx_99.9, Cx_99 €y nom. Cy_99.99, Cy 99.9, Cy 99 €,nom., Cz_99.99, Cz_99.9, Cz_99 1P,13E12.
m rtmrad mm rtmrad mm mtkeV mm
Larmot z t avr. Larmor | rms Larmot 1P,4E12.
m ns angle angle
rad rad
Sigme z Exin sigi; (1=1..6, =1..6, 1P,23E14.
m Mev
Density z t Number of particle (i), Particle densit (i) (i =1..5 1P,12E12.
m ns
zpos 1P,8E12.4,2]
tsteﬁ 1P,8I§20.12,2|4
Lost_Par binary
Log file z Bz A50,2D12.
name m T
LandF z Npart2 Q number ol depositec tot. energy 1P,6E12.
m nC lost particled |  energy exchange
J with fields’®
J
PScai phas Exin compressio ,5 / :80 1P,4E12.
deg MeV factor
Scar Scan. z FOM(1) - FOM(10) 1P,12E14.
para m
lak Label forscan and errcplots: X-axis, Y-axis, title A80
Error Run ¢ z FOM(1) - FOM(10) 1P,12E146
m

1 zpos = z-position, tstep = time step; zpos, tatepLost_Part files have the same structure ag lipuibution files, the format depends on usétirsgs.
2 Npart = number of active particles.
3 within the previous z-interval.

Table 4: Data structure of output files.
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4.13.Emittance calculation
The standard emittance calculatiorAistrais based on canonical variables, i.e.:

X, Py bﬁpﬁ%y
- - e
Y By pyzpy‘%x

Z, Edn
wherex, y, zare the particle coordinatgs, py are the transverse particle momenta,
B, is the solenoid field at the particle position dfgl is the kinetic particle energy.
For the solenoid a constant field over the lengththe bunch is assumed, i.e. the
solenoid field value at the center of the bunctaken for all particles in the bunch.
All particles with status flag>1 are taken intacaunt for the emittance
calculation (see Table 2).
A number of options are provided in order to modifig emittance calculation (and
hereby the calculation of spot sizes etc.), whiah be discussed below. For the
definition of the statistical emittance, relatidnsoptical functions etc. see Ref. [1].

4.13.1Influence of solenoid fields

Solenoid fields may introduce an angular momentara beam, which can appear as
correlated emittance contribution. Since the angut@mentum introduced at the
entrance of a solenoid cancels exactly with theulmgnomentum generated in the
exit field of the solenoid, this emittance conttiba should in general be suppressed
in the emittance calculation, otherwise it mightveno smaller emittance diluting
effects inside the solenoid. For the case of a bedmch is generated in a solenoid
field free region, this is achieved by the canohim@mmenta used in the standard
settings ofAstra (The emittance exchange between the transveesgepldue to
coupling in case of a non-rotational symmetric bear, y or py, py will of course
still be seen.)

This approach fails, if the beam is generated iso&noid field (i.e. from an
immersed cathode) and stays inside a solenoid tipetpoint of interest, because the
beam is inside a solenoid but has no angular mamefivhich is sometimes called a
magnetized beam). The option ‘Lmagnetized = Traei be used in order to base the
transverse emittance calculation on ordinary rathan on canonical momenta. Each
variation of the beam size or the solenoid fiel@sgth, which leads to a rotation of
the beam, will however still lead to an emittanoatcibution.

A different approach is realized when the optiontLgot is set true. In this case the
angular momentum of the beam is calculated frororaetation in thex, py, andy, px
phase space and subtracted prior to the emittaaicelations.

4.13.2Correction of a transverse beam tilt

In order to correct the influence of a beam tiltthe x-y plane on the calculated
emittance the switch Lsub_coup can be set truesin#ple rotation of the transverse
plane is applied in this case.

4.13.3Calculation of the projected emittance

The tracking inAstra is based on time steps, i.e. the emittance isulzdéd at a
certain time step with the particles being at défe longitudinal coordinates (non-
local emittance). This leads to a correlated emittagrowth when external fields act
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onto the bunch (Ref. [1]). The emittance of a dardleam entering for example a
guadrupole increases, because the transverse moiet head of the bunch, which
is given by the integral of the field gradient otbe path length, is larger than the
transverse moment of the tail of the bunch, becthiséead has traveled a somewhat
longer path in the field of the quadrupole. Thuiamlike structure opens up in phase
space. Even when the beam is leaving the quadrapsieall emittance contribution
remains, because the head of the bunch has a s@mdifferent transverse size than
the tail, while the transverse momenta are the sdine phase space may again be
described by a fan-like structure. This behavioreiated to the way the emittance is
calculated and describes well-known effects asuiminosity loss due to the so-called
hourglass effect. Most transverse emittance diagsoshowever measure the
emittance at a certain position (= monitor positjothus recording the particle
positions when they pass this position, which medrfferent times. In this way the
discussed correlated emittance contributions vanish

Astra offers two options for the calculation of the daniice at a fixed position of all
particles (local emittance). For the first optidm tlogical switch Lproject_emit is set
true in OUTPUT. With this option the coordinatesadlf particles are projected onto
the average longitudinal beam position prior toghakulation of the emittance, which
gives proper results in field free regions, bull tas correlated contributions inside
external fields. The second option is activated dmtting the logical switch
‘Local_emit = True’ in OUTPUT. In this case therfide coordinates are stored
when passing the monitor position and the emittas@alculated when the complete
bunch has passed the monitor. While this optionidsvall correlated emittance
contributions discussed above, it also has somebdreks. For the calculation of the
longitudinal emittance the longitudinal coordinatee estimated from the time the
particle has passed the monitor position and ilscity. Also saved phase space
distributions represent transverse coordinatesheffarticles when they passed the
monitor position (i.e. like one would measure it fExample on a screen in a real
machine) and estimated longitudinal coordinate®rdlore these distributions should
no be used as input distributions for further tiagk Finally the distance between
monitor positions has to be larger than the bumeigth when this option is active.
Monitors at shorter distance will be skipped.

4.13.4Calculation of the Trace Space emittance

In addition to the standard emittance calculatiohiclv is based on canonical
coordinates the so-called Trace Space emittancealsulated when the option
Tr_emitS is set true. The Trace Space emittantased on geometrical parameters,
i.e. x andx’ ory andy’. Emittance measurements yield in general the T&uace
emittance, since the beam divergence rather than tthnsverse momenta are
measured. The Trace Space emittance differs francé#monical emittance only in
case of a beam with large energy spread and lagem ldivergence. See Ref. [1] for a
detailed discussion.

4.13.5Calculation of the core emittance

Halo particles may have a significant contributtornthe beam emittance. In order to
evaluate the emittance of the core of the beam apon ‘C_EmitS = True’
(‘C99_EmitS = True’) might be set. Based on an amsttance calculation a single
particle emittance can be defined as:

grms = Z gi
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For the calculation of the core emittance the irmlial contributions of all particles to
the rms emittance are calculated and sorted imdsug order. WhilePostproallows

to plot the emittance as function of the percentafjparticles taken into account,
Astra stores the core emittance for 95 %, 90 % and 8(©909 %, 99.90 % and
90.00 %) of all particles along the beam line pexsively. Table 5 shows the core
emittance of a double gaussian particle distribuéie an example and for comparison.

. rms emittance
percentage of particles [arb. units]
100% 1.00
95% 0.80
90% 0.67
80% 0.48

Table 5: Core emittance values of a double gaussaticle distribution.

4.13.6Calculation of the ‘reduced emittance’

Space charge and RF fields can introduce correatattance contributions. Here the
transverse momenta; of the particles are correlated with the longitadiposition
within the bunch. The correlations can be remowed large extent and the so-called
reduced emittance, i.e. an emittance without tloeseelated emittance contributions
can be calculated by replacipg; by:

P =p.~(G+Gs+ Gszr G5 (4.3)
prior to the emittance calculatiosican be either of the transverse coordinatasdy
and z is the relative longitudinal particle position i the bunch. The term in
brackets with the fit coefficient€, — C, describes a curved plane in thke- p,— z

space.Cy is just the average transverse momentum @ndescribes the correlated
beam divergence as in the standard emittance a#tmol C, describes a linear
correlation of the linearly correlated beam diverge to the longitudinal position in
the bunch andC; describes a quadratic correlation of the lineaxdyrelated beam
divergence to the longitudinal position in the burc; is for example introduced by
the time dependence of RF fields but also in bem® élements if a non-local
emittance is calculated (see chapter 4.13.3), wil@approximates correlations as
they are introduced by space charge fields.

The same formalism can be applied to correlatioitb the other longitudinal phase
space coordinate, i.e. the kinetic energy.

When inAstrathe option Lsub_cor is set true the reduced enuttas calculated in
addition to the standard emittance and saved eparsite files. First the correlations
with the longitudinal position are taken into accountaisecond step the correlations
with the kinetic energy are subtracted. In additibe following terms are calculated
and stored:

K2S,z = 0-5[(]:2,2 S:zms Zms

KSS,Z = 0'5[(]:3,2 Sr2ms ims
I<23,E = O'5|:¢:2,Es:_“S E’ms

KSS,E = 0'5[@3,E Sfms Efms

(4.4)
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The difference between standard emittance and esdamittance can in most cases
be approximated by the sum of the absolute valitseaterms in Eq. (4.4). Thus the
terms display the approximate contributions of théferent correlations to the
emittance.

4.13.7Calculation of the emittance excluding cross overaiticles

Particles going through a cross over can increbseetnittance substantially. Astra
checks the crossover of particles within the usefindd beam line section from

‘cross_start’ to ‘cross_end’. The particles staflag is set to 4 and a separate file
containing the emittance of the particle ensemki@ueing particles marked as cross
over particles and the charge carried by the ewtdugarticles is generated. The
algorithm checks whether particles move diagongatiyn one quadrant of a Cartesian
coordinate system into another. It should not l&v@evithin solenoid fields. For this

option the parameter Sub_EmitS has to false.

4.13.8Emittance calculation of a sub-ensemble of particke

In order to calculate the emittance of a sub-ensewiparticles (e.g. all particles in a
slice) the status flag of all particles except tho§the subensemble has to be set to 4
(-2 if starting at a cathode) and the option Subit&mas to be set true in the namelist
OUTPUT. A file containing the emittance of the serisemble and the charge
contained in the sub-ensemble is created in additidhe file containing the standard
emittance calculation of all particles.

4.13.9General redirection of the emittance calculation

For the emittance calculation all particles witatss flags > 1 are taken into account
with standard settings. In order to redirect thettamce calculation to a certain subset
of particles a file named ‘Astra_steering.par’ bade created. The file should contain
the namelist ‘Steering_parameters’, in which thgidal array Stat(2,-100:100) can be
redefined. The first index of the Stat array isaw 2 (index 1 = 1 is for internal use
only). The second index numbers of the Stat arcayespond to the status flags as
defined in Table 2. Particles with status flagsMuch the corresponding Stat array
entry is true will be taken into account in the gamice calculation. Hence, for the
standard settings Stat(2,) is false fatr 1 and true for | > 1. If necessary it is possible
to use free status flags in order to mark a subtetrticles (e.g. flag -2 and 4) and
redirect the emittance calculation to this subset.
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5. Graphics programs

While the programéineplot andpostproallow to visualize output produced Bytra
andgeneratorthe progranfieldplot allows to visualize electric and magnetic fields o
beam line elements as they are use@stra. Fieldplot uses the same subroutines as
Astra and is hence a tool to control the correct setbphe input deck and the
correctness of field maps and field tables. Furtiee it is possible to view space
charge fields of any particle distribution witieldplot and to control the setup of the
space charge grid. It is highly recommended to doad the graphics programs,
especiallyfieldplot, and to make use of these options.

The graphics programs are based on the subroutickkage PGPLOT In general it

is, however, not necessary to install the PGPL¥Fautine library.

5.1.Running the graphics programs on Windows PC systems

The programs run on all windows systems from Wingd®& to Windows XP with
standard settings.

The position and size of the graphics windows carclianged with the mouse. The
last settings will be automatically stored in thaveonfig.dat file and used as input
the next time a graphics program is started. The wonfig.dat file should not be
copied between PC’s with different screen size. (eagptop and Desktop PC). Delete
the win_config.dat file in case of problems.

5.2.Running the graphics programs on Linux/UNIX systems

Besides the graphics programs the font file ‘gridat and the PGPLOT windows

server (pgxwinserver) have to be downloaded andptitth names have to be set
accordingly. In case of problems it is advisabl@dsvnload and install the PGPLOT
subroutine package.

The size and position of the two graphics windovesy de predefined in the

Xresources file. The windows have the numbersd@l102. Position and resize the
windows with the mouse and extract the geometrgrmétion with the command

‘xwininfo’. The entry in the .Xresources may thewok like:

pgxwin.win101.geometry: 274x660-18+10
pgxwin.win102.geometry: 274x660-18+10

pgxwin.server.visible: False

The last entry suppresses an icon for the pgxwieser

5.3.The win_config.dat file

The win_config.dat file is created by the graphicegrams on first use. It contains
some basic settings for the graphics routines éenrtiimelist WIN_CONFIG and the
position and the size of the graphic windows fonudiws PCs.

The settings in the namelist WIN_CONFIG may be gleanby the user.

1 PGPLOT is a graphics subroutine library freelyitlie for non-commercial use. For downloading
and further information see: http://astro.caltedh/etjp/pgplot .
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5.4. The namelist WIN_CONFIG

Parametet Specificatior Unit Default Value

Fixed Logical FALSE
only for Windows PC versionf true, actual window size and poon settings
will not be stored.

Line_width | Intege | | 2
scaling factor for the line width of the plc

Character_height | Rea | [ 1.2
scaling factor for the character height of pl

Color_mode | Intege | | 2
defines the color scher for color maps. Color maps are used default in
postpro if the particle number is larger than 10000 andsome parts o
fieldplot (The color schemes are copied from PGPLOT deino 4.
color_mode =1 gray scale
color_mode =2 rainbow
color_mode =3 heat

Contrast | Rea | [ 1.C
contrasiof color maps

Brightness | Rea | [ 0.
brightness of color may"

Plot_mode | Intege | [0
defines whether particle distributions shall bettgld with symbols or as col
maps inpostpro
Plot_mode = 0 color maps if more than 10000 giadi symbols else
Plot_mode =1 symbols
Plot_mode = 2 color maps

Win101_Scall | Rea | [ 1.0
only for Windows PC version.caling factor for window 1C.

Win102_Scall | Rea | [ 1.C

only for Windows PC version. Scaling factor for wow 102

1

To reverse the sense of a color scheme, reveessigh of Contrast and set Brightness to

1 — Brightness.

