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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 programAstrawhich tracks the particles under the influenceextiernal and
internal fields.

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

4. The graphic prograrmostprowhich is used to display phase space plots ofgbart
distributions and allows a detailed analysis ofgghase space distribution.

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

Astrais written in Fortran 90 and runs on different fudans. The main development

platforms are LINUX and Windows. Executables fdnestplatforms are updated less

frequently.

The menu controlled graphic programs are based hen subroutine package

PGPLOT.

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

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

Version 1 and 2 of Astra required that an inputkdeantained all valid namelists in a
fixed order. This restriction does not apply forrslen 3, i.e. only those namelist
which are required need to be specified and theyagpear in arbitrary order. The
minimal form of a namelist is:

&NAME

/

Within a namelist parameters are specified in tienf ‘name = Value’. The order of
the parameters within a namelist is free and dmbgé parameters which are relevant
have to be specified. Specifications are sepatayeal comma or a line feed, with an
arbitrary number of blanks or blank lines in betme€haracter input (keywords and
file names) has in general to be enclosed by goataharks (:..). On some
platforms this is not mandatory, it is still recommaded to ease exchange between
platforms. The input of keywords is not case sersitin general only the first
character(s) are significant. Significant characeme indicated bigold letters in this
manual. Most, but not all compilers allow to incdudomments in the input file
behind an exclamation mark.

! PGPLOT is a graphics subroutine library freelyitmime for non-commercial use. For downloading
and further information see: http://astro.caltedhletjp/pgplot .



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.filénis file may be generated by
the programgenerator or by a user written program. However, also anypuoiu
distribution of theAstra code, which has not been generated with the Lecat = T
option, can be used as input distribution, thugeumg the piecewise tracking of a
long beam line. In order to be compatible with ¢ginaphic 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 Farformat depends on user settings and
is: 1P,8E12.4, 214 (default) or 1P,8E20.12,214 igjlid res = T or binary if binary = T.
The same settings are valid fpgneratorandAstra.

1 2 3 | 4 5 6 7 8 9 10
Parameter X y zl px py peg clogk magmarticle| status
charge| index | flag

Unit m | m | m|eV/¢eVicleVic| ns nC

Table 1: Structure of particle distribution files.

The first line of the file defines the coordinatasthe reference particle in absolute
coordinates. It is recommended to refer it to thedh 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 relativéh® 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 ggpiate spread in time, i.e. clock
values in nanoseconds. In addition the statusH&sgto be set accordingly (see Table
2).
The macro charge of the particle is given in nawmol@mb. It is possible to specify
each particle with a different charge; the emiteanalculation will be done with the
appropriate weighting.
The patrticle index specifies the kind of partidebe 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 defimatio of mass to charge state.

The sign of the charge specified in the column Batkrelevant. It is possible to mix
different kinds of particles as an initial particdestribution.
The status flag contains information of the pagtsfatus 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 gasily possible to follow the
development of individual particles.) Passive péet are tracked as normal particles
but they are not taken into account in the calauiaof the beam emittance etc. and
they are not taken into account when the spacegehald 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 gabinto these particles will be found
in an output file for later analysis.
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Status | Comment Status
flag
-99" average position of distribution will not be tradke
-95 ref. particle only; £> ZStop lost
-94 ref. particle only; more than Max_Step stepsst lo
-9 probe rejected by space charge at the cathboks
-91° rejected by space charge at the cathode lost
-90 probe particle beforené lost
-89 particle before &n lost
-86° probe particle 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 patrticle, lost on aperture lost
-17 trajectory probe particle, lost on aperture t los
-15 standard particle, lost on aperture lost
-6 passive probe particle, at the cathode notteetes
-5 passive particle, at the cathode not yet started
-4 secondary particle not yet started
-3 trajectory probe particle at the cathode notsyatted
-1 standard particle, at the cathode not yet starte
0 passive probe particle tracking
1 passive particle tracking
3 trajectory probe particle tracking
4 cross over particte tracking
5 standard particle tracking
6, 9...33 | probe secondary electrons of generationtracking
2...10 or higher
8, 11...35| secondary electrons of generation 1, @|.tdacking

or higher

1 if the reference particle is lost the average pmsivf the distribution will be saved with
index -99

2 only if Schottky parametrs are specified.

w

only active, if L_rm_back =T is set.

4 passive particles are not taken into accounth®iset-up of the space charge grid, the
calculation of space charge fields and for thewaton of internal beam parametdfghe

2D space charge routine is active the particlestteracked under the influence of space

charge fields, while in case of the 3D routinesgpace charge field is 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 programgeneratorgenerates an initial particle distribution filecaoding to the
previously described specifications.

The input file forgeneratorhas to have the extension “.in". The default fieeme 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 Gfaussian particle distribution:

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

Ref zpos=0.0EOQ, Ref Ekin=2.0E0

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

Dist_px='g', Nemit_x=1.0EOQ, cor_px=0.0E0
Dist_y='g', sig_y=0.75EQ,

Dist_py='g', Nemit_y=1.0EOQ, cor_py=0.0E0

/

Running generator with this input file will result in the generatioof the file
‘Example.ini’ containing the coordinates of 500attens with a total charge of 1 nC.
Since ‘Cathode = F(alse)’ the particles are not teehi from a cathode and a
longitudinal extension of the bunch has to be detirather 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; 1.0oy, -1.00z; 1.50y, -1.50z.
The trajectories of these particles and the spd@ege fields acting onto these
particles will be saved if ‘TrackS = True’ is set.
The specification ‘Noise_reduc = T(rue)’ forces gregram 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 upgnd.
The longitudinal position of the bunch is at 0.Camd the kinetic energy is 2.0 MeV.
The longitudinal distribution is Gaussian with ansr width of 1Imm and a cut at
2 sigma. The distribution of the longitudinal morteeis uniform with an rms width of
1.5 keV. Alternatively it would be possible to sfpg@ longitudinal emittance rather
than the energy spread. No correlated energy sseatioduced.
The transverse distribution is Gaussian in x amdtly an rms width of 0.75 mm. The
distribution of the transverse momenta is also Gansand 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 distributibris possible to add up several
distributions into a common file. In this case ‘Addrue’ and ‘N_add = n’ has to be
specified, where n is the number of distributionsbe added. Than the namelist
INPUT has to be specified n times with differentrgmaeters. (FNAME, Add and
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N_add might be specified only once in the first eéist.) The reference particle of the
combined distribution will be the reference pa#idefined in the first namelist.

If a dispersion is specified an energy correlatatidverse offset will be added in a
final step. The calculated emittance will henceldrger than specified in the input
file.

After running generatorthe result can be visualized by callipgstpro with the
appropriate input argument, e.g. ‘postpro Exammple $ee chapter 5.6.

Besides the file Example.ini the file NORRAN willebcreated bygenerator It
contains a new seed value for the random geneaatbwill be updated every time
generatoris used.



4. The programAstra

The programAstra tracks particles through user defined externdtdig¢aking into
account the space charge field of the particlectldine tracking is based on a non-
adapitve Runge-Kutta integration df drder.

The beam line elements are set up w.r.t. a glabaidinate system iAstra The axis
of the (preferred) motion of the bunch is the zsgongitudinal 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 for Astra has to have the extension “.in’. The default fil@me is
‘rfgun.in’. The input of each class of beam lineraknt is organized in a separated
namelist. Besides the namelists for the beam llaments the namelist NEWRUN
contains general instructions for the tracking, GE contains the settings for the
space charge calculation and SCAN contains instmgtfor the scanning routine. In
the following an example input file without spackarge will be discussed. In a
second step the calculation of space charge figillide 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 inputkdeantained all valid namelists in a
fixed order. This restriction does not apply forrslen 3, i.e. only those namelist
which are required need to be specified and thayappear 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 numiich should be used to
protocol different parameter settings. The run nemviall be found as an extension of
all output files generated stra The input particle distribution has been previgpus
generated witlgenerator It is used without a transverse offset, i.e. gis.aAfter the
phasing of the cavity (‘Auto_phase = T, see chagt8) the reference particle, i.e.
the first particle in the input distribution fileyill be tracked through the beam line to
check the beam line settirlgsn a second step the reference particle willraeked
again, starting with an offset at x mxand y = yms If ‘TRACK_ALL = False’ is set
the tracking will stop here. The maximum time stepthe Runge-Kutta integrator is
defined with the parameter H_max, while H_min idyoactive if the space charge
fields are taken into account (see section 4.4.3).

The second namelist OUTPUT is devoted to the géperaf outpuf. While the
tracking starts at any position where the initiaiticle distribution is launched, output
will be generated between ZStart and ZStop. Thekitng will stop when the bunch
position, i.e. the average position of all actiegtizles 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 numberbetween, separated by dots a
type dependent name is given to the files. Tablgives a complete listing of all
output files generated bAstra including the logical switches to start or supprédse
generation of output.