32



ASTRA User's manua

5.5.The program lineplot

The programlineplot allows to display a number of beam parametershasbeam
emittance, the bunch length etc. versus the lodotd beam position or versus a
scanned parameter. Start the program with ‘linejpodject name],[run number].
The project name is the name of #stra input file. If no project name is specified
the default name ‘rfgun’ is assumed. The run nuniises to be separated from the
project name by a comma without blanks. (Precedergs can be omitted.) If no run
number is specified run number 1 is assumed. Whatirng) the code two windows,
one for displaying and one for selecting from thenon will open. The menu contains
only ‘dishes’ of which parameter files exist, i EEmitS = False’ has been chosen in
the Astrainput file no emittance plot will be offered. Byiaking with the left mouse
button onto the circles different parameters cardisplayed. By clicking onto the
word ‘menu’ different menus will be shown. Noteathadditional text information
will be displayed in the window from whidmeplot was started or in a third window
in the Windows version. Here also input might bguessted.

55.1Menu 1 of 4

1 Trans. EmittanceDisplays the horizontal (black) and vertical (red)s emittance
of the beam along the z-axis. See chapter 4.18dtails on the emittance calculation.

2 rms Beam Sizéisplays the horizontal (black) and vertical (red)s beam size of
the beam along the z-axis.

3 rms Beam Divergencedisplays the horizontal (black) and vertical (remths
divergence of the beam along the z-axis.

4 Long. EmittancebDisplays the longitudinal rms emittance of the besdang the z-
axis. The calculation is based on a statisticak@gpgh equivalent to the transverse
case.

5 rms Bunch LengtiDisplays rms bunch length of the beam along th&iz-

6 rms Energy Spreadisplays the rms energy spread of the beam alomg-axis.

7 cor. Energy SpreadDisplays the correlated part of the energy sprafathe beam
along the z-axis.

8 average EnergyDisplays the average energy of the beam along-thasz
9 Patrticle velocityDisplays the average velocity of the beam alongzthgis.

10 Reference particle momentudisplays the momentum of the reference patrticle
along the z-axis. The data are based on the dirgjle particle tracking iAstra

11 dp/dz:Displays the momentum gain of the reference gdaréitong the z-axis, i.e. it

reproduces the accelerating field as seen by thigclea The data are based on the
first, single particle tracking iAstra
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12 Ref. patrticle trajectoryDisplays the off-axis trajectory of the referenctple
along the z-axis. The data are based on the $rsfle particle tracking idstra i.e.
without space charge.

13 Larmor angle:Displays the Larmor angle of the off-axis trackmigthe reference
particle. Plots for the average Larmor angle amrths Larmor angle (see Table 4)
are not provided.

14 Trajectories x vs. z; y vs. Risplays the trajectories of the probe particlesngl
the z-axis in cartesian coordinates. At maximum tt8f@ctories can be displayed.

15 Trajectories r vs. z; x vs. 1isplays the trajectories of the probe particlesngl
the z-axis in cylindrical coordinates. At maximu®0lirajectories can be displayed.

16 Space charge fieldsDisplays the space charge fields (Er and Ez for 2D
calculations, Ex and Ey for 3D calculations) actorgo the probe particles along the
z-axis. At maximum the fields of 100 particles d@ndisplayed.

17 include geometryAllows to include a sketch of the beam line apertunto any
plot. A file in accordance to an aperture file (sbapter 4.11) is required.

18 ZOOM:Allows to zoom into all plots. Coordinates of tHeseissa are requested.

19 fit, save & read:Opens the sub menu ‘fit, save & read’, which allowsfit a
number of analytical functions to the presentlyptiged data. The data may also be
saved to a reference file or red from a referefleefdr comparison, respectively. The
fit, save & read menu is not accessible from altsl

20 to file: Generates a post script file of the present plot.

21 overview to fileGenerates a post script file which contains thet frplots of the
menu on one page. Uses default names for the files.

22 next runincreases the run number by one.
23 previous runDecreases the run number by one.

24 Exit: Exitslineplot
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5.5.2Menu 2 of 4

1 Energy vs. Phasdisplays the energy gain versus the RF phasellf@cawgities in
one plot. See chapter 4.8.

2 dE/dz vs. Phaséisplays the derivative of the energy gain vergws RF phase,
which is proportional to the correlated energy spliefor all cavities. See chapter 4.8.

3 Compression factor (zPisplays the ratio of the final bunch length, e¢.the exit
of the cavity to the initial bunch length, i.e. e entrance of the cavity for all
cavities. In case of a gun cavity, the initial brdength is replaced by the emission
time times the velocity of light. See chapter 4.8.

4 Compression factor (timeRisplays the ratio of the final bunch length to thital
bunch length times the inverse ratio of the patielocities for all cavities. In case of
a gun cavity, the initial bunch length is replatsdthe emission time. See chapter 4.8.

5 Particle loss:Displays the number of lost particles per metenglthe z-axis. The
intervals are determined by the parameter Zphase.

6 Energy depositionDisplays the energy deposited in the surroundingctire by
lost particles per meter along the z-axis. The ruatls are determined by the
parameter Zphase.

7 Beam loadingDisplays the total energy exchange of the bundh external fields
per meter along the z-axis. The intervals are datexd by the parameter Zphase.

9 Sp. ch. scaling factordisplays the space charge scaling factors as idedcm
chapter 4.4.7.

10 Sp. ch. scaling counteRisplays the space charge scaling counter asibedcin
chapter 4.4.7.

11 Average time steisplays the average Runge-Kutta time step betwepdates of
the space charge fields.

12 p-function: Displays the optical beta functioressuming electrons determined

2
as: B, = Hims
£

X,rms

13 a-function: Displays the optical alpha functioresssuming electronsdetermined

XX’
. — _ avr
as.a, =——2L[B,
ms

14 phase advancédisplays the phase advanessuming electronsdetermined as:

1
QZIE
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54 coherence lengtiDisplays the coherence lengthedéctrons determined as:
ho
L. = X

‘ rT]()C‘;':n,rms
18 — 24:See chapter 5.5.1.

5.5.3Menu 3 of 4

1- 10 left FOM(1) to FOM(10)Displays the result of a scanning procedure adcgrd
to theAstrainput deck. See chapter 6.3.

1 - 10 right Err. FOM(1) to Err. FOM(10)Histograms of error scans according to the
Astrainput deck. See chapter 6.5.

11 left position:Displays the longitudinal position at which thdues of FOM(1) to
FOM(10) were saved.

11 right Err. position:Displays the longitudinal position at which thdues of Err.
FOM(1) to Err. FOM(10) were saved. It should beoastant, if the beam was not lost
during the runs.

15 change number of bindllows to change the number of the bins in thédgsams
of error scans.

16 change titleAllows to change the labels and the title of tisplhyed plot.
18-24:See chapter 5.5.1.

5.5.4Menu 4 of 4

1 reduced emittance zDisplays the emittance without correlations withet
longitudinal particle position as described in 4613

2 reduced emittance z & EDisplays the emittance without correlations witte t
longitudinal particle position and the particle eyyeas described in 4.13.6.

3 emittance differenceDisplays the difference between standard emittazice
reduced emittance.

4 cor. emittance contributions Xisplays the correlated emittance contributions as
defined in Eq. (4.4).

5 cor. emittance contributions Yisplays the correlated emittance contributions as
defined in Eq. (4.4).

6 Trace Space emittancd®isplays the Trace Space emittance together with t
canonical Phase Space emittance. See chapter.4.13.4

7 horizontal core emittancéisplays different levels of the horizontal coraittance.
See chapter 4.13.5.
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8 vertical core emittancedisplays different levels of the vertical core &amce. See
chapter 4.13.5.

9 long. core emittanceDisplays different levels of the longitudinal coeenittance.
See chapter 4.13.5.

10 Emittance w.o. cross over particles Sub-ensemble emitanc®isplays the
emittance without cross over particles or the eanite of a sub ensemble of particles.
See section 4.13.7 and 4.13.8.

11 Charge of cross over particles Charge of sub-ensembl®isplays the charge
carried by the cross over particles or by the sudemble. See section 4.13.7 and
4.13.8.

13 Ez on cathodeDisplays the longitudinal electric field in thenter of the cathode
vs. time during the emission from a cathode.

14 charge vs. timeDisplays the development of the emitted chargetivge during
the emission from a cathode.

15 Position v. timeDisplays the position of the head and the taihefibbunch and the
average bunch position vs. time during the emiskimm a cathode.

18-24:See chapter 5.5.1.

5.6.The program postpro

The progranpostproallows to display different phase space plots tngerform a
detailed phase space analy$isstprorequires as input arguments the project name,
the run number and the z-position to be displayetiestart up. Withirpostproone
can step through the different z-positions at whleh phase space distributions have
been saved and through the different run numbernssiMy input arguments are
completed by the default values:

project name: rfgun

run number: 001

z-position: last saved distribution in the run
Thus valid calls are:postprd, ‘postpro name’,'postpro hame,run ‘ postpro.zpos’,
‘postpro name.zpos,rurdr ‘postpro name.zpos.run(Here name is the project name,
zpos represents a four digit number for the z-pwsiand run represents the run
number. Preceding zeros can be omitted in the wmber.) If no file with the
specified z-postion can be found, the next avaldité with a higher z-position will
be opened. Finally it is possible to display anstribution with the extensiohini’ ,
e.g. input files generated lggnerator.
When starting the code two windows, one for disipligyand one for selecting from
the menu will open, even if no data exists for specified arguments. By clicking
with the left mouse button onto the circles diffdrephase space plots can be
displayed. Note, that additional text informatioill e displayed in the window from
which postprowas started or in a third window in the Windowssien. Here also
input might be requested.
Particle distributions are plotted either with syt or in form of a color map,
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depending on the settings in the win_config filed afne number of particles,
respectively. With standard setting only particlesh status flags> -6 are plotted,
except for ‘z-plot’, which will show all particle@ncl. lost particles) and plots in the
sub menus ‘Slice Emittance’ and ‘Phase Space @sta/ell as ‘core emittance’ plots
for which only particles with status flags >1 aa&en into account.

For the plots with symbols a color and symbol c@dased referring to the particle
status as shown in Table 6.

Particle status Status flag color & symbol
secondary particle >5 green circle
normal particle 2,3,5 black star
marked particle 4 red star
passive particle 0,1 green plus sign
particle at the cathode -1to -6 brown cross
particle lost on aperture -12 to -25 red dot

lost particle -26 to -30 blue circle

lost particle <-30 blue star

Table 6: Color and symbol code fpostproplots.

Plots having the time as one coordinate show thestom time if the particles are not
yet started (status flags -1 to -6) or a time whishcalculated from the relative
longitudinal particle position and the average ltmdjnal velocity of the bunch
(status flag > 0). A warning is given in case ahixed distribution.

Equivalently to the redirection of the emittancdcatation in Astra (chapter 4.13.7)
the emittance calculation and the display conditiean be redirected to different
status flags irpostpra A file named ‘Plot_steering.par’ has to be crdat€he file
should contain the namelist ‘Steering_parametens’,which the logical array
Stat(2,-100:100) can be redefined. With the firgteix set to 2 only plots in the sub
menus ‘Slice Emittance’ and ‘Phase Space Cuts’elsas the ‘core emittance’ plots
will be affected, while with the first index set 1oall other plots except ‘z-plot’ will
be modified. The second index numbers of the $tay@&orrespond to the status flags
as defined in Table 2. Particles with status fleg@/hich the corresponding Stat array
entry is true will be plotted.

In the case of particle distributions with userided particles also the parameter
ion_mass needs to be specified in the namelisefiig parameters’ in the same way
as in NEWRUN (6.1) or thgenerator(7) input deck.

In the case of mixed particle distributions it @spible to plot particles in accordance
to the particle index rather than to the statug f@nly in combination with
Plot_mode =1 (see 5.4). For this purpose the ar€zfy ind_1 to CP_ind_15 can be
defined in the namelist ‘Steering_parameters’. @8 _1 to CP_ind_4 correspond to
particle indices 1 to 4 (electrons, positrons, pnst and hydrogen ions) while
CP_ind_5 to CP_ind_14 correspond to ion_mass(igrtomass(10). Note that mass
proportional results (energy and momenta) are nliwgth to the charge stat&or
each array three numbers (between 0 and 1) carefieed corresponding to the
intensity of the RGB (red, green, blue) colors. .BEagth CP_ind_1 = 1.0, 0.0, 0.0,
CP_ind_2 = 0.5, 0.5, 0.5 all electrons with valattcle status will be plotted in red,
while all positrons with valid particle status wile plotted in grey. Particles will not
be plotted if the color setting is black (0.0, M@).
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5.6.1Menu 1 of 2

1 Trans. phase spacdisplays the horizontal and vertical phase spaoce the
projection onto the horizontal and vertical spaxis.a

2 Long. phase space (Displays the longitudinal phase space, the priojpainto the
longitudinal space axis and the momentum distradwuti

3 Long. phase space (timd@)he same as plot 2 but with the time as coordimstead
of the z-position.

4 Front, Top & Side viewDisplays a view of the bunch from different directs.

5 Front, Top & Side view vs tim&he same as plot 4 but with the time as coordinate
instead of the z-position.

6 core emittanceDisplays the transverse and longitudinal rms emdé as function
of the number of particles taken into account. Septer 4.13.5.

7 slice emittanceOpens the sub menu ‘Slice Emittance’. See chapéeB.5

8 transverse core brightnesBisplays the transverse brightness definedgﬁ%ﬁ as
function of a radial aperture cut. -

10 z-plot:Displays the position of all particles along tleain line.

11 phase space cut®pens the sub menu ‘Phase Space Cuts’. See chapier

12 fit, save & readSee chapter 5.5.1.

13 forward: Moves to the next higher saved beam position. Ateéhd of the beam
line postprocircles back to the first saved distribution.

14 backward:Moves to the previous saved beam position uphéthteginning of the
beam lingpostprocircles back to the last saved distribution.

15 to file: See chapter 5.5.1.

16 next run:See chapter 5.5.1.

17 previous runSee chapter 5.5.1
18 Exit: Exits postpra

5.6.2Menu 2 of 2

Menu 2 allows to select parameters for particldritistion plots. The first choice
determines the parameter of the abscissa, the dedurice determines the parameter
of the ordinate. Projections onto both axes canattdéed by pushing theadd
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projections button. Subtracting a linear correlation from thdotted particle
distribution often allows visualizing details mariearly. As in the previous menu it is
possible to move forward and backward within thead# one run, go to the next or
to the previous run etc.

In order to overlay particle distribution plotsi# possible to save and read particle
distribution plots in the sub mentit, save & read’ This option is only accessible if
no projections are added. When the Plot_mode =r20(avith high number of
particles) is activated the color scheme of therlaie distribution is reversed in order
to increase the contrast. In Plot_mode =1 (or thh\wiw number of particles) the
overlaid distribution is plotted in black (see 5.4)

5.6.3Sub menu ‘Slice Emittance’
1 slice emittancebDisplays the emittance of longitudinal slicestad bunch.

2 mismatch parameterDisplays an optical mismatch parameter defined as:
G :%[,Boyi -2aa +y,4] =21, wherea, 3 and y are the Courant-Snyder parametéos,
electrons, of the projected phase space (indeand of the individual slices (inde)
respectively. See Ref. [1].

3 slice energy spreadisplays the energy spread of longitudinal slicEthe bunch.

4 projected emittanceDisplays projected rms slice emittance ellipses.

5 z-projection: A line plot showing for examplef’%zrms Xms and px/pzavr.; Xaur.
versus the longitudinal position.

6 3D ellipses:A 3D plot of therms slice emittance ellipses, which can be oriented
with the two slide bars below.

7 X-pX; y-py; X-py; y-pxToggles between different phase space projectidcis on
plot 4 - 6.

8 w.r.t. position: If green the bunch is cut into slices with redpgecthe longitudinal
position.

9 w.r.t. energyif green the bunch is cut into slices with resgedhe bunch energy.

10 change number of slicegllows to change the number of slices for the eslic
emittance calculation. Note, that the slices atecsed such, that they contain all the
same number of particles. In case of equal chaeg@article all slices have hence the
same statistical weight and error. On the otherdhhave the slices in general a
different length.

11 subtract linear correlationSubtracts a linear correlation from the plottecgsh
space ellipses. Acts on plot 4 - 6.

12 change cor. energyAllows to vary the correlated energy spread of plagticle
distribution.
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13 forward: See chapter 5.6.1.

14 backward:See chapter 5.6.1.

15 data to file:Prints data of the slice emittance calculation mtext file.
16 plot to file:Generates a post script file of the present plot.

17 next run:See chapter 5.6.1.

18 previous runSee chapter 5.6.1.

19 Exit sub menuReturns to main menu.

5.6.4Sub menu ‘Phase Space Cuts’

In the sub menu ‘phase space cuts’ different catshe transverse and longitudinal
particle distribution can be applied. (Only a fewspibilities haven been realized yet.)
Two classes of cuts are offered. Optimized cutsi@sgjinput of an interval parameter,
for example the final bunch length, to which thetdbution shall be cut. The cut is
applied in a way that the number of surviving e is maximal. The second class
of cuts requires the positioning of cut levels witle mouse. Note, that some cuts
involve an iterative procedure, since the parttitribution will be re-matched after a
cut is applied. Hence, the plots may change thgmeearance during the cut
procedure. A thin grey frame around the plot intBsathat input with the mouse is
requested. The functions of the mouse buttonssafellaws:

left button: select an arrow; if selected: positarrow.

right button: release arrow; if released: quit vand
Particles which have been cut are displayed infeerdnt color first. They will
disappear from the plots only after selecting tecept changedutton. All cuts can
be reversed by pushing theject changedutton.
A new particle distribution may be saved for furtheacking before leaving the sub
menu. An exemplary application of phase spaceisutaind in Ref. [2].

References

[1] P. Emma, W. Spence ‘Grid Scans: A transfer mapraiatc’ PAC 1991.
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[2] K. Floettmann ‘Preparing the decision: Conventiomalsus undulator based
positron source’ EUROTeV-Report-2005-015.
http://www.eurotev.org/e158/e1365/e1378/e1997/EUR®OReport-2005-

015.pdf
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5.7.The program fieldplot

With the progranfieldplot the electric and magnetic fields of beam line @pts as
well as the space charge field of saved particktridutions can be displayed.
Fieldpotrefers to theAstrainput file, i.e. only the project name has to pecfied as
input argument.

When starting the code two windows, one for disipligyand one for selecting from
the menu will open. By clicking with the left moubatton onto the circles different
plots can be displayed. Note, that additional infation will be displayed in the
window from whichfieldplot was started. Here also input might be requested.

5.7.1Menu

1 Cavity fields:Displays the amplitude of the longitudinal electfield of all TM
mode cavity fields in the beam line. By clickingtorinext page’ the transversal
electric field amplitude, the azimuthal magnetieldi amplitude and the field
expansion radidg(for field tables only) can be displayed.

2 TE mode fieldsDisplays the amplitude of the longitudinal magodild of all TE
mode fields in the beam line. By clicking onto ‘hgyage’ the transversal magnetic

field amplitude, the azimuthal electric field anipde and the field expansion radius
(for field tables only) can be displayed.

3 Dipole mode fieldsDisplays the amplitude of the transverse magretid of all
dipole mode fields in the beam line. By clickingt@rinext page’ the transversal
electric field amplitude and the longitudinal elgctand magnetic field amplitude can
be displayed.

4 Solenoid fieldsDisplays the longitudinal magnetic field and tadial field gradient
of all solenoids in the beam line in one plot. Biclang onto ‘next page’ both
components can be displayed alone and the fieldresipn radiusis displayed.

5 Quadrupole fields:Displays the horizontal and vertical field gradieof all
guadrupoles in the beam line. By clicking onto hpage’ the longitudinal magnetic
field and a combined plot of all components cawlisplayed, respectively.

10 Space charge field®pens the sub menu ‘Space Charge Fields. Seeectapt2.
11 include geometrySee chapter 5.5.1.

12 fit, save & readSee chapter 5.5.1.

13 ZOOM:See chapter 5.5.1.

14 next pageSwitches between different field components to ibpldyed.

15 to file: See chapter 5.5.1.

! See chapter 8.
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16 Exit: Exitsfieldplot

5.7.2Sub Menu ‘Space Charge Fields’

Sub menu for the graphical presentation of the esmdarge fields as calculated by
Astra The development of any field component along direction at different
offsets in the orthogonal direction is shown. Theeg hatched area in the lower part
of the plot indicates the extension of the buneld; broken lines show the grid cells.
A blue solid line indicates the position of the leade, if defined and if the mirror
charge is not taken into account. If the mirror rgeacontribution is taken into
account the area behind the cathode is coveredhyearectangle.

Within the sub menu it is possible to change gadameters, scale the energy of the
particle distribution and switch between differestlvers (2D - 3D). The menu
changes accordingly; below only the menu for thesBer is explained.

When started, the field components of the statridigion as defined in the input
deck will be shown. (Particle distributions to benitted from a cathode have no
longitudinal extension; hence no space charge @aldbe displayed.) Selechange
distribution’ to load any saved particle distribution with in@uguments as used for
postpro(chapter 5.6).

1 Er: Displays the radial electric field component of 8pace charge field.
3 Ez:Displays the longitudinal electric field componeithe space charge field.

5 Bfi: Displays the azimuthal magnetic field componemies the velocity of light of
the space charge field.

7 Er eff:Displays Er {3c-Bfi.

8 change number of line®llows to change the number of lines to be dispthy
(default = five). Each line represents the fieldnpmnent at a different offset in the
orthogonal direction. The offsets are equally distied between plus/minus two
times the rms-width.

9 radial: Field components are shown as function of theatautisition.

10 longitudinal:Field components are shown as function of theitad@al position.

11 change gridAllows to change the number of radial and longatigrid cells and
of the cell variation. See chapter 4.4.1.

12 merge cellsAllows to merge grid cells. See chapter 4.4.2.

13 suppress grid linesSuppresses the display of gridlines in the plot.

14 scale energyAllows to scale the energy for a given distribution

15 mirror charge on/offSwitches the contribution of the mirror chargethie space

charge field on or off. In general it will be nesasy to specify the position of the
cathode plane.
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16 velocity profile:Displays the residual velocity componens S, ,.and S, in the

average rest system of the bunch. The componeatavaraged over the volume of
the grid cells. Select several times to displaydifierent components.

17 charge densityDisplays the charge density averaged over thenvelaf the grid
cells.

18 line charge densityDisplays the line charge density. Like the chaigasity this
plot is based on the grid parameters.

19 3D calculation FFT solverSwitchesto a 3D calculation of the space charge field
using the FFT solver.

20 change distributionAllows to change the particle distribution to beplayed.
21 forward: See chapter 5.6.1.

22 backward:See chapter 5.6.1.

23 to file: See chapter 5.5.1.

24 next run:See chapter 5.5.1.

25 previous runSee chapter 5.5.1.

26 Exit sub menuwReturns to main menu.
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6. Input namelists foAstra

6.1. The namelist NEWRUN
The namelist NEWRUN contains basic instructionstif@rtracking.

==

Parameter Specification Unit Default Value

Version Intege 1
controls the structure of the input d

Heac | Character*8 | |
header line for protocc

RUN | Intege | [ 1
the RUN number is used as extension for all oufibes (se Table 3). It is
automatically incremented if a LOOP is specified.

LOOP | Logical | | FALSE
see chapti4.<.

NLoop | Intege | |
see chapti4.<.

Distribution | Character*8
name of thénitial particle distribution, see chapte2 and3.

ion_mass( | Real*8 Array | | 0.C
the mass divided by the charge state of user defppaaticles. Negativel
charged particles are defined by a negative vafubeion_mass parametd
Particle index 5 — 14 in the input distributionefitefer to ion_mass(1) — (14
Mass proportional results (energy and momentaharmalized to the charg
state!

N_red | Intege | | 1
if > 1 only every N_re™ patticle of the distribution is used. The charge &
particles is scaled accordingly.

Xoff | Real*¢ | mm | 0.C
horizontal offset of the input distribution. ActivieXoff # 0.0

Yoff | Real*€ | mm | 0.C
vertical offset of the input distribution. ActiveYoff #0.0

Zoff | Real*€ | m | 0.C
longitudina offset of the input distribution. Active if Zof# 0.0

Toff | Real*€ | ne | 0.C
timing offset of the input distribution. Awve if Toff # 0.0

Xrms | Real*€ | mm | -1.C
horizontal rms beam size. Scaling is active if Xrn3.0

Yrms | Real*€ | mm | -1.C

vertical rms beam size. Scaling is active if Yrm8.6
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XYrms | Real*¢ | mm | -1.C

horizontal ancvertical rms beam size. The ameter XYrms has priority ove
the parameters Xrms and Yrms.

Zrms | Real*€ | mm | -1.C

rms bunch length. Scaling is active if Zrms >

Trms | Real*€ | ne | -1.C

emission time of the bunch. Scaling is active ih$r> 0.C

Tau | Real*€ | ne | 0.C

exponentiadelay time of the emission. Active if Ti£ 0.0. Note that the dele
time is random and might interfere with the quasidom nature of an inp{it
distribution.

cor_px | Real*€ | mrac | 0.0

correlated divergence of the bunch. Scaling isvadficor_px# 0.0

cor_py | Real*€ | mrac | 0.0

correlated divergence of the bunch. Scaling isvadficor_py# 0.0

Qbunch | Real*€ | nC | 0.C

bunch charge. Scaling is active if Qburxch.O.

SRT_Q_Schottky | Real*€ | nC-(M/MV) 7> | 0C

variation of the bunch charge with theuare root of the field on the catho
Scaling is active if SRT_Q_Schottky0.0.

Q_Schottky | Real*¢ | nCm/MV [0.C
linear variation of the bunch charge with the field the cathode. Scaling
active if Q_Schottky 0.0.

debunch | Real*€ | [ 0.C
‘debunchd’ particles, i.e. particles with a distance to thench cente
exceeding debunctr, are passivated, i.e. their status will be set tor Q.
Debunch is defined relative to the rms bunch lengtnce it should not be
used close to the cathode whergcan be zero. The procedure is active when
debunch it 0.0

TRACK_ALL | Logical | | TRUE
if false, only the reference particle will be trad

AUTO_PHASE | Logical | | TRUE
if true, the RI phases will be set relative to the phase with marinenergy
gain.

PHASE_SCAN | Logical | | FALSE
if true, theRF phases of the cavities will be scanned betweerdB&60 degree
Results are saved in the PScan file. The trackatgd®en cavities will be donfe
with the user-defined phases.

check_ref_part | Logical | | TRUE

if true, the run will be interrupted if the referena@tjele is lost during the «
and off-axis reference particle tracking.
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L_rm_back | Logical | | FALSE
if true, particles are immediately discarded wheeytstart to travel backwarc
If false, backward traveling particles are onlyodisied when they pass the
lower boundary Z_min. Note, that in some cases 4pblathe particles cgn
change the direction of motion several times, kefotting a boundary.

Z_min | Real*¢ | m |
lower boundary for discardincarticles. If Z_min is not specified by the use
is automatically set by the program assuming tlaatighes are supposed [o
travel in positive Z-direction.

Z_Cathode | Real*€ | m
position of the cathode for the calculation of thieror charge. If ZCethode is
not specified by the user it is automatically sgthe program to the minimgl
particle position provided the bunch is emittedrfra cathode.

H_max | Real*€ | ns | 0.007
maximum time step for the Rur-Kutta integration

H_min | Real*€ | ne | 0.C
minimum time step for the Run-Kutta integration and min. time step for 1
space charge calculation. During the emission po@®m a cathode the timje
step is forced to H_min. If zero H_min is set auttically based on thg
parameter N_min (hamelist CHARGE) in accordandeédo(4.1).

Max_stef | Intege | | 100 00
safety termination: after Max_step Runge_Kuttasthp run is terminate

L monitor | Logical | | FALSE
if true, the particle number and average position ilfdported on every tirr
step. For diagnostics only, slows down the caleiat

Lprompt | Logical | | TRUE

only for Windows PC version. If true a pause stastis included at the er
of the run to avoid vanishing of the window in ca$an error.
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6.2. The namelist OUTPUT
In the namelist OUTPUT specifications for the gatien of output are defined.

Parametet Specificatior Unit Default Value

ZSTART Real*¢ m 0.C
minimal z postion for the generation output, tracking may start at #
ZSTART according to the definition of the initisdnicle distribution.

ZSTOP | Real*€ | m | 0.2
tracking will stop when the bunch center passes@=

Zemit | Intege | | 10¢
the interval ZSTO-ZSTART is divided into Zemit subintervals. At the end
each subinterval output of line-typ is generated.

Zphase | Intege | [ 1
the interval ZSTO-ZSTART is divided into Zphase subintervals. At #mel of
each subinterval a complete particle distributeisaved. It is recommended |to
set Zemit = n-Zphasen[ON .

Screen( | Real*8 arra | m |
additional position for the generation of out

Step_width | Intege | [0
output generation based on time steps rather tmamositions. Output i
generated every Step_width - time step.

Step_ma | Intege | [0

terminates output based on Step_width. Run mayiragntif Max_step :
Step_max.

Lproject_emit

Logical | | FALSE

if true, the transverse particle positions of altiles will be projected io a
common plane at the longitudinal bunch center msjprior to the calculatio
of the emittance, spot size etc. See section 4.13.3

Local_emit

Logical | | FALSE

if true, the transverse patrticle positions of attcleswill be recorded whe
passing the output position plane prior to thedation of the emittance, sp
size etc. The longitudinal particle coordinatesoirtput files are recalculate
based on times and velocities and are only apprbemHence distribution
saved with this option should not be used as infistributions for further
tracking! The distance between subsequent outpsitipms has to be large
than the bunch length, or they will be skipped. Sasstion 4.13.3.