Astra generates output on different length scales ofldbam line. ‘RefS = True’
generates output of the off-axis reference trajgct@nergy gain etc. at each
Runge-Kutta time step.

Output of the beam emittance and other statisbeam parameters is generated if
‘EmitS = True’. For the calculation of statisticAlunch parameters the distance
ZStop-ZStart is divided into Zemit intervals. Notkat the Runge-Kutta time step is
adjusted, i.e. reduced if necessary, in order terrapt the tracking close to the
specified locations. (The beam position refers e faverage longitudinal beam
position.) This might lead to a reduction of eaahet step, i.e. to an increased
accuracy of the calculation, if the intervals anerser than the bunch motion in one
time step. A warning is given in this case becahseresult of the calculation might
depend on an output parameter if H_max is too big!

The complete particle distribution is saved at ZAghadifferent locations if
‘PhaseS = True'. The distance ZStop-ZStart isddighiinto Zphase intervals and the
nearest location defined by means of Zemit is ano$herefore it is recommended to
set Zemit = n-Zphasey [N . The approximate position is indicated in the fieme
as a four digit number, which corresponds in gdrter¢he rounded beam position in
cm. If necessary the units for the file name débniis changed (if the distance of the
output positions is too small, or if the last outposition is too big). If required the
naming convention is changed to a relative posifien output position minus start
position) which is indicated by a warning message.

All namelists but NEWRUN start with a logical switowvhich allows to deactivate all

L If ‘Track_On_Axis=True’ is set tracking will stdpere.
2 Many but not all of the parameters in OUTPUT wigr¢he namelist NEWRUN in previous versions
of ASTRA and are still accepted in this namelist.



elements in that Ilist, without changing other pastars. 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 structures alectrostatic fields. The
dependence of the longitudinal electric field comgrat 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 taahd 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 th& n
cavity. Nue(n) states the frequency, MaxE(n) thaximum amplitude of the field
and Phi(n) the phase of the wave. By default therggngain 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 wavevld+ @ is increasing with time, i.e. the tail of the bbricees’ a

higher phase than the head. Thus, in order to thigetail a higher energy than the
head, one has to go to negative phases Phi(n)pfid&se, 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 refer@acticle when it is starting to be
tracked. The auto-phasing can be switched off hitinge‘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, dmmaximum 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 tegample 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 algamis themselves are of comparable
performance, however, 3D space charge calculatesre, due to the larger number
of grid cells, a much larger number of macro p&ticn order to avoid statistical
problems. Moreover is in case of the 3D algorithmlya linear interpolation within
the grid cells applied, while a cubic spline intdgiion is employed within the
cylindrical grid algorithm. Therefore a finer gridsolution might be required in the
case of the 3D algorithm.

4.4.Calculation of the space charge field with the cytidrical 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 isebtz transformed into the average
rest system of the bunch, where the motion of #méigles is to good approximation
non relativistic and a static field calculation cée performed by integrating

numerically over the rings thereby assuming a @oristharge density inside a ring.
The field contributions of the individual rings tae center points of the grid cells are
added up and transformed back into the laboratysiem. Here the field at any given
point between the grid center points is calculabgd means of a cubic spline
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interpolation, so that the field and the first @latives w. r. t. the space coordinates are
continuous functions. Outside of the grid a 1/rrapolation is applied, so that the
space charge field is defined (with reduced acgyraeer the whole space. For the
tracking the space charge field is treated like @ékternal field, i.e. an Runge-Kutta
integration is performed based on the sum of @kmmal and internal forces. It would,
however, be too time consuming (and useless) wulzdE the space charge field on
the grid center points again at every Runge-Kutte tstep. Therefore an automatic
procedure has been implemented which scales thee sgaarge field and the grid
dimensions with the variation of the beam size, beam energy etc. A new
calculation of the field on the grid center poimgsinitiated 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 cytialdgrid, consisting of rings in the
radial direction and of slices in the longitudindirection. The grid is set up
dynamically, i.e. the grid dimensions are basethenactual dimensions of the bunch.
The user has to define the number of slices (pam&ong_in) and rings (parameter
Nrad) that shall match exactly the dimensions ef inch. For the calculation two
more rings and four more slices are added outditleedounch.

The total number of particles inside a ring scafes,a distribution with uniform
charge density, linearly with the radius in theside region of the bunch but more
quadratically at the innermost region. As an examgbnsider the case of 5000
particles uniformly distributed in a grid of 10 g® of equal thickness. In the
innermost ring only about 50 particles will be ltedh while in the outermost ring
about 950 patrticles will be counted. When theséighes are additionally distributed
into 100 longitudinal slices, half of the innermoisigs will be empty, which causes
statistical fluctuations in the field descriptioRurthermore one has to take into
account, that the field of a charge ring acts pm@dantly to the outside of the ring.
Thus the field in the outside region of the bunshcomposed by more or less all
particles while this is not the case in the centeglion of the bunch. To counteract
this unfavorable situation it is possible to vamg tradial grid 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 highhesoutermost ring. In order to get
a sufficient statistical accuracy it is neverthslegcessary to choose a small number
of grid cells or a high number of particles, respety. The description of the fields
will, however, have a better resolution than sutggedy the grid size due to the
smooth interpolation algorithm.

The space charge fields generated by a particteldison can be visualized with the
programfieldplot. (See chapter 5.7.) Here also the number of gild @and the cell
variation may be changed and optimized.

4.4.2Merging longitudinal grid cells

In order to vary the longitudinal grid size withime bunch neighboring cells can be
merged together. If, for example, the bunch cosgisit of a short spike and a long
tail the parameter N_long_in is specified so thatspike can be resolved. In order to
improve the statistical properties in the rarelpyplated tail cells can be merged with
the statements ‘Merge_1i4, K’ to ‘Merge_10 =i, j, K, wherei is the starting cell

is the end cell andk is the number of cells to be merged. For exampid w

Merge 1 = 1,50,10 cells number 1 to 50 are mergaa5 new cells each consisting



out of 10 original cells. Note thai._li(—+1 has to be an integer. Udgreldplot to

visualize and optimize the longitudinal grid. Anaaxple 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 gjtpin different parts of a beam line,
depending on the relative contribution of spaceghand external fields. Time steps
are adjusted automatically within user defined tarin Astra. The maximum time
step, often limited by external fields (RF fieldenge fields), is determined by the
parameter H_max. The convergence of the simulatsnlts for decreasing H_max
should be checked. Separate tracking of differentiens of the beam line allows to
optimize H_max for each section.

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

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 timingeag of the initial particle
distribution. The particles are ordered accordmghieir emission time and the space
charge field is scaled for the increased charge #ie 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 deraprecalculation of the space
charge field is performed after each user-defirtep size H_min. No scaling of the
field other than the scaling with the charge witthia time step is applied.
If during the emission the space charge field sballpdatedh times, H_min has to
be T/n whereT is the total emission time. In general H_min isuacritical parameter
if n is reasonably high. It is however useless torsgery high if the number of
particles is not very high.
Alternatively, the average number of particles ¢oelmitted during each emission step
can be specified with the parameter N_min. To atéithis option H_min should be
specified as zero. Then it is set according to:
H min=T N_ min (4.1)
Npart
with Npart being the total number of particles in the bunch.
Since the number of particles is small during ih&t Bteps of the emission process the
number of longitudinal slices shall be reduced miyiihe emission by means of the
parameter min_grid, which defines the minimal gside in longitudinal direction.
Whenever the bunch length is so small, that theé gide would be below min_grid,
the number of slices is reduced accordingly. Thechdengthsy,, after the first time
step,t = H_min has been performed can be estimated as:
_eE,
Suin —%t (4.2)
whereE is the accelerating field strength amds the rest mass of the particles in the
bunch.

10



ASTRA User's manual

If min_grid is set to this value the number of eidncreases smoothly as the bunch
length and the number of particles during the eimmsprocess.

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

For setting up the grid also particles which areemoitted yet are taken into account
for the radial direction, in order to avoid too dhradii during the first steps of the
process.

By default the mirror charge of the bunch at thihade plane is taken into account if
the bunch is emitted from the cathode. The fieldthe ‘mirror bunch’ are calculated
in the rest system of the mirror bunch at the Ltrdransformed distance between
bunch and mirror bunch, transformed back into #t®tatory system and added to the
field of the bunch. The calculation of the mirrdracge is switched off when the
contribution of the mirror bunch field at two pasits of the bunch (in the center and
in the tail of the bunch) is below 1%. of the burfadid. For the calculation of the
mirror charge the grid is modified in a way thae tireld is calculated directly in the
cathode plane, rather than in the center of a cell.

When the bunch is emitted from a cathode, the tadgial position of the cathode is
set to the minimal particle position by default. §tthe bunch is not emitted from the
cathode but shall be started in front of the caghtite cathode position has to be
explicitly specified with the parameter Z_Cathode.

The calculation of the mirror charge can be summe@dy setting ‘Lmirror = False’.
Retarded time effects and radiation effects ardaian into account.

4.4.5Correction of the mirror charge for the case of a mn-planar cathode

In order to correct the mirror charge contributiarthe case of a non-planar cathode
the cathode surface has to be described by meams$able. The table contains in the
first two columns the longitudinal and radial pasitof a number of points describing
the contour of the cathode. The third and fourttumm of the table contains the
components of the tangential unit vector of thénadé at the same points. For each
point of the table a charge ring will be locateglsly behind the cathode surface.
The rings carry charges such, that the electrikd fieector of the combined space
charge field is perpendicular to the cathode setfat order to determine the charges
a system of equations with n unknowns has to beeddbr n points in the input table.
In addition to the table the curvature of the cdthon the axis has to be specified in
the input deck. Special care is required in case fafld description by means of a 3D
field map because the map is defined on a rectanguid and cannot follow the
cathode contour. By adjusting the field valuestmndrid positions behind the cathode
a correct field description is still possible.

The cathode contour incl. the position of the chaiggs behind the cathode and the
field on the cathode surface can be visualized Vighlplot See also section 7.5.2.
This procedure has been worked out by D. JanssdnVawolkov. An example
application of this option is described in [2].

4.4.6Minimum time step without emission process
When the simulation starts without emission froroaghode the parameter H_min is
in general uncritical. By default it is reset torHax/100 if it is set to zero in the input
deck.
In cases of extreme space charge forces the faipwriterion becomes, however,
significant: In a real beam all particles move diameously, while in a simulation
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particles move one after the other in small stépsrder to avoid that particles move
a significant fraction of a grid cell within onente step, which would lead to an
unphysical variation of the space charge field,libiech dimension should change by
an amount which is small compared to a grid cethinia single time step. In cases of
extreme space charge fields this criterion mightib&ated. Hencéstra controls this
criterion and reduces the time steps if requirethe Tuser defined parameter
Exp_control specifies the maximum tolerable vamiatiof 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 medimgrid size within a time step.
While the control of this criterion may lead to yemall 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 immmove

4.4.7Scaling of the space charge field

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

nr(r) nr(z) nr(y)
Yo
nz(r) nz( Zp)

UV

Q

B, Erﬁ
0
where Q/Q, ar/ary, 0z/0z, YlYo and B/Bodenote the relative variation of the bunch
charge, the bunch radius, length, energy and \glaeispectively.

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

nr(r), nr(z), nr(y), nz(r) andnzy z are functions that depend on the aspect ratio

A=0, % of the bunch in the rest system. They are con$ta >> 1.

In case of a pancake like bunch the fields aregutamal to:

2
Er Dgx(ﬁj xl
Q \og Yo

r

2
E, 0 gx(&j Iauto
QO g Jz y

r

while a cigar like bunch scales like:

g, 0
E, Dgx 0 x %0
Q o o

r z

EDQ( %yoj
Ql oy

The functions used iAstraare only approximate functions that fit roughlymerical
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results for a number of bunch dimensions with umifolongitudinal and radial
distribution. However, the scaling is in any cas#idr than assuming a constant field.

If the scaling factor for the radial or longitudiredectric field exceeds a user-defined
limit a new space charge calculation is initiatétle parameter Max_scale defines
this limit; if for example ‘Max_scale = 0.05’ theaing factor has to be between 1.05
and 0.95, respectively.

An extrapolation of the time depended scaling fisctis used to determine the
maximum allowable next step size. If the next stigp would be below H_min a new
calculation of the space charge field is initiat&terefore the space charge field is
not only updated more frequently in regions of sijlg varying space charge fields,
also the average step size is reduced.

Strong changes of the particle distribution, witheariation of the bunch dimensions,
cannot be taken into account by the scaling rowime have to be treated separately.
This effect is observed during the compensatiorcgss of space charge induced
emittance growth close to the emittance minimumenvkhe particles in the bunch
center move outwards, while the particles in thedh&nd the tail of the bunch are still
moving inward. In order to limit the number of dngl steps in this case, the
parameter Max_count can be set.

As long as particles are emitted from a cathodesttading procedure is not active.
Instead the space charge fields are updated aiftértene step H_min.

The effectiveness of the scaling and the settindylak_scale can be controlled by
setting ‘TrackS = True’. A file will be logged thabntains the trajectories of particles
marked as probe particles and the space charge feting onto 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 hundeatticles.)
Since the data are logged at each Runge-Kuttadiepethe generated files tend to be
large. Therefore one might consider using thisawptinly for short critical sections
and not for long beam lines. Additional informatiabout the scaling procedure can
be gained if the option ‘TcheckS = True' is setfila will be logged that contains the
scaling factors at each time step separated inte thontributions

g, o Yo

the space charge field development. Also the sgagunter, which counts how often
the field is scaled before it is updated and tineetbetween updates of the space
charge fields is saved. The later one is usedltulede the average Runge-Kutta time
step. See the descriptionlofeplot section 5.5.2or displaying results.

o nr(r) nr(z) nr(y)
( r°j , (iJ , [lj etc., which allows to identify the driving force of

4.4.8The Mélange option

With the Mélange option it is possible to defin@article distribution consisting of
groups of particles which will be treated sepasatelthe space charge calculation.
These groups may have a different energy or mayiffiereht particle types. The
standard scaling of the time steps might not wordli cases as stable as usual in this
case, because it can react only on the averagdogeavent of all particles. (In detail it
depends on how different the distributions are.)efis convergence checks for the
space charge calculation parameters are recommefdete parameters might need a
more strict definition and as a result the caléafatmight slow down. First tests
should be done on a short section.

The Mélange option works only with the 2D space ghaoutine, relative transverse
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offsets of the particle groups are hence not ptessib

The Mélange option is controlled with the paramé&tetange in the namelist Charge.
Melange = 2 means that 2 different distributions arixed together. Note that the
calculation takes place on a common grid, i.ehd distributions are longitudinally
separated by a large distance a much larger gtidbwiset up and more grid cells are
needed.

To mark the two groups first a mixed distributiorcieated, e.g. with generator using
the ‘add’ command. This distribution needs to be ifredl externally: while the first
group of particles keeps the status flag 5 as usimalsecond group gets the flag 7, a
third group would get flag 10 and for every furtlygoup the flag number would be
increased by 3 (10, 13, ...).

Astra will calculate beam parameters for the midetribution with standard settings,
but can also be forced to take only one group auiwount, see section 4.13.9 of the
manual. Also the color settings in postpro can édefined in a similar way, see
section 5.6.
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4.5. Calculation of the space charge field with the 3D IFT
algorithm

To activate the 3D space charge calculation thenpetex ‘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 isdzh®n a fast Fourier transform the
number of grid lines in each direction has to beatdo 2", nON. Astra will 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 each dtren 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 @ect.5.2.). The space charge
calculation takes place as electro static calauain the average rest frame of the
bunch. A constant charge density inside the cels@imed. The potential of the space
charge field is derived by a convolution of the rgggadensity of the grid with the
analytically calculated Green’s function as desalibn [1]. The derivatives of the
electrostatic potential yield then the componeritthe space charge field which is
transformed back into the laboratory frame. In orgesuppress noise the potential
may be smoothed with a soft iterative procedure. Plagameters Smooth_x,
Smooth_y and Smooth_z can be used to specify thanof iterations to be applied
for each direction. The setup of the grid and tHecefof the smoothing should be
checked witHieldplot

4.5.1Restrictions of the 3D FFT algorithm
The 3D algorithm doesn’t provide special featurastifie emission of particles from
the cathode in its present form. Image charge $ooamnot be included. During the
emission the complete grid is set up already #fiefirst time step.
The field description is restricted to the grid; benthe optional use of passive
particles, which may travel outside of the gridijnsited.