U =

=

Lmagnetizec

Logical | FALSE

if true, solenoid fields are neglected in the chdtan of the beam emittan:
See section 4.13.1.
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Lsub_rot | Logical | FALSE
if true Lmagnetized will be set true and the ratatdf the bunh is subtracte
based on the actual rotation of the bunch rathan tby the canonicg
momentum. See section 4.13.1.

Lsub_coug | Logical | | FALSE
if true a rotation angle of the transverse beant gflbbe corrected before e
emittance is calculated. See section 4.13.2.

Lsub_cor | Logical | | FALSE
if true the reduceemittance is calculated in addition to the standenittance
See chapter 4.13.6.

RefS | Logical | | FALSE
if true, output files according to Table 3 and Eadlare generated.

EmitS | Logical | | FALSE
if true, output files according tTable 3 and Table 4 are generate See
section 4.13.

C_EmitS | Logical | | FALSE
if true, output files according tTable 3 and Table 4 are generate See
section 4.13.5.

C99 _EmitS | Logical | | FALSE
if true, output files according tTable 3 and Table 4 are generate See
section 4.13.5.

Tr_EmitS | Logical | | FALSE
if true, output files according tTable 3 and Table 4 are generted See
section 4.13.4.

Sub_Emits | Logical | | FALSE
if true, output files according tTable 3 and Table 4 are generate See
section 4.13.8.

Cross_stari | Rea | [ 0.C
start point for detecting cross over parti (Sub_EmitS = Fals. See sectiol
4.13.7.

Cross_en( | Rea | [ 0.C
end point for detecting cross over parti (Sub_EmitS =False) See sectiol
4.13.7.

Phase! | Logical | | FALSE
if true, output files according Table3 andTable4 are generate

T_Phase! | Logical | | FALSE
if true, output files according Table3 andTable4 are generad.

High_res | Logical | | FALSE

if true, particle distributions are saved with ieased accura. SeeTable4.
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Binary | Logical | | FALSE

if true, the particle distributions is saved in doin format
TrackS | Logical | | FALSE

if true, output files according Table3 andTable4 are generate
Tchecks | Logical | | FALSE

if true, output files according Table3 andTable4 are generate
Cathodes | Logical | | FALSE

if true, output files according fTable3 andTable4 are generate
LandFS | Logical | | FALSE

if true, output files according Table3 andTable4 are generate
LarmorS | Logical | | FALSE

if true, output files according fTable3 andTable4 are generate
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6.3. The namelist SCAN

In the namelist SCAN parameters for the scanningceuiure are specified. See
chapter 4.9.

Parametet Specificatior Unit Default Value
LOOP Logical FALSE
see chapti4.C.
LScar | Logical | | FALSE
if true a scan will be performe
LExtend | Logical | | FALSE
if true an already existing scan output file wile extended rather thi
overwritten.
Scan_pare | Character*4 |

parameter to be scann Valid are all parameters that are written in iti
letters in the namelist tables of chapter 6.

S_min | Real*€ | |

minimal set point of the scanning paramt

S_may | Real*€ | |

maximal set point of the scanning param

S_numk | Intege | |

number of scanning poin

O_min | Logical | | FALSE

if true the minimum of the parameter FOM(1) is shad with decreasir
interval size around the minimum.

O_max | Logical | | FALSE
if true the maximum of the parameter FOM(1) is sked with decreasin
interval size around the maximum.

O_match | Logical | | FALSE
if true the match of the parameter FOM(1) to theamavalue is searched wi
decreasing interval size around the optimum.

match_value | Real*€ |
value to which FOM(1) has be matched if O_mat =true

O_deptr | Intege | |

optimization depth if one of O_min, O_max or O_match is truee Thtal
number of runs is about S_num®_depth.
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L_min | Logical | | FALSE
if true, the minimum value of FOM(1) in the inteh& zmin 0 S_zmax will
be saved. The value of FOM(2)-FOM(10) will be saatdhe position of th¢
minimum of FOM(1). The position of the optimum wallso be saved.

L_max | Logical | | FALSE
if true, the maximum value of FOM(1) in the inten®& zmin to S_zmax wi
be saved. The value of FOM(2)-FOM(10) will be saatdhe position of th¢
maximum of FOM(1). The position of the optimum vélso be saved.

S_zmir | Real*€ | m
minimum position for the search of an optimum of\fQ)

S_zma | Real*€ | m |
maximum positio for the search of an optimum of FOM

S_d: | Intege |
the interval S_zmin to S_zmax is divided into Sedmal intervals. At the er
of each interval emittances etc. are calculated.

FOM( ) | Character*40 arrz |

specifies the output to be foundthe scan file. Valid keywords a
bunchcharge

horizontal rmsemittance
horizontaltr ace-spacemittance
horizontalreducedemittance z
horizontalreducedemittancez&E
horizontal sub-ensembleemittance
horizontalcoherence length
horizontal rmsspot size
horizontalsub-ensemblespot size
horizontal rms beandivergence
horizontal correlated beandivergence
meanhorizontal beanoffset
horizontal beanoffset”
meanhorizontal trajectoryangle
horizontal trajectoryangle”

vertical rmsemittance

vertical tr ace-spacemittance
vertical reducedemittance z
vertical reducedemittancez&E
vertical sub-ensemblemittance
vertical coherence length

vertical rmsspot size

vertical sub-ensemblespot size
vertical rms beandivergence
vertical correlated beandivergence
meanvertical beanoffset

vertical beamoffset”

meanvertical trajectoryangle
vertical trajectoryangle”
emittanceratio %

longitudinal rmsemittance
rms buncHength

mean beamenergy
energy’

mean bearmomentum
momentum
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rms beamenergysprea

correlatedenergy spread

horizontal core emittance 95@x_95

horizontal core emittance 90@x_90

horizontal core emittance 80&x_80

vertical core emittance 95@y_ 95

vertical core emittance 90@y_ 90

vertical core emittance 80%@y_80

longitudinal core emittance 95@z_95
longitudinal core emittance 90&z_90
longitudinal core emittance 80&z_80

particle density in a sphefe_dens o P_dens 5
phase of cavity #1 at end of rphi end”

time of flight TOF

mean time of flighfTOF

total timeTOT (= TOF+Toff)"

mean total tim&OT (= TOF+Toff)

absolute tim@ABS (= TOF+Toff+Ref_clock)
mean absolute timEABS (= TOF+Toff+Ref_clock)
meanLarmor angle

Larmor angle’

rms Larmor angle

statistics:total number oklectrons

statistics: number ofctive particles

statistics: number of activeemndary electrons
statistics: number obackward traveling particles

statistics: number ofost particles on an aperture
statistics: number of lost particles zZmin

output from single particle tracking (Track_All -AESE.)
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6.4. The namelist MODULES

In the namelist MODULES allows to combine elemefitsn other namelists

modules. See chapter 4.10 for an introduction.

to

Parametet Specificatior Unit Default Value
Loop Logical FALSE
see chapti4.<.
LModule | Logical | FALSE
if false all module definitions will be ignore
Module( , ) | Character*40 arre | |
specifies the elements of a mod
Mod_Xoff() | Real*8 arra: | m | 0.C
transverscoffset of a module in
Mod_Yoff() | Real*8 arra: | m | 0.C
transverse offset of a module ir
Mod_Zoff() | Real*8 arra: | m | 0.C
longitudinal offset of a modul
Mod_Xrot() | Real*8 arra: | rac | 0.C
rotation of a modu in the »-z plane, i.e around they-axis
Mod_Yrot() | Real*8 arra: | rac | 0.C
rotation of a modulin the y-z plane, i.e. around theaxis
Mod_Zrot() | Real*8 arra: | rac | 0.C
rotation of a module in the-y plane, i.e. around theaxis
Mod_Zpos() | Real*8 arra: | m | 0.C
longitudinal position of a module. Rotations are defined withpeset to thit
position. Note, that Mod_zpos is not affected bghdt introduced with thd
parameter Mod_zoff
Mod_Efield() | Real*8 arra: | [ 1.C
scaling strength for electric field of a mod
Mod_phase( ) | Real*8 arra: | degre [0.C
phase offset of the Ffields of a module
Mod_Bfield() | Real*8 arra: | [ 1.C

scaling strength for magnetic fields of a moc
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6.5. The namelist ERROR

The namelist ERROR allows adding randomly generateats to element and bunch
parameters. Errors are gaussian distributed; tphatiparameter corresponds to the
rms width of the distribution. A cut-off can be sgieed which is applied to all errors.
For statistical calculations the Loop function skiooe used. Other than the rest of the
namelists the ERROR namelist has to be specifiggance in combination with the
Loop option. Output parameters can be specifiedh wlite parameter FOM(1) to
FOM(10) equivalently to the namelist SCAN (see ¢tbep4.9 and 6.3). Output other
than the error file is suppressed by default whérrdr is set true. Auto_phase
counteracts phase errors (except for module phasesg and should hence not be
used in case of error calculations!

Parametet Specification Unit Default Value

Loop Logical FALSE

see hapte 4.€.

LError | Logical | | FALSE

if false, no errors will be generat

ErrorS | Logical | | FALSE

if true an output file will le generated. See chag4.1z.

Log_Error | Logical | | FALSE

if true an additional log file will be generated il contains the actu
elemeent and bunch settings, i.e. including théatran due to the errors fqr
each run. Note that module errors are added tonthdule setting and not to the
individual parameter settings. See chapter 4.12.

LExtend | Logical | | FALSE
if true an already existing error output file witle extended rather th
overwritten.
Suppress_outpu | Logical | | TRUE
if true any generation of output other than therfite is suppresse
FOM() | Character*40 arrz | |
specifies the output to be found in the error flalid keyworcs are listed ir
the description of the namelist SCAN in chapter 6.3
Err_cutoff | Real*€ | [ 3.C
cut off for gaussia distributed errors in units of sign Applies to all errrs.
Err_Qbunch | Real*€ | nC [ 0.C
error of the bunch char
Err_Xoff | Real*€ | mm [ 0.C
error ¢ the initial bunch position in
Err_Yoff | Real*€ | mm [ 0.C

error of the initial bunch position in
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Err_Toff | Real*€ | ne | 0.C
error of the initial bunch timin

Err_Xrms | Real*¢ | mm [ 0.C
error of the initial bunch size in

Err_Yrms | Real*¢ | mm [ 0.0
error of the initial bunch size in

Err_XYrms | Real*€ | mm [ 0.C
error of the initial bunch size in x an. The parameter Err_XYrms has prior
over the parameters Err_Xrms and Err_Yrms.

Err_Zrms | Real*€ | mm [ 0.C
error of the initial bunch lengt

Err_Trms | Real*€ | ne [ 0.C

error of the bunch emission tin

Err_A_xoff()

| Real*8 arra: | m | 0.C

error of the aperture offset in

Err_A_yoff()

| Real*8 arra: | m | 0.C

error of the aperture offset in

Err_A_xrot()

| Real*8 arra: | rac | 0.C

error of theaperture rotation around th-axis

Err_A_yrot()

| Real*8 arra: | rac | 0.C

error of the aperture rotation around tt-axis

Err_A_zrot()

| Real*8 arra: | rac | 0.C

error of the aperture rotation around tt-axis

Err_C_xoff() | Real*8 arra: | m | 0.C
error of the cavity offset in

Err_C_yoff() | Real*8 arra: | m | 0.C
error of the cavity offset in

Err_C_xrot() | Real*8 arra: | rac | 0.C

error of the cavity rotation around th-axis

Err_C_yrot()

| Real*8 arra: | rac | 0.C

error of the cavity rotationround the -axis

Err_C_zrot()

| Real*8 arra: | rac | 0.C

error of the cavity rotation around th-axis

Err_phi() | Real*8 arra |  degrer [ 0.C
error of the cavity phas
Err_MaxE() | Real*8 arra | Mvim [oc

error of the cavity gradier
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Err_S_xoff()

| Real*8 arra: | m | 0.C

error of the solenoid offset in

Err_S_yoff()

| Real*8 arra: | m | 0.C

error of the solenoid offset in

Err_S_xrot()

| Real*8 arra: | rac | 0.C

error of the solenoid rotation around tt-axis

Err_S_yrot()

| Real*8 arra: | rac | 0.C

error of the solenoid rotation around tr-axis

Err_MaxB() | Real*8 arra | T | 0.C
error of the solenoid streng

Err_Q_xoff() | Real*8 arra: | m | 0.C
error of the quadrupole offset in

Err_Q_yoff() | Real*8 arra: | m | 0.C

error of the quadrupole oet in y

Err_Q_xrot()

| Real*8 arra: | rac | 0.C

error of the quadrupole rotation around tl-axis

Err_Q_yrot()

| Real*8 arra: | rac | 0.C

error of the quadrupole rotation around tl-axis

Err_Q_zrot()

| Real*8 arra: | rac | 0.C

error of the of the quadpole rotation around the-axis

Err_Q_Grad()

| Real*8 arra: | T/m | 0.C

error of the quadrupole gradie

Err_Q _K() | Real*8 arra: | m* | 0.C
error of the quadrupole streng

Err_D_xoff() | Real*8 arra: | m | 0.C
error of the dipole offset in

Err_D_yoff() | Real*8 arra: | m | 0.C
error of the dipole offset in

Err_D_zoff() | Real*8 arra: | m | 0.C
error of the dipole offset in

Err_D_xrot() | Real*8 arra: | rac | 0.C

error of the dipole rotation around th-axis

Err_D_yrot()

| Real*8 arra: | rac | 0.C

error of the dipole rotation around th-axis
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Err_D_zrot()

| Real*8 arra: | rac | 0.C

error of the dipole rotation around th-axis

Err_D_Strength() | Real*8 arra | T [ 0.C

error of the dipole streng

Err_D_Radius()

| Real*8 arra: | m | 0.C

error ofthe dipole bending radit

Err_Mod_xoff()

| Real*8 arra: | m | 0.C

error of the module offset in

Err_Mod_yoff( )

| Real*8 arra | m | 0.C

error of the module offset in

Err_Mod_xrot()

| Real*8 arra: | rac | 0.C

error of the module rotation around tr-axis.

Err_Mod_yrot()

| Real*8 arra: | rac | 0.C

error of the module rotation around tr-axis

Err_Mod_Efield

| Real*8 arra: | | 0.0

relative error of the electric field strength ofreodule

Err_Mod_phase

| Real*8 arra: | degrer  [O.C

error of theRF phase oa module

Err_Mod_Bfield

| Real*8 arra: | | 0.0

relative error of the magnetic field strength ahadule
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6.6. The namelist CHARGE

In the namelist CHARGE parameters for the spacegehealculation are specified.
See chapter 4.3.