4.5.2Estimation of the average number of particles perell

The Cartesian grid forms a cuboid around the bunbitiwleads necessarily to a
number of empty cells since a bunch is in genesélcnboid. An adjustable number
of additional empty cells can be included in theraries in order to allow a finer
adjustment of grid resolution and required numidgrasticles. Assuming a uniformly
filled cylindrical bunch with ellipsoidal transversross section the average number
of particles per grid ceNl_, can be estimated as:

N :ﬂ Ntot
' (Nxf -1- 2Nx0) ( Nyf-1- 2Ny) ( Nz + 2N2D)
And for the case of a uniformly filled ellipsoid:as
N =E Ntot
I (Nxf -1-2Nx0) ( Nyf-1- 2Nyg ( Nzf &+ 2N2)

4.5.3Scaling of the space charge field and time step ciol

The scaling of the space charge field and the sdttipe time steps follows the same
procedures and formulas as described above fo2Ehalgorithm. Instead of the
radial field both transverse components are treaggdrately, so that the procedure
works also in case of varying transverse aspeict. rat
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4.6. Automatic transition from 2D to 3D calculation

It is possible to switch between 2D and 3D spa@gshcalculation within a tracking
calculation. For this the switch L2D_3D is set toet and the position at which the
transition should be made is specified with theapeterz_trans When the bunch
passex_transthe results of a 3D space charge calculation péeal to all particles
beyondz_trans while a 2D calculation is made for particles lvefdhe specified
position. The number of longitudinal cells of the 8bd has to be reduced as more
and more particles passirgtrans Thus a minimal grid length has to be specified
with the parametamnin_grid_transequivalently to the minimal grid length defined fo
the emission process.

4.7.Emission process

Important aspects of the simulation of the emisgimotess imMstra are described in
section 4.4.4.

Particle distributions which can be generated githeratorare described in chapter
7 and following. Besides this it is possible todgaarticle distributions from other
programs if they are compatible to the file stroetdescribed in chapter 2.

Within Astra it is possible to rescale a number of parametdrghe particle
distribution (e.g. the bunch size, the charge ste,chapter 6.1) and to define offsets,
which allows doing parameter scans as describetapter 4.8.

Additionally it is possible to modify the emissidarm a cathode by specifying a
delay time and parameters to model the Schottlgcgffespectively.

If the delay timeTauis not zero in the input deck an exponential deldybe applied

to the emission of the particles. Thus, if for exérpe input distribution represents
an incoming photon bunch, it is possible to modealetay of the photo emission
process of the cathode. The delay time is randorhiysen and added to the
predefined emission time. Note, that statisticab@anight be increased if the initial
distribution is quasi-random.

The Schottky effect describes the lowering of threkafunction or electron affinity
of a material by an external electric field, whitdads to an increased electron
emission from a cathode [2]. Wstrathe charge of a particle is determined at the
time of its emission as:

Q=Q,+Srt_Q_Schottky’ B Q Schottky

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

The chargeQp is the charge of the particle as defined in thguindistribution
(eventually rescaled according to the param&bunch and Srt_Q_Schottkyand
Q_Schottky describe the field dependent emission process. d&orexemplary
discussion of the Schottky and related effect{3@nd references therein.

To visualize the development of the space charde die the cathode and important
beam parameters during the emission process séto@zS = True'. See Table 3 and
Table 4 and section 5.5.4.
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4.8.The Auto_phase option

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

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

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

In the auto-phasing procedure the reference paisdracked through the consecutive
cavities. For each cavity the phase is scannedraetrmes with decreasing phase
steps around the phase of maximum energy gain. egehase of maximum energy
gain has been determined with high accuracy thecfears finally tracked at the user
defined phase through the cavity and up to theaso& of the subsequent cavity.
Note, that the optimum phase of the complete gartistribution coincides only with
the optimum phase of the reference particle isitacated at the weighted average
longitudinal or temporal position of the distribati respectively.

In the case of overlapping modes the order of tiesing procedure is determined by
the order of the start positions of the cavitieghathe case of equal start positions, by
the order in which the modes appear in the inpukd# the particle velocity is
changing inside the cavity, the phases of overlappnodes 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 betwten phases determined by the
auto-phasing procedure and the phases which mieithe energy spread of the beam
(without space charge fields) can be observed mmes@ases. Different factors
contribute to this discrepancy, one is, that tHferemce 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 irstentock of the tracking program.
The starting time of the tracking program is deteedivia the input distribution, see
Table 1. The starting time can also be changed Wwétparameter Toff in the namelist
NEWRUN. If the RF structures described in the inpeick have all the same
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frequency a modification of Toff is equivalent tglase shift of all cavities with the
parameter phi(0).

In general the starting time is an arbitrary vallresome cases, if for example a
timing jitter of the particle source shall be intrgated a defined variation of the
starting time is necessary. (See the output pammeif the scanning routine in
chapter 6.3.) Note, however, that a modification tbé starting time will be
compensated by a phase shift if ‘Auto_Phase = Tisuget.

4.9. Scanning and optimizing beam parameters

Astraoffers different options to perform parameter scand optimizations. A simple,
predefined scan based on a single particle tracKithg reference particle) is
performed by setting ‘PHASE_SCAN = True’ in NEWRUN. Thaeergy gain as
function of the cavity phase is stored as wellheskiunch compression factor, i.e. the
ratio of the bunch length at the exit of the caw@yhe bunch length at the entrance of
the cavity. From the derivative of the energy gaint. the cavity phase a quantity is
derived which is proportional to the RF inducedrggespread. (See section 5.5.2.)
When the scan for one cavity is finished, the efee particle will be tracked through
the cavity on the user-defined phase up to thearoér of the next cavity. Thus, for
low energy beamg3(< 1), the result of the scan for downstream cesitiepends on
the user-defined phase.

User defined scans can be performed with the segnpiocedure defined in the
namelist SCAN. The following example shows a settioga 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(1)="hor. Emittance’
FOM(2)="long. Emittance’
FOM(3)="bunch length’

/

All valid scanning parameters are written in italktters in the namelist tables of
chapter 6. Besides the minimum and maximum sett pdithe scanning parameter,
S _min and S_max, the total number of set pointsuBlnhas to be specified. The
user also has to define which beam parameters Bhadtored. Up to 10 different
output parameters can be specified (FOM(1) to FA@y(1See chapter 6.3 for a
listing of valid keywords. The standard output gatien (emittance vs. z etc.) is
suppressed when a scan is performed. Setting ‘loexteTrue’ allows to increase the
scanning range without losing data from a previpyarformed scan with the same
run number.

While with the specifications discussed above atbmeters, as defined with FOM(1)
to FOM(10), are saved at the end of the beam itnis, also possible to look for a
minimum or maximum within a predefined longitudina@nge with the scanning
routine. In this case ‘L_min =True’ or ‘L_max = Trubas to be specified. The
minimum or maximum value of FOM(1) within the lotgiinal interval S_zmin to

S_zmax will be saved. The interval is divided intad® subintervals. At the end of
each subinterval the emittance etc. is calculatetithe value of FOM(1) is updated
accordingly. The values of FOM(2) to FOM(10) will baved at the position of the
minimum/maximum of FOM(1). The position of the minim/maximum will also be
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saved.

Automatically searching for a setting where the apster FOM(1) reaches a
minimum, a maximum or a predefined value (matchueglby refined scans in
smaller intervals around the optimum is activated detting O_min, O_max or
O_match true. The parameter O_depth defines the eumibrefined scans to be
performed. The total number of runs in this casabisut S_numb O_depth. If the
optimum is outside the initial interval (S_min —rax) 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 edm 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(1)="hor. spot size’

/

the maximum of the horizontal beam size betweendl1a5 m will be minimized.
Another possibility for parameter scans is givethwie looping option. All namelists
start with the parameters LOOP. If ‘LOOP = Trues&t, the parameter NLoop in the
namelist NEWRUN has to be set to a positive integdune. The complete namelist
for which the looping has been activated has tospecified NLoop times with
varying parameters. (With the exception of the n@n&RROR, see chapter 6.5.)
Astra will perform NLoop complete tracking calculationaiorking successively
through the specified namelists and incrementimgrtin number automatically. It is
possible to specify ‘NLoop = True’ simultaneouslyniore than on namelist. With the
following settings two runs will be performed witlo different solenoid field maps:

&NEWRUN
Loop=.FALSE.
i\.IILoop: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 combihements from other
namelists to modules. Modules can be used to danpeter scans or to introduce
correlated errors, e.g. for a number of magnetnehts which are powered by a
common power supply, a number of RF structures kvlaie driven by the same
klystron or elements which are mounted on a commiotier. Module definitions
don’t substitute the individual definitions in thespective namelists but act in
addition onto the elements. In the following exaepl

&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 contbioenodule 1 and elements 1 and
2 of the namelist quadrupole form together withmedat 3 of the namelist cavity
module number 2.

The strength of the RF elements of module 1 is dcae90% of their individual
settings and the phase is shifted (in additiom&oindividual settings) by -2.0 degree.
The strength of magnetic elements of module 2 iseased by 15 %. Module number
2 has an offset and is rotated in the x-z plane.rotaion of the module leads to an
additional offset and a rotation of the module edats depending on their individual
positions and the longitudinal pivot point of th@dule Mod_zpos. Individual offsets
and rotation angles can still be specified for eglelment in the respective namelist.
The program would accept also to scale the strengtRF elements of module
number 2 or to apply offsets to module number hcS&ielement 3 of the namelist
cavity is an element of module 1 and module 2 dioissn’t make sense, however, the
user has to take care of this kind of conflicts.
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4.11.Apertures and Secondary Electron Emission irAstra

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

material properties for secondary electron emissircular apertures can be defined

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

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

apertures can be defined internally by keywordg.onl

The boundaries of apertures defined by keywords#iner parallel or perpendicular

to the z-axis.