Parametet Specification Unit Default Value

LOOP Logical FALSE

see chapti4.C.

LSPCH | Logical | | FALSE

if false, space charge fields are not taken intmawt

LSPCH3D | Logical | | FALSE

if true space 3D charge fies are calculated with an FFT algorithm, if false
standard calculation on a cylindrical grid is ussek chapter 4.5.

L2D_3D | Logical | | FALSE
if true a transition of 2D to 3D space charge daliton is made at positic
Z_trans See section 4.6.

Lmirror | Logical | | TRUE
if true, mirror charges at the cathode are taketo iaccount. Only fo
cylindrical grid algorithm, see chapter 4.4.4.

L_Curved_Cathode | Logical | | FALSE

if true, the mirror charge will be corrected foman planar cathode. Only f
cylindrical grid algorithm, see chapter 4.4.5.

Cathode_Contout | Character*80 arre |

file name of the table describing the cathode cur.

R_zerc | Real*€ | | 0.C

on-axis curvature of a curved cathc

Nrad | Intege | | 10

number of grid cells in radial direction up to thench radius. Only fc
cylindrical grid algorithm.

Cell_var | Real*€ | [ 2.C
variation of the cell height in radial ection. The innermost cell is cell_v
times higher than the outermost cell. Only for rgitical grid algorithm.

Nlong_in | Intege | | 10
maximum number of grid cells in longitudinal direet within the buncl
length. During the emission process the numbeedsiced, according to tHe
specification of the minimum cell length min_gri@nly for cylindrical grid
algorithm.

N_min | Real*€ | | 30

average number of particles to be emitted in oap during the emission fro
a cathode. N_min is needed to set H_min autombtidating emission. Only
for cylindrical grid algorithm.
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min_grid

| Real*€ | m | 0.C

minimum grid length during emission. If the bunshtéo short the number
cells is reduced accordingly. If min_grid is zerbi$ set automatically
according to Eq. (4.2) based on the parameter H_@nity for cylindrical grid
algorithm.

Merge_1 .. Integer arra

Merge 10
parameter to merge longitudinal cells. Only cylindrical grid algorithm, se
chapter 4.4.2

z_trans | Rea | |

longitudinal position for automatic transition oD2to 3D space charg
calculation. See section 4.6.

min_grid_trans

| Rea

minimal longitudinal length of 2D grid cells during emtatic transition of 2L
to 3D space charge calculation. See section 4.6.

Nxf | Intege | | 8
number of grid cells in x-direction. Only for 3Dgakithms. Nxf > 4

Nx0 | Intege | | 2
number of empty boundary grid cells i-directior on each side of the bur.
1< Nx0< NXf =2 . Only for 3D algorithms.

Nyf | Intege | | 8
number of grid cells in y-direction. Only for 3Dgakithms. Nyf > 4

NyO | Intege | | 2
number of empty boundary grid cells i-directior on each side of the bur.
1< NyOs% . Only for 3D algorithms.

Nzf | Intege | | 8
number of grid cells in z-direction. Only for 3Dgakithm. Nzf = 4

Nz0 | Intege | | 2
number of empty boundary grid cells i-directior on each side of the bur.
1< Nz0< Nzf-2 . Only for 3D algorithms.

Smooth_» | Intege | | 0

smoothing parameter fo-direction. Only fir 3D FFT algorithn.

60



ASTRA User's manua

Smooth_y | Intege | | 0
siroothing parameter for-direction. Only or 3D FFT algorithr.

Smooth_: | Intege | [0
smoothing parameter fo-direction. Only or 3D FFT algorithr.

Max_scale | Real*€ | [ 0.0¢
if one of the space charge scaling factors exceglBmit 1+ max_scale a ne\
space charge calculation is initiated.

Max_count | Intege | | 40
if the space charge field has been scaled max_dimoas a new space chai
calculation is initiated.

Exp_control | Real*€ | [ 0.1

specifies the maximum tolerable variation he bunch extensions relative
the gird cell size within one time step (see chrapi¢.6).
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6.7.The namelist APERTURE
The namelist APERTURE allows to include aperturesl do define material

properties for secondary electron emission. Cincafgertures can be defined either by
a table containing the z-position (columnl in my ahe corresponding aperture

radius (column 2 in mm) in a free format or intdlydor the case of a simple

collimating hole, a circular grid, or a cylindricalug. Planar apertures can be defined

internally only.

Parametet Specificatior Unit Default Value
LOOP Logical FALSE

see chapti4.<.
LApert | Logical | | FALSE

if true aperture will be includec.

File_Aperture( )

Character*80 arre |

user specified file name of aperture table or keywa. Allowed keywords
are:

RAD for a simple circular aperture, i.e. a hole oybnarical plug.

Cir for a circular grid. Secondary emission does atkWor a circular grid.
Scr_XandScr_Y for a single sided planar scraper in x or y, retpely.
Col_X andCol_Y for a double sided planar collimator in x or yspectively.

Ap_Z1() | Real*8 arra: | m |
longitudiral start position of alapertur. Only in combiration with keyworc
input.

Ap_Z2() | Real*8 arra: | m |
longitucinal end position of atapertur. Only in combination with keywor
input.

Ap R() | Real*8 arra: | mm
keywordRAD: Radius of the aperture. If Ap_R() is negativeyindrical plug
rather than a hole is generated.
keywordsScr_X andScr_Y: Distance of the scraper to the z-axis. If Ap_
positive particles with positions larger than Ap_R(are scrapped off. If
Ap_R() is negative particles with position smalllean Ap_R( ) are scrappé
off.
keywordsCol_X andCol_Y: Half gap of a double sided planar collimator.

Ap GR( ,) | Real*8 arra: | mm |
radii of grid elements in combination with keywcCir. The first index is th
element number, the second a radius. Odd indidiEsedéne lower radius an
even indices define the upper radius of a grid el@mThe maximum numbd
of grid elements is 20.

A_pos() | Real*8 arra | m | 0.C
shifts the longitudinal aperture position. A_posikled to the positicdefined
in File_Aperture() or to Ap_Z1() and Ap_Z2( ) spectively.

A_xoff() | Real*8 arra | m | 0.C

horizontal offset of the apertu
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|

A_yoff() | Real*8 arra: | m | 0.C
vertical offset of the apertL.

A_xrot() | Real*8 arra: | rac | 0.C
rotation angle of the aperttin the »-z plane, i.e around the -axis

A_yrot() | Real*8 arra | rac | 0.C
rotation angle of the apertuin the \-z plane, i.e around the -axis

A_zrot() | Real*8 arra | rac | 0.C
rotation angle of the aperture in th-y plane, i.e. around theaxis

SE_d(() | Real*8 arry | | 0.C
maximum secondary electron emission .

SE_Epn() | Real*8 arra | keV | 10.C
kinetic electron impact energy which yields the maxn secondary electrc
yield.

SE_f() | Real*8 arra: | | 0.0
parameter describing the functional dependencheasecondary electron yie
on the kinetic impact energy.

SE_Tay() | Real*8 arra | ne | 0.C
exponential delay time of the emission. Active &u# 0.0

SE_Es() | Real*8 arra | eV | 0.C
mean kinetic energy of the secondary electronghéf sum of the kinec
energies of all secondaries produced in one evargteels the kinetic energy ¢f
the primary electron the kinetic energy of the selzwies is reduce
accordingly.

SE_ff1() | Real*8 arra: | | 0.C
factor for field enhanced secondary emission. Septer 4.11.:

SE_ff2() | Real*8 arra | evim [o0C

factor for field enhanced secondary emission. Septer 4.11.:

Max_Secondan

Intege | | 500,00

maximum number of particles (primar + secondariesthat can be held on tl
stack during a run. The program is aborted if tlaetiple number exceed
Max_Secondary.

)

LClean_Stack

Logical | | .FALSE

Option to reduce the required memory space in coatlin with secondar
emission. If true lost particles will be taken fraime stack, i.e. they don
appear anymore in saved particle distributionsiartte particle statistics. The
particle coordinates of lost particles are printed a file namedg
‘project.Lost_Part.run’ before they are taken frime stack. The file structure
of the Lost_Part file is equivalent to a standaadiple distribution file, but al
coordinates are in absolute values and not rel&tizereference particle.

The option TrackS cannot be used in combinatioh Wlean_Stack.

—
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6.1. The namelist WAKE

Wake fields can be added as localized kicks whrehdascribed by tabulated values
and coefficients. In order to perform convolutionteigrals the charge distribution is
sorted into a longitudinal grid of variable girdzei Smoothing and interpolation
parameters can be defined in order to optimize réseilt. Position and direction

vectors define the location of the wake field kaokd its direction.

The input of monopole or dipole wake potentials uiegg two column tables

describing a pseudo Greens function of the wakentiat, i.e. a numerical result for a
charge distribution short as compared to the thistion in the actual calculation. The
first line of the table consist of an integer numbeand a zero. The following N lines

contain the position (column 1 in m) and the cqroesling longitudinal or transverse
wake potential (column 2). Wake potentials needdanormalized to a charge of 1
nC.

Parametet Specificatior Unit Default Value
Loop Logical FALSE

see chapte4.C.
LWAKE | Logical | | FALSE

if false all WAKE definitions will be ignore
Wk_Type() | Character*80 arre | | undefine

specifies the type or method of a waleld calculation. Valid keywords ¢
Monopole_Method_F, Dipole_Method_Fand Taylor_Method_F for wake
field and Monopole_Method_P and Dipole_Method_P for wake potentia
input types.

WEK_filename( )

Character*80 arre |

specifier the name of a file containi tabulatedwake field or potential
coefficients.

WEK_testfile()

Character*80 arre |

specifies the name of a file for test output. Outplonly written if a file nam:
is defined.

WK_scaling | Real*€ | [ 1.C

scaling factor for wake kic.

WK_x() | Real*8 arra | m | 0.C

transverscorigin of awake fielcin x.

WK_y() | Real*8 arra | m | 0.C

transverscorigin of awake fielcin y.

WkK_2() | Real*8 arra | m | 1.0

longitudina orign of awake fielcin z.

Wk_ex() | Real*8 arra: | | 0.C

x-component of thlongitudina direction vectc.

WkK_ey() | Real*8 arra | | 0.C

y-componet of thelongitudina direction vectc.
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Wk_ez() | Real*8 arra: | | 1.0

z-component of the lonogitudinal direction ve.

WKk_hx() | Real*8 arra: | | 1.0

x-component of the horizontal direction ve«.

WK_hy() | Real*8 arra | | 0.C

y-component of the hczontal direction vectt.

Wk_hz() | Real*8 arra: | | 0.0

z-component of the horizontal direction veu.

Wk_equi_grid() | Real*€ | [ 1.C

if 1.Can equidistant griis set up, if0.C a grid with equal charge per grid cel
employed. Values between 1.0 and 0.0 result inrmgdiate binning based d
a linear combination of the two methods.

Wk_N_bin() | Intege array | | 10

numtker of bins.

Wk_ip_method() | Intege array | | 2

interpolation method: 0 = rectangular, 1 = triarguR = gaussi.

Wk_smooth( | Real*€ array | | 0.

smoothing parameter for gaussian interpole.

WKk_sigma_bir() | Real*€ array | [ 0.C

minimal sigma for aussian interpolatic

WKk_sub() | Intege array | [ 1

sub binning paramet.
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6.2. The namelist CAVITY

The namelist CAVITY allows the user to include, ated some extent to modify
arbitrary RF, static electric and magnetic field$ie somewhat misleading name
CAVITY is still kept for historical reasons.

The standard option to describe cavity fields isdohon tables, which may be
generated by analytical calculations, measuremantaimerical codes. A field table
has to contain the z-position (column 1 in m) amel ¢orresponding longitudinal on-
axis electric field amplitude (column 2 in arbityaunits) in free format. The
transverse field components are calculated fromdémvatives of the on-axis field
(see chapter 8). The polynomial expansion exterols 1% order or, with
C_higher_order = True, tod®order. The polynomial expansion is perfect already
first order for a pure sine-like spatial wave. Daoans from a sine-like spatial field
profile lead to increasing imperfections of thedildescription with increasing radius.
Differences of calculations done witff &nd 3 order expansion can be used to check
whether the field expansion approach is sufficient 3D field map is required. A
smoothing procedure can be applied to suppress neahenoise by setting
C_smooth() = npON.

Static electric fieldsTo mark fields as static the name of the file comtg the field
table should start with the letters ‘DC’ or theduency, Nue( ), should be set to zero.

Static magnetic fieldsThe 3D field map option can be (ab)used to inclstiic
magnetic field maps. See below for details.

TE modesTo mark the field of a field table as TE mode -opposed to a standard
TM mode — the file name has to start with the tsettd E_'. The field table in this

instance contains the position and the on-axisifadopal magnetic field amplitude.
For TE modes the parameter MaxE( ) refers to thgitadinal on-axis magnetic field
component.

Dipole modesDipole modes can be inserted as 3D field mapshsiesv.

Traveling wave structures Traveling wave structures can be inserted in itsstm
general form as superposition of real and imagimenygs of the general solution, see
below. For periodic structures the description eréed in Ref [1] has been
incorporated. The transverse field components amvet! according to a®lorder
polynomial expansion. The field table has to contie on-axis longitudinal field
amplitude of at least one RF period plus the irgnd output coupler cells, which are
treated as standing wave cells.
To the file a first line is added, containing ifree format:

Z1 Vir) n m
where z and z are the start and end points of the traveling wealés (i.e. the end
and starting point of the input and output cel)ldam and m are two integers

characterizing the phase advance per & 271%. Note that EzZ z)= E% 2),
a—E_Z :a—E i =1, 2, 3should be fulfilled to high precision.

oz 0z .

For a backward traveling wave structure set n < 0.

The file name has to start with the letters “TWS'.

4

66



ASTRA User's manua

For a beta matched structure a wave number K_wawe(s to be specified. For a
[ =1 structure the wave number is derived automaticttiyn the frequency. The

length of a periodic structure can be specifiechwite parameter C_numb( ), which
contains the number of cells (excluding the inpud autput coupler cells). Note that
C_numb( )-n/m must be an integer.