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

step size of 0, i.e. it is not allowed to step bacl create nose-like structures.

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

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

Fig. 1 Sketch of closed apertures. The aperturéneriefft does not ensure that
particles are lost with the condition r 7. since the closing walls have zero
wall thickness.

4.11.1 Secondary electron emission

Secondary emission of electrons from limiting apex$ can be includedh the
namelist APERTURE.
The Secondary Electron Yield (SEY) is modeledAstra according to the following
function [1]:
E,. SE_ fs
SEY( E. )= SE @ Kin =
( g"n) = SE_ Epm SE_fs

SE_ fo-14| n
SE_Ep

SE_ fe1

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

parameter describes the functional dependenceeasdbondary electron yield on the
impact energy, SE_ d0 and SE _Epm are scaling parameters which determine the

maximum yield and the impact energy which givesmfaximum vyield.
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Fig. 2 Secondary Electron Yield for various partaresE_ fs.

When an electron hits an apertubstra generates a random integer number of
secondaries according to this model function usingoisson generator. The macro
charge of the secondaries corresponds to the nthenge of the primary electron.
The initial kinetic energy of the secondaries isrugefined. If the sum of the kinetic
energies of all secondaries produced in one evardegls the kinetic energy of the
primary electron the kinetic energy of the secoiedars reduced accordingly. The
secondary electrons are emitted isotropically itite half space over the material
boundary equivalently to the distribution describedsection 7.4.1. An exponential
delay time for the particle emission can be inctude

While without secondary emission particles are fmshewhat inside the material of
an aperture, the entrance position and hence thesiem position of the secondary
electrons is corrected to the surface boundargdbsdary emission is active.

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

R= exp( SE_ ff]Dex;E— SE—E ffzj( o ffZD

2E
where SE _ ff 1and SE _ ff 2are user defined parameters and E is the absaiue

of the externally applied field at the position dimde of the emission process [4]. 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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Field Enhancement Factor R
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Fig. 3 Field Enhancement FactRras function of paramet&E_ff1for various
ratios of SE_ff2to the applied gradiefi

Examples of Astra simulations including secondary emission can bendo in
references [5]-[7].
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4.12.Data output and organization of output files

Output of the beam emittance and other statisbeam parameters is generated if
‘EmitS = True'. For the calculation of statistichlnch parameters the distance
ZStop-ZStart is divided into Zemit intervals. Ndtet the Runge-Kutta time step is
adjusted, i.e. reduced if necessary, in order terriapt the tracking close to the
specified locations. (The beam position refers he average longitudinal beam
position.) This might lead to a reduction of eaahet step, i.e. to an increased
accuracy of the calculation, if the intervals anerser than the bunch motion in one
time step. A warning is given in this case becabseresult of the calculation might
depend on a parameter for the output generatidnnfiax is too big.

The complete particle distribution is saved at Zghdifferent locations if ‘PhaseS =
True’. The distance ZStop-ZStart is divided intohZpe intervals and the nearest
location defined by means of Zemit is chosen. Itegsommended to set Zemit =
n-Zphase,nON. Additional output positions can be specified Ipedfying screen
locations (see chapter 6.2). The approximate ladgial position of a saved particle
distribution is indicated in the file name as arfdigit number, which corresponds in
general to the rounded beam position in cm. If sgaey the units for the file name
definition is changed (if the distance of the odtpasitions is too small, or if the last
output position is too big). If required the namitwnvention is changed to a relative
position (i.e. output position minus start posijiavhich is indicated by a warning
message.

In some cases it is desirable to generate outpagdoan time steps rather than on
locations. For this purpose the switch T_PhaseSbeaset true. A complete particle
distribution is saved in time intervals defined®ep_ widthH, where Step_width is a
user defined integer number and H is the RungeaKuitne step which is
automatically adjusted (between H_min and H_max)rber to limit the generation
of output with this option the parameter Step _max loe set to-6tep_width, where n
is the number of particle distributions to be savéde T_PhaseS option can be
combined with the PhaseS option.

A log file is generated for each run. In the fsstction of the log file all namelists of
the input deck containing user specified or defaalues of all possible parameters
are stored. The output is generated in a systerandigmt format; hence this file can
in general not be transformed to a different systeitmout problems. While this
section is somewhat difficult to read, the way theput is generated allows printout
also in cases of serious errors. In the secondgbdhie log file a listing of the names
and z-locations or times of saved phase spacehdistms is stored which is required
by the graphic programostrpo. The third column of the listing contains the saliel
field value at the location of the saved phase espigstribution.

Astraproduces output on different length scales, tinses or scales for the variation
of a parameter, respectively. Table 3 lists gendamames, logical switches and the
scale on which data are stored.

Table 4 lists the output file data structure, ite parameters that can be found in the
different files, their units and the format of tfikes. Note, that the generation of
output increases the computation time, especialgrwit is created on short time
scales like tcheck and track files. Hence no slyw output should be generated
when computation time is an issue.
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pns

4

generic name logical switch approx. scale
project.ref.run RefS Runge-Kutta time step,H
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)/Zemft
project.Zemt.run
project.Xemit2.run | Lsub_cor (ZStop-ZStart)/Zerit
project.Yemit2.run
project. TRemit.run TR_emitS (ZStop-ZStart)/Zemit
project.Cr_emit.run | Cross_stast | (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)/Zémit
project.Larmor.run LarmorS (ZStop-ZStart)/Zemit
project.Sigma.run SigmaS (ZStop-ZStart)/Zémit
project.Density.run DensityS (ZStop-ZStart)/Zemit
project.zpos.run PhaseS (ZStop-ZStart)/Zphase, eScr& Wake
positions
project.tstep.run T PhaseS Step_width- Runge-Kintia step
project.Lost_Part.rum 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 Sereéen positions
project.PScan.run Phase_scar 1 degree of the RE phaach 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 positaontsStep _width- Runge-Kutta time step.

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

Astra
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Name 1 2 3 4 5 6 7 8 9 Format
ref z t pz d;/ Larmor angle Xoff Yoft pXx py 1P,9E12.4
m ns MeV/c dz rad mm mm eVic eVic 1P,9E20.12
MeV/m
track seq. | stat. flag z X y Ez Er, or Ex 0.0, or Ey 215,1P,6E12.4
numb m mm mm Vim Vim Vim
Cathode z t long. sp. ch.| acc. field on charge min. grid max grid emission flag 1P, 7E12.4,L3
m ns field on cathode nC position position
cathode V/m Vim m m
Fields z t Cavity gradient (i) (i = 1...number of cavitiegN 1P,NcE12.4
m ns MV/m
tcheck z t nr(r) o nr(z) nr(y) nz(r) Y nz(y 2 scaling 1P,7E12.4,110
m ns ro —z0 Z ro —~z0 70 counter
ar Jz yO ar az y
Xemit z t Xavr Xrms X ms € x.norm X=X aur 1P,7E12.4
m ns mm mm mrad mtmrad mm mrad
Yemit z t Yavr Yrms y, rms € y.norm y: y,avr 1P,7E12.4
m ns mm mm mrad mtmrad mm mrad
Zemit z t Eyin Zrms AE s € 2.norm Z-Elar 1P,7E12.4
m ns Mev mm kev mtkeV mm keV
Xemit2 z K;,z K;z SL?gr:wlged ’ K;,E K;E gﬁr:ged °f 1P,7E12.4
m Tirad m mirad m mmrad mm mirad m mirad m mtmrad mm
Yemit2 z K, KJ, g;ffr:ged z KJe KJe g;ffr:ged &E 1P,7E12.4
m Tirad m mirad m mmrad mm mirad m mirad m mmrad mm
TRemit z t gtrace space gtrace space gtrace space 1P , BE12.4
m ns X,rms y,rms z,rms
mtmrad mm | mtmrad mm TTum
Cr_emit z t Xrms Yims E e £ ms rest charge | cross over 1P,8E12.4
m ns mm mm ' ' nC charge
mtmrad mm | Ttmrad mm nC
Sub_emit z t Xrms Yims E e £ ms charge of active rest 1P,8E12.4
m ns mm mm Yd ‘d sub- charge
mtmrad mm | Ttmrad mm ensemble nC
nC
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Cemit z € wnorm-, CX_95, Cx_90, Cx_80 € xnom-, Cy_95, Cy_90, Cy_80 € wnom-, Cz_95, Cz_90, Cz_80 1P,13E12.4
m mtmrad mm mtmrad mm tkeV mm
C99emit z € xnorm-, CX_99.99, Cx_99.9, Cx_99 € ,norm., Cy_99.99, Cy_99.9, Cy 99 &,nom., Cz_99.99, Cz 99.9, Cz 99| 1P,13E12.4
m mtmrad mm mmmrad mm 1keV mm
Larmor z t avr. Larmor | rms Larmor 1P,4E12.4
m ns angle angle
rad rad
Sigma z Eyin sigi; (i=1..6,)=1i..6) 1P,23E14.6
m Mev
Density z t Number of particles (i), Particle density (i) (1=5) 1P,12E12.4
m ns
zpos 1P,8E12.4,214
tstepl 1P,8E_20.12,2I4
Lost_Part binary
Log file z Bz A50,2D12.4
name m T
LandF z Npar? Q number of deposited tot. energy 1P,6E12.4
m nC lost particle3 |  energy exchange
J with fields®
J
PScan phasg  Egn compression ﬂ/ﬂo 1P,4E12.4
deg MeV factor
Scan Scan_| z FOM(1) - FOM(10) 1P,12E17.8
para m
lab Label for scan and error plots: X-axis, Y-axidetit A80
Error Run # z FOM(1) - FOM(10) 1P,12E17.8
m