3D field maps 3D field maps can be included in a most genemnahfdlhe six field
components Ex, Ey, Ez, Bx, By and Bz have to beedttn six files with a common
name except for the name extension. The name diléksehas to start with the letters
‘3D’, or have ‘3D’ at position 4 and 5 of the nantlee extensions are .ex, .ey, .ez, .bx,
.by and .bz. In the input deck the file name withextension has to be specified. The
files start with a description of the grid, follodiéoy the field values at each grid
point. The grid does not have to be equidistant ead be different for each
component except for the first and the last lordjital grid coordinate, which has to
be the same for all components. The tracking ipmd if a particle leaves the
transverse grid dimensions of a single componerthinvithe longitudinal grid
boundaries. With Nx = number of grid knots in x, &yumber of grid knots in y and
Nz = number of grid knots in z the file looks like:

Nx x[1] x[2] ....... X[Nx-1] X[Nx]

Ny y[1] y[2] ....... y[Ny-1] y[Ny]
Nz z[1] z[2] ....... Z[Nz-1] z[Nz]

FIL 1 1 F[2, L, Lo, FINX, 1, 1
FIL 2, 1 F[2, 2, Lo FINX, 2, 1
F[ LNy, 1] F[2,NY, 1]........... oo FINXONY, 1
FIL 1 2] F[2, 1, 2] FINX, 1, 2]
FIL 2 2] F[ 2,2, 2] FINX, 2, 2]
F[ LNy, 2] F[2,NY, 2]........... oo FINXONY, o]
FIL 1, 3] F[2, L, oo FINX, 1, 3]
F[ 1,Ny,NZ] F[ 2,NY,NZ]...rrrrrvereee..... FINX,Ny, Nz]

where F is the value of the respective field conggnThe number format is free; the
file has to contain line breaks as shown, but maytain additional line breaks as
appropriate. (Note that the maximum line lengthairfile is a system dependent
quantity.)

The maximum on axis value of the Ez component adescto MaxE( ), for standard
TM type modes, as in case of a field table, otleenmonents are scaled accordingly.
For TE type modes (file name TE_3D...) MaxE( ) referdhe on axis maximum of
the Bz component, while for dipole modes (file nani@X 3D... or DY_3D...)
MaxE( ) refers to the the on axis maximum of thedBBy component, respectively.
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In all cases it is assumed, that the ratio of @tetd magnetic components is as V/m
to T. A linear interpolation is applied between tr&d knots. A field map can be n
times periodically repeated by specifying C_numb(n. Care has to be taken, that
the field values at the start and the end of thp dmmatch in this case.

For static electric 3D fields the name of the fidsould start as ‘DC-3D’ or the
frequency, Nue( ), should be set to zero. Filehwitagnetic field components (.bx,
by, .bz) are not required in this case.

For static magnetic 3D fields one of the logicalgmaetrs Bx_stat, By stat or Bz_stat
has to be set to true. The parameter directesaliestaling parameter MaxE( ) to the
respective component. Files with electric field pmments (.ex, .ey, .ez) are not
required in this case.

If the electric field components are given on a own grid and the magnetic fields
components are given on a second common grid ttzeneder Com_gird = 'E,B’ may
be set to speed up the calculations. If all six ponents are given on a common grid
Com_grid ="all’ may be set.

Tracking through 3D field maps is rather time cansw. Moreover the field
description is due to resolution and numerical @gsoblems not necessarily better
than a description with a field table unless nolindyically symmetric features are to
be taken into account or field values far off-aatie required.

Field pointers In order to save storage place for cavities wliah be described by
the same field map it is possible to define a figddinter by specifying
File_Efield(j) = ‘3D_Point@(i)’, where is the index of a cavity element specified as
3D field map and <j. Parameters related to the grid (e.g. Com_grichutnb) are

common for these cavities and are defined by indéX other parameters are defined
independently for each element.

Overlaying modes or real and imaginary partsWhen field tables or maps overlap
longitudinally Astra gives a warning. The field components are addednuthe
overlapping region. Thus modes or real and imaginaarts of a mode can be
specified as two field entries at the same locati®ee chapter 9 and [2] for an
application of this option.

Time dependent fields and beam loadind\n exponentially increasing or decaying
field can be specified with the parameters T_deeet{d), T null( ) and C_Tau( ).
The field value at the start off of the calculatierset as:

_T_null _T_null
E=E (1— ec—m‘j and E=Ee®™, respectively.

If the stored energy of the cavity is specifiedatmeloading is taken into account
according as:

E= EO 1—M where E_storedis the stored energy at the actual
E_stored

gradient andE_load is the energy transferred to a particle in the kisie step.
Overlapping cavity fields cannot be treated colyetty this option. When time
dependent parameters are specified actual fieldegahre stored in a file, see Table 3
and Table 4.
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Modifying the field profile and local perturbations The parameter Flathess( )
allows modifications of the field profile by multipng the longitudinal field (after the
scaling to MaxE) with a linear slope. It is not bhpgble for TWS and 3D structures.
A flatness parameter of £ 0.1 yields roughly 10%at#on of field flatness. The exact
variation depends on the length of the field tabid should be checked witileldplot

In order to approximate local asymmetries as thay be generated e.g. by input
couplers a local transverse offset of the fieldwassn two positions defined by
C_zkickmin( ) and C_zkickmax( ) can be introducéd.cosine-squared offset of
amplitude C_Xkick and C_Ykick is simulated. An exaenof this option is given in
Ref. [3].
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Parametet Specification Unit Default Value

LOOP Logical FALSE
see chapte4.C.

LEfield | Logical | | FALSE
if false, all cavity fields are turned ¢

File_Efield() | Character*80 arre |
user specified file name for field tak, or map.

C_noscale() | Logical arra) | | FALSE
if true, the cavity field will not be scaled, butet file values will be taken
field values in MV/m (TM modes), or T (Te modes).

C_smoothi) | Integer arra | [0
controls the number of iterations of a soft, iteatprocedurefor smoothing
field tables. Since the transverse field componangsbased on derivatives pf
the field table and can be noisy if the table id precise, smoothing i
recommended. Use fieldplot to check that the lamljital field componenf
remains basically unchanged and that the trans\amsgonents get smooth.
Not applicable for 3D maps.

Com_grid() | Characte array | |

either 'E,B’ if the E and B components of a 3D nm&p given on commc
grids or ‘all’ if all six components of a 3D mapeagiven on a common grid.

C_higher_order()

| Logical arra: | | FALSE

if true, the field expansion extends t" order, if false the field expansic
extends only to 3 order. If true stronger smoothing of the field htigoe
required. Not applicable to TWS structures.

v

Nue( ) | Real*8 arra | GHz |
frequency of thRFfield.
K_wave( ) | Real*8 arra | m?! |
wave number of the field, only f@ matched traveling wave structures.
MaxE() | Real*8 arra | MV/imorT |
the absolutemaximum, oraxis, longitudinal electri(TM mode) or magneti
(TE mode) field amplitude of the RF field is scatedhis value.
Flatness( ) | Real*8 arra: | | 0.C
modifies the field flatness by multiplying the lotglinal field component witl
a linear slope; applied after scaling to MaxE. Hpplicable for 3D and TW$
structures.
Phi() | Real*8 arra | degre |
phase of theRF field. Phi(0) defines a global phase shift of alities. Sex
chapter 4.30.
C_pos() | Real*8 arra | m |

shifts thelongitudinalcavity position. C_pos is added to ttosition defined ir
File_Efield( ).
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C_numb()

| Integer arra | | 1(3in ASTRA Vers. )

number of cells excluding the input and output delt traveling wave
structures, or number of periods for 3D maps.

T_dependence(

Character arre | |

either fill' or ‘decay’ in order to activate filling or deceng of the cavity field
respectively.

T_null() | Real*8 arra: | ns
for cavity filling: time between start of the fillg of the cavity and start of tl
particle tracking; for decay: time between startdetay and start of partic
tracking.
C_Tau() | Real*8 arra | ne |
filling time of the cavity
E_stored( | Real*8 arra: | Jn’/MV?e |
stored field energy of the cavity. If specified bedoading is taken int
account.
C_xoff() | Real*8 arra: | m | 0.C
transverse offset of the cavity ir
C_yoff() | Real*8 arra: | m | 0.C
transverse offset of the cavity ir
C xrot() | Real*8 arra: | rac | 0.C
rotatior angle of the cavityin the »>-z plane, i.¢ around the -axis
C_yrot() | Real*8 arra | rac | 0.C
rotatior angle of the cavityin the y-z plane, i.¢ around the -axis
C_zrot() | Real*8 arra | rac | 0.C
rotationangle of the cavity around the-axis, i.e. in the -y plane.
C_zkickmin() | Real*8 arra | m |

start of local field offse

C_zkickmax()

| Real*8 aray | m |

end of local field offse

C_Xkick() | Real*8 arra: | m | 0.C
local transverse field offset in
C_Ykick() | Real*8 arra: | m | 0.C

local transverse field offset in
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6.3. The namelist SOLENOID

The namelist SOLENOID allows to include arbitraylesioid fields by means of
tables, which may be generated by analytical catmns, measurements or numerical
codes. The table has to contain the z-positioru@all in m) and the corresponding
longitudinal on-axis magnetic field amplitude (ool 2 arb. units) in a free format.
The transverse field components are calculated fileenderivatives of the on-axis
field (see chapter 8). The polynomial expansionemeas to I order or, with
S_higher_order = True, to™3order. A smoothing procedure can be applied to
suppress numerical noise by setting S_smooth(, )rim .

Parametet Specification Unit Default Value

LOOP Logical FALSE

see chapti4.<.

LBfield | Logical | | FALSE

if false, all solenoid fields are turned

File_Bfield() | Character*80 arre | |

user specified file nam

S_noscale( | Logical | | FALSE

if true, the solenoid field will not be scaled, hhe file values will be taken i
field values in T .

S _smoothi) | Integer arra | [0

controls the number of iterations of a soft, iteatprocedure for smoothir
field tables. Since the transverse field componangsbased on derivatives pf
the field table and can be noisy if the table it poecise, smoothing i
recommended. Use fieldplot to check that the lamljital field componen
remains basically unchanged and that the transeersponents get smooth.

——

S_higher_order()

Logical arra | | TRUE

if true, the field expansion extends t" order, if false the field expansic
extends only to 3 order. If true stronger smoothing of the field htigoe

required.
MaxB() | Real*8 arra | T | 0.C
maximum field value of the solenoid field. The dié scaled to this valt
S pos() | Real*8 arra | m | 0.C
shifts the longitudinal solenoid position. S_pos isledi to the position define
in File_Bfield().
S xoff() | Real*8 arra: | m | 0.C
horizontal offset of the soleno
S yoff() | Real*8 arra: | m | 0.C

vertical offset of the solenol
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S xrot() | Real*8 aray | rac | 0.C

rotatior angle of thesolenoicin the >z plane, i.e around the -axis

S yrot() | Real*8 arra: | rac | 0.C

rotationangle of thesolenoicin the y-z plane, i.e around the -axis
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6.4. The namelist QUADRUPOLE

The namelist QUADRUPOLE allows to include quadreapitlds based on analytical
expressions and field profile data.
In case of the analytic describtion the fringedied tapered according to the relation

-1
g(Az) = g(1+ exp(4A}6 bore)j whereg is the quadrupole gradient ada is the

distance to the quadrupole edge. The tapering &-defined by means of the
parameter Q_bore, which might be set approximatelythe diameter of the
quadrupole bore. The tapered region extents ondubgles over a length of(@ bore.

A longitudinal field component exists in the tapkresgion in accordance to
Maxwell's law. Due to the tapering the actual fiakl longer than the specified
effective length by & bore Fields of neighboring quadrupoles are superimgake
they are too close. When the length of a quadrumolghorter than - bore the
fringe fields of both edges start to overlap. lderto reach the specified gradient a
renormalization of the gradient is applied in tbése and a warning is given. Strongly
overlapping fringe fields lead to unphysical fighdofiles and a reduction of the
effective magnet strength. The field profile shoh&hce be checked witleldplot in
such case. When a focusing strength is specifitioerahan a gradientieldplot
assumes a beam momentum of 1 MeV/c to set a gtddietine plot.

Other field profiles can be introduced by meana data file containing the z-position
(columnl in m) and the corresponding gradient (cmil arb. units) in a free format.
(Q_Type( ) = 'filename’).The file name has to conténe string ‘data’ as keyword. A
longitudinal field component is derived in regioofisvarying gradient in accordance
to Maxwell’s law.

Multipole components Multipole components can be added with the parammete
Q_mult_a(i, j) and Q_mult_k(i, j), where index refers to the multipole coefficient

and indexj is the element number. The field parameterizafmliows closely a
standard multipole expansion. With =Q_mult_a(i, j) and b =Q_mult_k(i, j) the

field componenets write as:
B =-Q_grad()f-a- 3 y o = Y+ oy 4 3 8 xy Y

B,=-Q_grad( ) b+ ay » @2xr f % Y+ 43%xy P+ b’x3 3

i.e. the coefficients are defined relative to theadrupole gradientph describes
normal coefficients, whilea describes skew coefficients and1...4 describes a
dipole, quadrupole, sextupole and octupole compnesspectively. Note that
Q_grad(J) enters with reversed sign in order to comply te f#ign convention as
given below.

Multipole components are realized for standard quaoles and field profiles only.
The fringe field of the multipole components is¢egr as the main quadrupole field

but the contribution of the multipole componentstoothe longitudinal field is
ignored.

Parametet Specificaion Unit Default Value

LOOP Logical FALSE

see chapti4.<.

Lquad | Logical | | FALSE

if false, all quadrupole fields are turned
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Q_length( | Real*8 arra | m |
effective length of the quadrupc

Q_type() | Characterl6 arra | |
besides standar quadrupoles (w.o. type specificatiorskew quadrupoles
doublets andriplets and fielddata can be specified. Doublets have the same field
amplitude with reversed sign in the two magnets. thiplets the field amplitud¢
has the same magnitude for all magnets but oppsigiteof the outer magnets ps
compared to the inner one. The inner magnet istagclong as the outer ones.

Q grad() | Real*8 arra: | T/m
guadruple gradient. Refers to the first quadrupolease of doulets and triplet:
A positive gradient focusses negatively chargedigles traveling into positivg
z-direction in the x plane.

 K() | Real*8 arra | m”* |

focusing strength of the quadrupole. The gradiersei during the tracking of tl
reference particle in dependence of the referemecticie momentum. Refers o
the first quadrupole in case of doublets and tr§pled positive quadrupolg
strength focusses negatively charged particleeliray into positive z-direction it
the x plane. If Q_K and Q_grad are specified, QaK & higher prioprty.

Q_noscale( | Logical | | FALSE
if true, the fieldprofile will not be scaled, but the file values will be ¢akas
gradients in T/m or as focusing strength i m

Q_smooth() | Integer arra | [0
controls th- number of iterations of a soft, iterative prdure for smoothing fiel
profile tables.

Q_bore(’ | Real*8 arra | m | 0.03¢
taper parameter for the quadrupole field e

Q _dist() | Real*8 arra: | m |
distance between magnets in case of doublets iplets

Q pos() | Real*8 arra | m |
longitudinal quadrupole position. Refers to theteenf the magnet(s) also in ce
of doublets and triplets.