1 zpos = z-position, tstep = time step; zpos, tampLost Part files have the same structure ag diptribution 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.:

B RB= pﬁ%y
B B= R,—%X
Z, E<in

wherex, y, zare the particle coordinatgs, py are the transverse particle momenta,
B, is the solenoid field at the particle position dfig 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 bundaken for all particles in the bunch.

All particles with status flag>1 are taken int@wcaunt for the emittance
calculation (see Table 2).

A number of options are provided in order to modhg 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 momentora beam, which can appear as
correlated emittance contribution. Since the amgul@mentum introduced at the
entrance of a solenoid cancels exactly with theulmgnomentum generated in the
exit field of the solenoid, this emittance conttibn should in general be suppressed
in the emittance calculation, otherwise it mightveo smaller emittance diluting
effects inside the solenoid. For the case of a hedmch is generated in a solenoid
field free region, this is achieved by the canonit@menta used in the standard
settings ofAstra (The emittance exchange between the transvee®epldue to
coupling in case of a non-rotational symmetric bearg, y or py, py will of course
still be seen.)

This approach fails, if the beam is generated igokenoid field (i.e. from an
immersed cathode) and stays inside a solenoid thpetpoint of interest, because the
beam is inside a solenoid but has no angular mame(hich is sometimes called a
magnetized beam). The option ‘Lmagnetized = Trael be used in order to base the
transverse emittance calculation on ordinary rathean on canonical momenta. Each
variation of the beam size or the solenoid fielersgth, which leads to a rotation of
the beam, will however still lead to an emittanoatdbution.

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

Even though the net angular momentum is zero whdreaan travels through a
complete solenoid field, there remains a rotatiorthe coordinate system of the
outgoing beam relative to the incoming beam. Thotatron of the transverse
coordinate system of the beam is taken into accatien the switch Lsub_Larmor is
set true. The effect is a rotation of the outpudrdmate system only, i.e. the angular
momentum is not corrected. The switch is useful rwtiee bunch is asymmetric or
imaging problems are to be investigated.

4.13.2Correction of a transverse beam tilt
In order to correct the influence of a beam tiltthe x-y plane on the calculated
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emittance the switch Lsub_coup can be set truesin®ple rotation of the transverse
plane is applied in this case. If no rotation anglepecified an optimized rotation
angle is taken. This is however not necessarilygt@om when parameters change.

4.13.3Calculation of the projected emittance

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

Astra offers two options for the calculation of the aanmice at a fixed position of all
particles (local emittance). For the first optidr togical switch Lproject_emit is set
true in OUTPUT. With this option the coordinatesatf particles are projected onto
the average longitudinal beam position prior todhkeulation of the emittance, which
gives proper results in field free regions, bull stas correlated contributions inside
external fields. The second option is activated d®tting the logical switch
‘Local_emit = True’ in OUTPUT. In this case therfpde coordinates are stored
when passing the monitor position and the emittam@alculated when the complete
bunch has passed the monitor. While this optionidsvall correlated emittance
contributions discussed above, it also has someldreks. For the calculation of the
longitudinal emittance the longitudinal coordinatee estimated from the time the
particle has passed the monitor position and itecity. Also saved phase space
distributions represent transverse coordinateshefparticles when they passed the
monitor position (i.e. like one would measure it Bxample on a screen in a real
machine) and estimated longitudinal coordinategr@fore these distributions should
no be used as input distributions for further tragk Finally the distance between
monitor positions has to be larger than the burcigth 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 calculatiohictv is based on canonical
coordinates the so-called Trace Space emittancealisulated when the option
Tr_emitS is set true. The Trace Space emittanbased on geometrical parameters,
l.e.x andx’, y andy’ or zandz'. Emittance measurements yield in general the Trace
Space emittance, since the beam divergence rdtherthe transverse momenta are
measured. The transverse Trace Space emittaneesdifbm the canonical emittance
only in case of a beam with large energy spreadlangg beam divergence. See Ref.
[1] for a detailed discussion.
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4.13.5Calculation of the core emittance

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

grms = zgi

For the calculation of the core emittance the irmhligl contributions of all particles to
the rms emittance are calculated and sorted imdsuog order. WhildPostproallows
to plot the emittance as function of the percentafyparticles taken into account,
Astra stores the core emittance for 95 %, 90 % and 8(®99©9 %, 99.90 % and
90.00 %) of all particles along the beam line, estpely. Table 5 shows the core
emittance of a double Gaussian particle distributias 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 Gaussdticle distribution.

4.13.6Calculation of the ‘reduced emittance’

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

P, =P ~(G+Gs+ Cszr G573 (4.3)
prior to the emittance calculatiogcan be either of the transverse coordinatasdy
and z is the relative longitudinal particle position kit the bunch. The term in
brackets with the fit coefficient€, — C, describes a curved plane in tie- p,— z

space.Cy is just the average transverse momentum @ndescribes the correlated
beam divergence as in the standard emittance a#itmul 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 lineadyrelated beam
divergence to the longitudinal position in the bunC, is for example introduced by
the time dependence of RF fields but also in besm® élements if a non-local
emittance is calculated (see section 4.13.3), wB@#eapproximates correlations as
they are introduced by space charge fields.

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

When inAstrathe option Lsub_cor is set true the reduced enu#as calculated in
addition to the standard emittance and saved iparate files. First the correlations
with the longitudinal position are taken into accountaisecond step the correlations

30



ASTRA User's manua

with the kinetic energy are subtracted. In additioa following terms are calculated
and stored:

KZS,Z = O'5C2,Z Srzms st
KB‘S,Z = 0'503,2 Srzms mes
K;,E = 0'502,Esf“S Erms
K;,E = O'5C3,Esr2ms E2

rms

(4.4)

The difference between standard emittance and eedemittance can in most cases
be approximated by the sum of the absolute valt#iseaterms in Eq. (4.4). Thus the
terms display the approximate contributions of thiferent correlations to the
emittance.

For the longitudinal coordinate"? and & order polynomial correlations are
subtracted for the reduced emittance.

4.13.7Calculation of the emittance excluding cross overanticles

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

‘cross_start’ to ‘cross_end’. The patrticles staftag is set to 4 and a separate file
containing the emittance of the particle ensemktdueling particles marked as cross
over particles and the charge carried by the exduparticles is generated. The
algorithm checks whether particles move diagorfatijn one quadrant of a Cartesian
coordinate system into another. It should not li'@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-ensewitparticles (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&ras to be set true in the namelist
OUTPUT. A file containing the emittance of the seiisemble 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 withtgs flags > 1 are taken into account
with standard settings. In order to redirect théttamce calculation to a certain subset
of particles a file named ‘Astra_steering.par’ tabe created. The file should contain
the namelist ‘Steering_parameters’, in which thgedal array Stat(2,-100:100) can be
redefined. The first index of the Stat array isay® 2 (index 1 = 1 is for internal use

only). The second index numbers of the Stat araayespond to the status flags as
defined in Table 2. Particles with status flagsvtach the corresponding Stat array
entry is true will be taken into account in the gamce calculation. Hence, for the

standard settings Stat(2,) is false fer1 and true for | > 1. If necessary it is possible
to use free status flags in order to mark a subfsparticles (e.g. flag -2 and 4) and

redirect the emittance calculation to this subset.
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5. Graphics programs

While the programséineplot andpostproallow to visualize output produced Bytra
andgeneratorthe progranfieldplot allows to visualize electric and magnetic fields o
beam line elements as they are usedstra. 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. Furtieee 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 subroutickage PGPLOT In general it

Is, however, not necessary to install the PGPLQr@utine library.