Q_xoff() | Real*8 arra: | m |
horizontal offset of the quadrupole, the doublethar triplet

Q_yoff() | Real*8 array | m |
vertical offset of the quadrupole, the doubleth® triplet

Q xrot() | Real*8 arra | rac | 0.C
rotatior angle of thequadrupol in the »-z plane, i.e around the -axis

Q_yrot() | Real*8 arra | rac | 0.C
rotationangle of thequadrupol in the y-z plane, i.e around the -axis

Q zrot() | Real*8 arra | rac | 0.C
rotationangle of thequadrupol around the -axis, i.e. in the -y plane.
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6.5. The namelist DIPOLE

The namelist DIPOLE allows to include dipole fielussed on analytical expressions.
Dipoles are defined by two edge lines, defining ¢inérance and the exit face of the
dipole. Each line is defined by two points in tigut deck. The connecting lines of
these points define the area in which the actuadl fcalculation takes place. The
shape of the area is arbitrary, except that igdvde convex

D1(i) D3(i)

Fig. 4 Example for the definition of a dipole: Thatrance and exit face of the
dipole are defined by the lines D1(i) = (1.0, 06) D2(i) = (-1.0, 0.9) and
D3(i) = (1.0, 1.4) to DA4(i) = (-1.3, 1.2). The |lmeD1 - D2 and D3 - D4 are
associated with the taper parameters D_Gap(1,)ar@ap(2,i). The entrance
and exit lines form together with the extrapolatetinecting lines D1 — D3 and
D2 — D4 the area in which the dipole field is defin Note the order of the
corner points. Exchanging D3 and D4 would be nadvaput.

Dipoles can be defined to bend in the x-z planerifbatal) or in the y-z plane
(vertical). Overlapping fields are superimposethéd magnets are defined in the same
bending plane. In the case of sections composédrifontal and vertical dipoles the
user has to make sure, that magnets in the tweiplenplanes do not overlap. (Note
that a dipole has an infinite extension into theection perpendicular to the bending
plane.)

The pivot point for rotations is defined by the mage of the four corner points.
Rotations and offsets within the bending planeusm@ritical. The correct treatment of
overlapping fields is, in the case of rotations otithe bending plane, however only
possible, if the fields do also overlap when thegneds are not rotated out of the
bending plane. A section of dipoles which are edaby a common angle is hence
uncritical. In complicated geometrical cases #dsisable to track sections wise.

The field strength is set either directly or by thending radius. This radius is used to
calculate the field strength based on the energthefreference particle. Negative
bending radii deflect electrons toward positiveatenes. Fringe Fields are calculated
between two parallel lines around the dipole eddésy have at1.5[D Gap offset

from the edge. For a horizontal magnet the Figldlecays outside of the magnet as

-1
B,(d) = Eb(l+ exp(4%_Gan , Whered is the normal distance to the edge. The
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other field components are calculated accordiniylexwell’s law. The fringe fields
of the same magnet are not allowed to overlap.

D O
=

uv)

er

D D
=

er

Parametet Specification Unit Default Value

LOOP Logical FALSE
see hapte 4.€.

LDipole | Logical | | FALSE
if false all dipoles are turned ¢

D_Type() | Character*l array | | horizonta
besideshorizontal dipoles which bend in the-planevertical dipoles can b
specified to bend the beam in the y-plane.

D1() Double Comple m (0.c,0.0
array
coordinates of the first corner of a dipole. Twamnhers, enclosed by brack
and separated by a comma, are to be given. Therimnber defines th
horizontal or vertical (if D_type = ‘vertical’) codinate, the second numb
defines the longitudinal coordinate.

D2( ) Double Comples m (0.0,0.0
array
coordinates of the second corner of a dipole. Twmnlpers, enclosed t
brackets and separated by a comma, are to be gitenfirst number define
the horizontal or vertical (if D_type = ‘verticaloordinate, the second numk
defines the longitudinal coordinate.

D3( ) Double Comples m (0.0,0.0
array
coordinates of the third corner of a dipole. Twanhers, enclosed by brack
and separated by a comma, are to be given. Therimnber defines th
horizontal or vertical (if D_type = ‘vertical’) codinate, the second numbj
defines the longitudinal coordinate.

DA4( ) Double Comples m (0.0,0.0
array
coordinates of the fourth corner a dipole. Two numbers, enclosed
brackets and separated by a comma, are to be gitenfirst number define
the horizontal or vertical (if D_type = ‘verticaloordinate, the second numk
defines the longitudinal coordinate.

D_Gap(, . | Real*8 arry | m [ 0.C5
taper parameter for the dipole fringe field. Thrstfindex of the array is 1 or
for the first and second dipole edge, while thesddndex refers to the dipo
number.

D_strength() | Real*8 arra | T | 0.C
the dipole magnet streng!

D_radiug() | Real*8 arra: | m | 0.C

if a bending radius is defined the magnet stremgtet during the tracking «
the reference particle in accordance to the beaerggn If D_radius ang
D_strength are specified, D_radius has a higheripyi
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D_xoff() | Real*8 arra: | m | 0.C

transverse offset of ttdipole in x.
D_yoff() | Real*8 arra: | m | 0.C

transverse offset of ttdipole in y.
D_zoff() | Real*8 arra: | m | 0.C

longitudina offset of thedipole in :.
D_xrot() | Real*8 arra: | rac | 0.C

rotatior angle of thedipole in the >z plane, i.e around the -axis
D_yrot() | Real*8 arra | rac | 0.C

rotationangle of thedipole in the \-z plane, i.e around the -axis
D_zrot() | Real*8 arra: | rac | 0.C

rotationangle of thedipole around the -axis, i.e. in the -y plane.
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7. Input namelist fogenerator
7.1. The namelist Input

er

e

=

IS

Parametet Specification Unit Default Value

FNAME Character*8 rfgun.ini
file name for initial particle distribution; reconended extensions are .ini
.Zpos.run, respectively.

Add | Logical | | FALSE
if true the input list has to be specified N_adehdés and N_add differe
distributions will be added.

N_add | Intege | | 0
number of distributions to be add

Ipart | Intege | | 10¢
number of particles to be genera

Specie | Character*8 | | Electron:
species of particles to be generated. Valid Electrons,paositrons, protons
and hydrogen ions. The key worihn allows to generate particles with ud
defined ratio of mass to charge state. It requiless specification of th¢
parameter ion_mass in generator and in the naniESWRUN of Astra. To
adopt the graphics progranpostpro additional specifications in th
Plot_steering.par file are optional (see 5.6).

ion_mass( | Real*8 Array | | 0.C
the mass dividedy the charge state of user defined particles. Negst
charged particles are defined by a negative vafubeion_mass parametd
lon_mass(1) — (10) are mapped onto patrticle indexL8 in the saved partic
distribution file.

Probe | Logical | | TRUE
if true, 6 probe particles are generated at loos
(0.50%, 0.909z), (1.bx, 1.vz), (1.%9%, 1.502),
(0.50y, -0.502), (1.vy, -1.00z), (1.90y, -1.502).

Passive | Logical | | FALSE
if true only passive particles will be genera

Noise_redur | Logical | | TRUE
if true, particle coordinates are generated c¢randomly following &
Hammersley sequence.

Cathode | Logical | | TRUE
if true the particles will be generated with a tirsgread rather than with
spread in the longitudinal position, i.e. sig_z, &zd rz are set to zero apd
sig_clock, Lt and rt have to be specified. See tdrap2 to chapter 7.4. Stat
flags will be set accordingly.

R_Cathode | Real*€ | m [ 0.C

radius in case of a curvei.e. non planar cathode. Active if R_cathode is
zero. See 7.5.2.
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High_res | Logical | | FALSE
if true, the particle distribution is saved witttirased accuracy. STable4.
Binary | Logical | | FALSE
if true, the particle distributions is saved in doin format
Q_total | Real*€ | nC [ 1.C
total charge of the particles. The total chargegsally distributed on the Npz
particles. Astra would allow also particles with varying macro ofparin one
distribution.)
Type | Character*8 | | standar
defines the type of the distribution. Valid standard andring.
Rad | Real*€ | mm | 0.C
radius of ring type distributior
Tau | Real*€ | ne | 0.C
exponential delay time of the emission. ;e if Tau# 0.0. The delay is adde
to any distribution in time, i.e. to any distribuni starting at the cathode. Ng
that the delay time is random and might interfert sthe quasi random natu
of an input distribution.
Ref_zpo: | Real*€ | m [ 0.C
z pcsition of the reference patrticle, i.e the longitwdibunch positiol
Ref_clock | Real*€ | ne [ 0.C
initial clock value of the reference particle, éargeneral be set to ze
Ref_Ekin | Real*€ | Mev Joc
initial kinetic energy of the reference parti
Dist_z | Character*8 | | uniform
specifies the longitudinal particle distributionorFvalid keywrds and relate
parameters see chapter 7.2 to chapter 7.4.
sig_z | Real*€ | mm | 0.C
rms value of theunch lengtr
C_sig_: | Real*¢ | | 0.C
cuts off a gaussian longitudinal distribution ats@@ z times sig_z. Activ
if #0.0.
Lz | Real*¢ | mm | 0.C
length of the bunc
rz | Real*¢ | mm | 0.C
rising of the bunch distribution; only for platedistribution
sig_clock | Real*€ | ne | 1.0C-3

rms value of the emission time, i.e. the bunch #enifj generated from
cathode.
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C_sig_cloc} | Real*€ | | 0.C
cuts off a gaussian longitudinal distribution ats{g_clock times sig_clocl
Active if £ 0.0.
Lt | Real*€ | ne | 0.C
length of the bunch; only for plateau distribut
rt | Real*€ | ne | 0.C
rise time of the bunch; only for plateau distrilout
Dist_pz | Character*8 | | uniform
specifies the longitudinal energy and momentunribigion, respectively. Fc
valid keywords and related parameters see chafdéo thapter 7.4.
sig_Ekin | Real*€ | keV [ 0.C
rms value of the energy spre
C_sig_Ekin | Real*€ | [ 100.(
cuts off a gaussian energy and momentum distrib at C_sig_Ekin time
sig_EKkin. Active if£ 0.0.
LE | Real*€ | keV | 0.C
width of the energy distributic
rE | Real*¢ | keV | 0.C
rising of the energy distribution, only for platedigtribution
emit_z | Real*€ | nkevmm |[0.C
longitudinal particle emittance.an be specified instead of the energy spr
If an energy spread and an emittance is spectiie@hergy spread has priority.
cor_Ekin | Real*€ | keV [ 0.C
correlated energy sprei
Dist_x | Character*8 | | gaussia
specifies the transverse particle dbution in the horizontal direction. F
valid keywords and related parameters see chafdéo thapter 7.4.
sig_» | Real*€ | mm [ 1.C
rms bunch size in the horizontal direction. Alse thertical binch size i
Dist_x =radial.
C_sig_» | Real*€ | | 0.C
cuts off a gaussian horizontal distribution at @_si times sig_x. Activ
if #0.0.
Lx | Real*€ | mm | 0.C
width of the horizontal particle distributic
rx | Real*€ | mm | 0.C

rising of the horizontal peicle distribution; only for plateau distributic
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x_off

| Real*€ | mm | 0.C

horizontal offset of the particle distributit

Disp_x | Real*€ | m | 0.C
horizontal dispersion; a horizontal offset is adttedll particles according 1
X=X+ Disp_x% ; increases the calculated bunch emittance.
Dist_px | Character*8 | | gaussia
specifies the transverse momentum distributiorh@torizontal direction. Fc
valid keywords and related parameters see chafeéo thapter 7.4.
Nemit_x | Real*¢ | nmrad mm | 0.C
normalized transverse emittance in the horizontacton. Can be specifie
instead of a transverse momentum spread. If a momerspread and 3
emittance is specified the emittance has prioAtgo the normalized verticq
emittance if Dist_px = radial.
sig_p» | Real*€ | evic [0.C
rms value of thihorizontal momentum distributic
C_sig_p | Real*€ | | 100.(
cuts off the horizontal momentum distribution ats@_px times sig_p
Lpx | Real*€ | evic | 0.C
width of the horizontal momentum distribution; orfidy plateau distributiol
rpx | Real*€ | evic [0.C
rising of the horizontal momentum distribution; pifidr plateau distributiol
Cor_px | Real*€ |  mrac  [o0C
. . . ! a
correlated beam divergence in the horizontal dioact —z[a]&rms[mrri.
For extreme settings of cor_px the correlated bearargence can not be st
correctly and the beam energy will be increaseddyerator A warning will
be given in this case.
Dist_y | Character*8 | | gaussia
specfies the transverse particle distribution in thetieal direction. For valic
keywords and related parameters see chapter ¢ttaper 7.4.
sig_)y | Real*€ | mm [ 1.C
rms bunch size in the verticdirection. Not significant if Dist_x = radi
C_sig_) | Real*€ | | 0.C
cuts off a gaussian vertical distribution at C_gigimes sig_py. Active
if #0.0.
Ly | Real*€ | mm | 0.C
width of the vertical particle distributic
ry | Real*€ | mm | 0.C

rising of the vertical particle distribution; onflgr plateau distributiol
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=)

y_off | Real*€ | mm | 0.C
the vertical offset of the particle distributi
Disp_y | Real*€ | m | 0.C
vertical dispersion; a vertical offset is addealfigparticles according t
y=y+ Disp_y% ; increases the calculated bunch emittance.
Dist_py | Characte*80 | | gaussia
specifies the transverse momentum distributionhia tertical direction. Fc
valid keywords and related parameters see chafeéo thapter 7.4.
Nemit_y | Real*€ | nmrad mm | 0.C
normalized transverse emittance in the vertical afiom. Can be specifie
instead of a transverse momentum spread. If a momerspread and 3
emittance is specified the emittance has prioftgt significant if Dist_px 5
radial.
sig_p) | Real*€ | evic [0.C
rms value of thihorizontal momentum distributic
C_sig_p) | Real*€ | | 0.C
cuts off a gaussian vertical momentum distributirC_sig_py times sig_p
Active if £ 0.0.
Lpy | Real*€ | evic [0.C
width of the vertical momentum distribution; onlyrfplateau distributiol
rpy | Real*€ | evic [0.C
rising of the vertical momentum disbution; only for plateau distributic
cor_py | Real*€ |  mrac  [o0C

: : . oa
correlated beam divergence in the vertical dwentro—m D/rms[mni .