5.1.Running the graphics programs on Windows PC systems

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

The position and size of the graphics windows carchianged with the mouse. The
last settings will be automatically stored in thanveonfig.dat file and used as input
the next time a graphics program is started. The @onfig.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 ‘gridesf and the PGPLOT windows
server (pgxwinserver) have to be downloaded andptte names have to be set
accordingly. In case of problems it is advisabledéavnload 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 numbersar@l102. Position and resize the
windows with the mouse and extract the geometrgrmétion with the command
‘xwininfo’. The entry in the .Xresources may thewk like:

pgxwin.winl10l.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 graphpcegrams on first use. It contains
some basic settings for the graphics routines ennidimelist WIN_CONFIG and the
position and the size of the graphic windows fonddws PCs.

The settings in the namelist WIN_CONFIG may be ¢geahby the user.

! PGPLOT is a graphics subroutine library freelyitmime for non-commercial use. For downloading
and further information see: http://astro.caltedhletjp/pgplot .
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5.4.The namelist WIN_CONFIG

=]

-

Parameter Specification Unit Default Value
Fixed Logical FALSE
only for Windows PC version. If true, actual windeize and position setting
will not be stored.
Line_width | Integer | | 2
scaling factor for the line width of the plots.
Character_height | Real | | 1.2
scaling factor for the character height of plots.
Color_mode | Integer | | 2
defines the color scheme for color maps. Color maqgsused by default i
postpro if the particle number is larger than 10000 andséme parts o
fieldplot. (The color schemes are copied from PGPLOT demo 4.
color_ mode =1 gray scale
color_mode =2 rainbow
color_mode =3 heat
Contrast | Real | | 1.0
contrast of color maps.
Brightness | Real | | 0.5
brightness of color maps.
Plot_mode | Integer | | 0
defines whether particle distributions shall bettgld with symbols or as cold
maps inpostpra
Plot_mode =0 color maps if more than 10000 plagi symbols else
Plot_ mode =1 symbols
Plot_mode =2 color maps
Win101_Scale | Real | | 1.0
only for Windows PC version. Scaling factor for diow 101.
Win102_Scale | Real | | 1.0

only for Windows PC version. Scaling factor for diow 102.

1

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

1 — Brightness.
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5.5.The program lineplot

The programlineplot allows to display a number of beam parametershasbeam
emittance, the bunch length etc. versus the lodgiad beam position or versus a
scanned parameter. Start the program with ‘linefpodject 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 nunfizex 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. Wteeting 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, ile’EmitS = 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.

5.5.1Menu 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 (rechs beam size of
the beam along the z-axis.

3 rms Beam DivergenceDisplays the horizontal (black) and vertical (rem)s
divergence of the beam along the z-axis.

4 Long. EmittanceDisplays the longitudinal rms emittance of the bedong the z-
axis. The calculation is based on a statisticar@ggh equivalent to the transverse
case.

5 rms Bunch LengtDisplays rms bunch length of the beam along th&ig-

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

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

8 average EnergyDisplays the average energy of the beam along-thesz

9 Particle velocity: Displays the average velocity of the beam along zkeis,
assuming electrons

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

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

reproduces the accelerating field as seen by théclea The data are based on the
first, single particle tracking iAstra
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12 Ref. particle trajectoryDisplays the off-axis trajectory of the referencatigle
along the z-axis. The data are based on the $irsgle particle tracking irstra i.e.
without space charge.

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

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

15 Trajectories r vs. z; x vs. Risplays the trajectories of the probe particlemgl
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 dendisplayed.

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

19 ZOOM:Allows to zoom into all plots. Coordinates of tHesaissa are requested.

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

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

22 overview to fileGenerates a post script file which contains th& Brplots of the
menu on one page. Uses default names for the files.

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

25 Exit: Exitslineplot
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5.5.2Menu 2 of 4

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

2 dE/dz vs. PhaséDisplays the derivative of the energy gain vertes RF phase,
which is proportional to the correlated energy adrdor 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. thie entrance of the cavity for all
cavities. In case of a gun cavity, the initial bardength is replaced by the emission
time times the velocity of light. See chapter 4.8.

4 Compression factor (timelRisplays the ratio of the final bunch length to thigial
bunch length times the inverse ratio of the patielocities for all cavities. In case of
a gun cavity, the initial bunch length is replatgdhe 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. Theruas are determined by the
parameter Zphase.

7 Beam loadingDisplays the total energy exchange of the bunc¢h external fields
per meter along the z-axis. The intervals are detexd by the parameter Zphase.

9 Sp. ch. scaling factordisplays the space charge scaling factors as idescm
section 4.4.7.

10 Sp. ch. scaling counteRisplays the space charge scaling counter asideddn
section 4.4.7.

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

12 pg-function: Displays the optical beta functiorsssuming electrons determined

2
as: B, = Hms
£

X,rms

13 a-function: Displays the optical alpha functioreassuming electronsdetermined

X X'
. —__ avr
as: a, =-——2C[B,
ms

14 phase advancéisplays the phase advanessuming electronsdetermined as:

1
H:J-E
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15 coherence lengtiisplays the coherence lengthedéctrons determined as:
ho,

L =——=—
rT‘]()C‘gn,rms
18 — 25:See section 5.5.1.

5.5.3Menu 3 of 4

1-10 left FOM(1) to FOM(10)Displays the result of a scanning procedure aacgrd
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 binallows to change the number of the bins in theédgsams
of error scans.

16 change titleAllows to change the labels and the title of tieplhyed plot.
18-25:See section 5.5.1.

55.4Menu 4 of 4

1 reduced trans. emittance Risplays the transverse emittance without corniaiat
with the longitudinal particle position as descdbe 4.13.6.

2 reduced trans. emittance z & Hisplays the transverse emittance without
correlations with the longitudinal particle positiand the particle energy as described
in section 4.13.6.

3 trans. emittance differencBisplays the difference between standard emittamcke
reduced emittance in the transverse planes.

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

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

6 reduced long. emittanc®isplays the longitudinal emittance minu&' and &

order correlations together with the canonical Bh@pace emittance. See section
4.13.6
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7 trans. Trace Space emittancBisplays the transverse Trace Space emittance
together with the canonical Phase Space emitt&@emsection 4.13.4.

8 long. Trace Space emittancBisplays the longitudinal Trace Space emittance
together with the canonical Phase Space emitt@em®section 4.13.4

9 horizontal core emittancd®isplays different levels of the horizontal coraittance.
See section 4.13.5.

10 vertical core emittanceDisplays different levels of the vertical core #amce.
See section 4.13.5.

11 long. core emittanceDisplays different levels of the longitudinal camittance.
See section 4.13.5.

12 Emittance w. 0. cross over particles sub-ensemble emittanc®isplays the
emittance without cross over particles or the emdée of a sub ensemble of particles.
See sections 4.13.7 and 4.13.8.

13 beam size w. 0. cross over particles or beam Gizsub-ensembldisplays the
beam size without cross over particles or the bsiamof a sub ensemble of particles.
See sections 4.13.7 and 4.13.8.

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

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

16 charge vs. timeDisplays the development of the emitted chargetinge during
the emission from a cathode.

17 Position v. timeDisplays the position of the head and the taihef bunch and the
average bunch position vs. time during the emisBmm a cathode.

18-25:See section 5.5.1.

5.6.The program postpro

The progranpostproallows to display different phase space plots engderform a
detailed phase space analy$isstprorequires as input arguments the project name,
the run number and the z-position to be displayatiestart up. Withipostproone
can step through the different z-positions at whiah phase space distributions have
been saved and through the different run numbelissiMy 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 name,run ‘ postpro.zpos’,
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‘postpro name.zpos,rurdr ‘postpro name.zpos.run(Here name is the project name,
zpos represents a four digit number for the z-pmsiand 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 avaldiié 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 disiplgyand one for selecting from
the menu will open, even if no data exists for $ipecified arguments. By clicking
with the left mouse button onto the circles differgphase space plots can be
displayed. Note, that additional text informatioifl 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 syisor in form of a color map,
depending on the settings in the win_config filed athe number of particles,
respectively. With standard setting only particleith 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 @stwiell as ‘core emittance’ plots
for which only particles with status flags >1 aakedn into account.

For the plots with symbols a color and symbol cedased 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 -1t0 -6 brown cross
particle lost on aperture -12 to —25 red dot

lost patrticle -26 to -30 blue circle

lost particle <-30 blue star

Table 6: Color and symbol code foostproplots.

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 itmjnal velocity of the bunch
(status flag > 0). A warning is given in case @hiaed distribution.