For extreme settings of cor_py the correlated be#arargence cannot be s
correctly and the beam energy will be increaseddyerator A warning will
be given in this case.
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7.2. 1D distributions

7.2.1uniform distribution
Definition and basic relations

F(X) = —~ for [x|< FVAM
FWHM
0 elsewhere
FWHM
rms value o=
23

Generator specifications

Dimension Key word Parameter unit
FWHMor o

temporal Dist_z = Uniform' | Lt or sig_clock ns

longitudinaf z Dist_z =uniform' | Lz or sig_z mm

longitudinal K, | Dist_pz =Uuniform’

LE or sig_EKin or

keV or keVmm

emit_z
transverse X Dist x mihiform' | Lx or sig_Xx mm
transverse y Dist_y sihiform' | Ly or sig_y mm

transverse p Dist_px = uniform' | Lpx or sig_px of eV/c or mrad mm
Nemit X
transverse p Dist_py = uniform' | Lpy or sig_py ofn eV/c or mrad mm

Nemit_y

L active if Cathode = TRUE,active if Cathode = FALSE

7.2.2plateau distribution
Definition and basic relations

f()=—E L et

L1+ exp(rzt 24X - L)) 2

Definition ofrt:
rt is defined by a straight line with a slofeayiven by:

d
A=—f (X
dx ()|%

Within rt the straight line inclines form 0 to the platealue of the distribution.

FWHM value FWHM =L
L L L
rmsvalue — <0< — n<—
243 28 2
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Example: Plateau distribution withL =1 and rt =0.2.
Straight lines according to the definitionrof

Generator specifications

Dimension Key word ParameterlL, rt unit

temporal Dist_z = plateau' Lt, rt ns

longitudinaf z Dist_z =plateau’ Lz, rz mm
longitudinal g, | Dist pz =plateau’ | LE, rE keV
transverse X Dist_x plateau’ LX, rx mm
transverse y Dist_y plateau’ Ly, ry mm
transverse p Dist_px = plateau' | Lpx, rpx eV/c
transverse p Dist_py = plateau’ | Lpy, rpy eV/c

L active if Cathode = TRUE,active if Cathode = FALSE
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7.2.3inverted parabola (longitudinal)

Definition and basic relations
The inverted parabola distribution produces lineagitudinal space charge fields. It
corresponds to the projection of a uniformly filleipsoid onto the z-axis.

f(g)=— [1—Zj 14< 7,

4|1max iﬂax

FWHM value FWHM =21z,

— Zmnax
rms value g, =—"&

V5

Generator specifications:
Dimension Key word Parameter o unit
temporal Dist_z =inverted' | sig_clock ns
longitudinaf z Dist_z =hverted' | sig_z mm

7.2.4Gaussian distribution
Definition and basic relations

1 1x°
f(x)=——[exg ~—=—5
(%) J2o XF{ 2 02]
FWHM value FWHM = 2,/-200n(0.5 = 2.35

Generator specifications:

Dimension Key word Parameter o unit

temporal Dist_z = gauss' sig_clock ns
longitudinaf z Dist_z =gauss' Sig_z mm
longitudinal E;j, | Dist_pz =gauss’ sig_Ekin or emit_z keV or keVmm
transverse X Dist_x gauss' Sig_Xx mm
transverse y Dist_y gauss' Sig_y mm
transverse p Dist_px = gauss' sig_pxor Nemit_x eV/c or mrad nim
transverse p Dist_py = gauss sig_py or Nemit_y eV/c or mrad mm

I active if Cathode = TRUE,active if Cathode = FALSE
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7.2.5cutted Gaussian distribution
Definition and basic relations

f(x)= 1 e 1 for [ < Ce,
\/ZT - za_ip = ~Cut inp

relation betweew,, and rms value of the cutted distributiogy
Ceu o,

Cut inp

V3

Note that the cut produces a rectangular struct@mmpare with the 2D-Gaussian
distribution 7.3.2.

< O,

out

< Oinp

Generator specifications

Dimension Key word Parameter g,,,, C, unit
temporal Dist_z = gauss' sig_clock, C_sig clock ns, dim. less
longitudinaf z Dist_z =gauss' sig_z, C sig z mm, dim. less
longitudinal K, | Dist_pz =gauss’ sig_Ekin or emit_z, keV or keVmm,
C_sig_Ekin dim. less
transverse X Dist x gauss' sig_x, C_sig_ X mm, dim. less
transverse y Dist_y gauss' sig_y, C_sig_ y mm, dim. less
transverse p Dist_px = gauss' sig_px or Nemit_x,eV/c or mrad mm
C_sig_px dim. less
transverse p Dist_py = gauss' sig_py or Nemit_y,eV/c or mrad mm
C_sig_py dim. less

L active if Cathode = TRUE,active if Cathode = FALSE
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7.3.2D distributions

7.3.1radial uniform distribution
Definition and basic relations

f(x,y)=i2 for x*+y?<r?
i
0 elsewhere

The projection onto the x-axis (eqv. y-axis) isadf kllipse

24r% =x?

Ym
f(x)=2| f(x,y) dy=———— <r
(%) j (xy) dy=="7 | %
with the following properties:

FWHM value FWHM =J/31%

r
rms value a=§

Generator specifications

Dimension Key word Parameterr or o unit

transverse x, y | Dist_x xadial Lx or sig_x mm
uniform’

transverse p p, | Dist_px = tadial Lpx or sig_px or eV/c ormrad mm
uniform’ Nemit_ X

7.3.2(cutted) 2D-Gaussian distribution
Equivalent to distributions 7.2.3 and 7.2.5 buthwif (y) = f(X). The cut will
produce a circular structure.

Generator specifications

Dimension Key word Parameter g,,,, C, unit

transverse x, y | Dist_x 2D- sig_x, C_sig_x mm, dim. less
Gaussian’

transverse p py | Dist_x = 2D- sig_px or Nemit_x,| eV/c or mrad mm
Gaussian’ C_sig_px dim. less
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7.4.3D distributions

7.4.1isotropic momentum distribution

Definition and basic relations
A distribution with isotropic emission angles into half sphere. The following
relations hold:

pi+p;+pi= P’= E; +2E,

P
rms value op, = 0p, =—=
J3

o, =

z 2\/_3

P

mean value pz,mean:E

normalized transverse emittances[1]:

1 2E,.
£y = JX’VG\/_?%D,—%I;;

Generator specifications

Dimension Key word Parameter Ey, unit

Px, By Pz Dist_pz =isotropic' | LE keV
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7.4.2photo emission from a Fermi-Dirac distribution

Definition and basic relations

A distribution describing the photo emission fromnaetallic cathode at room
temperature according to ref. [2]. The random gatogrworks only as true random
generator, the noise reduction option is henceckwd off, if selected in the input

deck. As input parameters the effective work funetd, , i.e. including a possible

reduction due to the Schottky effect, and the phaoergyEpno,: Need to be given.
The following relations hold:

Ephot - weff

rms value op,=op, =
g 3m,¢

— 2
mean Energy E,, zg(Ephot_qaeff)
Energy spreadr,;, =

% ( Ephot - weff)

normalized transverse emittances:

E ho _we
gxyyza_x’y %t Cz ff
m,
Generator specifications
Dimension Key word Parameter units
cDeff ) Ephot
Px: PBys Pz Dist_pz =FD_30C | phi_eff, eV
E_photon
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7.4.3uniformly filled ellipsoid
Definition and basic relations

_ 3 X Y
f(x,y,)=———— for —+—+—<1
4 x[Ly[lz L« Ly L:
0 elsewhere

the projection onto the z-axis (egiv. x- and y-pi8san inverted parabola:
Lx Ly

3 2
f(z):4“: fF(x Y, 2 dxdycm{l—%} | = Lz

with the following properties:

FWHM value FWHM =+/2 1.z
rms value . _Lz
* 5
Generator specifications
Dimension Key word Parameter Lxy.: unit
Or gy, y, ;

temporal Dist_z = tiniform Lt or sig_clock ns
ellipsoid’

longitudinaf z Dist_z =uniform Lz orsig_z mm
ellipsoid’

transverse X Dist_z mhiform Lx or sig_x mm
ellipsoid’

transverse y Dist_z mhiform Ly or sig_y mm
ellipsoid’

I active if Cathode = TRUE,active if Cathode = FALSE
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7.5. Miscellaneous options
7.5.1ring type distributions

If Type = ‘Ring’ is specified any standard transesdistribution is offset by a radius
specified with parameter Rad and uniformly disttdzlion a circle. Thus a circular
charge distribution is generated. The cross sedafotie ring can vary from x to y
depending on the setting of transverse parameters.

7.5.2emission from a curved cathode

In order to start a distribution from a curved cath the radius of the cathode can be
specified with the parameter R_cathode. For thisooghoto emission is assumed,
hence the longitudinal starting position and tletstg time are modified according to
the cathode radius. All other parameters remairnanged.

References

[1] K. Floettmann ‘Note on the thermal emittance ofcetens emitted by Cesium
Telluride photo cathodes’ TESLA-FEL Report 1997-01.
http://flash.desy.de/sites/site_vuvfel/content/éd0842/e839/e829/infoboxCont
ent830/fel1997-01.pdf

[2] D. Dowell, J. Schmerge ‘Quantum efficiency and mher emittance of metal
cathodes’ PRST-AB 12,074201, 2009.
http://prst-ab.aps.org/pdf/PRSTAB/v12/i7/e074201
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8. Appendix I: Field expansion formulas

A solenoid field can be described by a polynomiglassion as:

2 rto re

B, =B,-— B,+— B,——— B,.
4% 64 ¢ 2304

3 r 5

r . r
Bh=-tB+_B-1_§..
(0= BT B g B

where B, is the longitudinal on-axis magnetic field and thame’s indicate
derivatives with respect to z.

In Astra the field expansion extends t&" ®rder or is limited to the *Lorder if
S _higher_order( ) = FALSE; higher order terms tdndbe noisy and are hence
excluded. Since the expansion ends in both cas#gsami odd order the condition
div B =0 is fulfilled, while the condition roB =0 is only approximately fulfilled.

The 3% order term contributes one percent to the radiagmetic field at a field
expansion radiuBRsq given by:

0.08[B,
R3rd =
This quantity can be plotted wifteldplot.

B

4

A cylindrical symmetric TM standing wave mode candxpanded as:

r’f . ot .
E,n= ELO_Z[EZ+§ Ezoﬂsm(wt)

E 0= _—12 E +r1_36( E +C—a2) Iiﬂsin(wt)

2

r r*l . w w
B, = EFTO_HS E+— E, gcos(wt)

c

whereE; is the longitudinal electric field and higher orderms are ignored. A TE
standing wave mode can equivalently be described by

I r?f o
B,m= BLO_Z B#g B, | [cos(w?)
2

r . o} . w
Bn=-—B+—| B+— B ||codwt

16 (o

r r*f , .
E,n= EBZ,O__ B,+— B, ||wsin(w)

In Astra the field expansion extends t&" ®rder or is limited to the SLorder if
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C_higher_order( ) = FALSE; higher order terms telodbe noisy and are hence
excluded.

The polynomial expansion is perfect already thotder for a pure sine-like spatial
wave, since the higher order components yield zerihis case. Deviations from a

pure sine-like spatial field profile lead to appiraations in the condition rdE =-B

for TM modes andot B :EZ for TE modes.
C

In the case of a DC field (only TM mode) the coiaht rotE=0 is only
approximately fulfilled equivalently to the desdimgn of solenoid fields.

The 3¢ order term contributes one percent to the trarsgvetectric or magnetic field
component at a field expansion radisg; given by:

for a TE mode.
These quantities can be plotted wigldplot.

The derivatives of the longitudinal field componeme calculated by a division of
small numbers and are hence sensitive to numeraiaé. The quality of a field table
can be judged by means of plots of the transveetd domponents and especially of
the quantityRs,¢ which is notably sensitive to numerical noise. 8thotransverse
fields require tables of high accuracy and not $bort distance of the longitudinal
base points.

An iterative procedure can be applied in orderaduce the numerical noise. A field
valueF (i.e.B;o0r E; ) at index is replaced by:

F(i):F(i—1)+dF Az with
dz

ﬁ_ Fi+y—Fai-y
dz Zi+n— Z-1)
Az=7)— Z -1

and

This procedure is iteratedtimes where is defined by the user.

The procedure is soft, i.e. a large number of ftend might be required. Than it
removes efficiently sharp, spiky structures in tif@@sverse components but leaves the
average behavior unchanged. Fig. 5 shows an exashpite transverse electric field
from a particularly bad field table. After smootgirwith C_smooth( ) =100 all
spikes are removed without influence onto the ayefzhavior.
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transversal electric field/radius

0

—1000

Ez/x Ey/y MV/m?

—2000
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Z2m

Fig. 5 Example of the transverse electric field poments calculated with the
field expansion formulas from an inaccurate fiedtdle. The numerical noise in
the original data (red, solid line) is removed Whe tsmoothing procedure
(dashed, black line) without influence onto therage behavior.
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9. Appendix Il: Representation of a travelling wavetia
standing waves

A field can be represented in complex form as:
V= AEEXF{ 'wE+a+¢)
c
with: A =Ré&+ Inf

Re . Im
cosa =—; sing=—
A

Re=E, B

m=E, B
where E, and B, denote the electric and magnetic component ofgakpart solution
and E and B the corresponding imaginary part of the soluti@spectively.
Assume for simplicity thatp =0. Particle couple to the real part of the fi&ld

V. = A[to{wéﬂrj
= Aﬂzo{wéj co¢a)- Al siEw—(j sifw)
= Re[bo{wg) - Intd siEw—(j
=E, co{wéj— E sirEa)—(j
and =B cos{w?z()— B sirEa)—(j

An equivalent representation can be formulated Ugyesmposing a standing wave
with ¢ =0 (index c1) with a second standing wave wigh= % (index c2):

z), [ Z
E. co{wz), B, suEa)C)

z T . z 77
E,co§ w—+— |, —-B, sinw—+—
eofwle )i -5, sifwle ]
. z z
=-E, sin w—|; - COS$ w—
Lsif o) -8, cof ]
With the following identification both representats are identical:
E.=E B, =8
E.=E; B,=-B
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10. Appendix lll: Rotation of Elements istra

Rotations of elements are defined by the anglesot..XC xrot, S _xrot ...), ...yrot
(C_yrot, S _yrot ...) and ...zrot (C_zrot, S_yrot ...)

The angle ...xrot defines a rotation in the x-z plane. around the y-axis of the
coordinate system. The sign of the angle is pasitwen the element rotates from
positive z to positive X.

The angle ...yrot defines a rotation in the y-z plane. around the x-axis of the
coordinate system. The sign of the angle is pasitwhen the element rotates from
positive z to positive y.

The angle ...zrot defines a rotation in the x-y plane. around the z-axis of the
coordinate system. The sign of the angle is pasitwhen the element rotates from
positive X to positive y.

zrot
around
Z-axis

xrot yrot
around around
y-axis X-axis

Z

Rotations are performed before offsets are added.

Rotations are performed in the following order:

1% rotation around the y-axis (anglexrot).

2" rotation around the x-axis (angle ...yrot). The anglyrot is defined with respect
to the rotated (...xort) element.

3 rotation around the z-axis (anglezrot). The angle ...zrot is defined with respect
to the rotated (...xort - ...yrot) element.

The units for the rotation angles are radians.
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