Equivalently to the redirection of the emittancécakation in Astra (section 4.13.7)
the emittance calculation and the display cond#tican be redirected to different
status flags irmpostpra A file named ‘Plot_steering.par’ has to be crdaf€he file
should contain the namelist ‘Steering_parameteirs’,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’elsag the ‘core emittance’ plots
will be affected, while with the first index set toall other plots except ‘z-plot’ will
be modified. The second index numbers of the $tayaorrespond to the status flags
as defined in Table 2. Particles with status fagahich 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 namelisetBig parameters’ in the same way
as in NEWRUN (6.1) or thgenerator(7) input deck.
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In the case of mixed particle distributions it @spible to plot particles in accordance
to the particle index rather than to the statug flanly in combination with
Plot_mode = 1 (see chapter 5.4). For this purposetrays CP_ind_1 to CP_ind_15
can be defined in the namelist ‘Steering_paramet&® ind_ 1 to CP_ind 4
correspond to particle indices 1 to 4 (electromsitpons, protons and hydrogen ions)
while CP_ind_5 to CP_ind_14 correspond to ion_nmgds(ion_mass(10). Note that
mass proportional results (energy and momentanamalized to the charge state!
For each array three numbers (between 0 and lpeatefined corresponding to the
intensity of the RGB (red, green, blue) colors..Bagth CP_ind_1=1.0, 0.0, 0.0,
CP_ind_2 = 0.5, 0.5, 0.5 all electrons with valattle 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, @®).

5.6.1Menu 1 of 2

1 Trans. phase spacéisplays the horizontal and vertical phase spaua the
projection onto the horizontal and vertical spaxs.a

2 Long. phase space (Displays the longitudinal phase space, the prageanto the
longitudinal space axis and the momentum distriouti

3 Long. phase space (tim@)he same as plot 2 but with the time as coordimetiead
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. Saxtion 4.13.5.

7 slice emittanceOpens the sub menu ‘Slice Emittance’. See secti®3.5

8 transverse core brightnesBisplays the transverse brightness defined—g&n as
EE
y

X

function of a radial aperture cut.

9 core bunch lengthDisplays the rms bunch length vs. charge as fanctif an
optimal cut in longitudinal direction.

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

11 phase space manipulation®@pens the sub menu ‘Phase Space Manipulations’.
See section 5.6.4.

13 fit, save & readSee section 5.5.1.

14 forward: Moves to the next higher saved beam position. Ataghd of the beam
line postprocircles back to the first saved distribution.
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15 backward:Moves to the previous saved beam position uphétiteginning of the
beam lingpostprocircles back to the last saved distribution.

16 to file:See section 5.5.1.

17 next run:See section 5.5.1.

18 previous runSee section 5.5.1
19 Exit: Exits postpra

5.6.2Menu 2 of 2

Menu 2 allows to select parameters for particldrithistion plots. The first choice
determines the parameter of the abscissa, the detmice determines the parameter
of the ordinate. Projections onto both axes canattéed by pushing theadd
projection$ button. Subtracting a linear correlation from theotted particle
distribution often allows visualizing details manrlearly. 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 plotsist possible to save and read particle
distribution plots in the sub mentfit; 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 thelaiek distribution is reversed in order
to increase the contrast. In Plot_mode =1 (or thww number of particles) the
overlaid distribution is plotted in black (see cteab.4).

5.6.3Sub menu ‘Slice Emittance’
1 slice emittanceDisplays the emittance of longitudinal slicesloé bunch.

2 mismatch parameterDisplays an optical mismatch parameter defined as:
ci:%[,é’oyi—z%ai +y0,@]21 , Where a,f andy are the Courant-Snyder

parameterdior electrons,of the projected phase space (indeand of the individual
slices (index), respectively. See Ref. [1].

3 slice energy spreadDisplays the energy spread of longitudinal sliecethe bunch.

4 projected emittancedisplays projected rms slice emittance ellipses.

5 z-projection:A line plot showing for exampleP’ pz'™S X:ms a@nd PX/ avr.; Xavr.

pz
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 projecticis. on
plot 4 - 6.
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8 w.r.t. position: If green the bunch is cut into slices with resgedhe longitudinal
position.

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

10 change number of sliceg&llows to change the number of slices for theeslic
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 otherdhlaave the slices in general a
different length.

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

12 change cor. energyAllows to vary the correlated energy spread of plaeticle
distribution.

13 forward: See section 5.6.1.

14 backward:See section 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 section 5.6.1.

18 previous runSee section 5.6.1.

19 Exit sub menwReturns to main menu.

5.6.4Sub menu ‘Phase Space Manipulations’

In the sub menu ‘phase space manipulations’ thicfgdistribution can be rotated in
space to transfer it to a rotated coordinate systedhdifferent cuts on the transverse
and longitudinal particle distribution can be apgli
Two classes of cuts are offered. Optimized cutaesginput 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 s is maximal. The second class
of cuts requires the positioning of cut levels wille mouse. Note, that some cuts
involve an iterative procedure, since the partiti&tribution will be re-matched after a
cut is applied. Hence, the plots may change tlppearance during the cut procedure.
A thin grey frame around the plot indicates, thedut with the mouse is requested.
The functions of the mouse buttons are as follows:

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

right button: release arrow; if released: quit vand
Particles which have been cut are displayed inferdnt color first. They will
disappear from the plots only after selecting tecept changédutton. All cuts can
be reversed by pushing theject changesutton.
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A new particle distribution may be saved for furth@acking before leaving the sub
menu. An exemplary application of phase spaceisudtaind in Ref. [8].
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5.7.The program fieldplot

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

When starting the code two windows, one for disiplgyand 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 imfation will be displayed in the
window from whichfieldplot was started. Here also input might be requested.

5.7.1Menu 1 of 3

1 Cauvity 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 radidgfor field tables only) can be displayed.

2 TE mode fieldsDisplays the amplitude of the longitudinal magodield of all TE
mode fields in the beam line. By clicking onto ‘hgpage’ the transversal magnetic
field amplitude, the azimuthal electric field antpde and the field expansion radius
(for field tables only) can be displayed.

3 Dipole mode fieldsDisplays the amplitude of the transverse magrfetid of all
dipole mode fields in the beam line. By clickingt@rinext page’ the transversal
electric field amplitude, the longitudinal electdod magnetic field amplitude and the
effective deflecting voltage can be displayed. #ar plot it is assumed that at most
two cavities are in the beam line (index 1 andTRe phase of the first cavity is set to
a phase of maximum deflection; the field is plotésdseen by the particle. The phase
of the second cavity is shifted by 90 degree topador travelling wave cavities.
Phases and integrated field strengths are displaydde screen.

4 Solenoid fieldsDisplays the longitudinal magnetic field and thdial field gradient
of all solenoids in the beam line in one plot. Bicking 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
quadrupoles in the beam line. By clicking onto ‘npage’ the longitudinal magnetic
field and a combined plot of all components canlisplayed, respectively.

6 Dipole fields: horizontal planeDisplays field maps of all horizontal dipoles. By
clicking onto ‘next page’ different components pletted.

7 Dipole fields: vertical planeDisplays field maps of all vertical dipoles. Bycking
onto ‘next page’ different components are plotted

8 Curved cathode ploDisplays the contour of a non-planar cathode aedpbsition
of charge rings used to correct the mirror charglel fsee section 4.4.5.

! See Appendix (chapter 8).
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9 Cathode surface fieldDisplays a field map of the cavity field on thethzade
surface.

10 Space charge field®pens the sub menu ‘Space Charge Fields. Seersécti.4.
11 include geometrySee section 5.5.1.

12 fit, save & readSee section 5.5.1.

13 ZOOM:See section 5.5.1.

14 next pageSwitches between different field components toispldyed.

15 to file: See section 5.5.1.

16 Exit: Exitsfieldplot

5.7.2Menu 2 of 3

1 - 6: Displays field maps of cavity fields defined by 3aps along various cross
sections. By clicking onto ‘next page’ differenthgponents are plotted.

13 ZOOM: Zoom option is mouse controlled: left button tdese upper left and
lower right corner, right button to release zoom.

14 — 16:See section 5.7.1.

5.7.3Menu 3 of 3

1 — 6: Displays field maps of laser fields along vari@usss sections. In addition the
rms beam envelope and the focus position are gis@laBy clicking onto ‘next page’
different components are plotted.

8 Plasma fields vs.: 2/arious plots of the fields as seen by a partiol@ving with
speed of light, the plasma density and other paemness. z. Use ‘next page’ to
toggle.

9: Plasma fields vs. zet@ plot of the fields versus the co-moving paraeneteta.

11 — 12:See section 5.7.1.

13 ZOOM: Zoom option for laser fields is mouse controlléeft button to select
upper left and lower right corner, right buttorrédease zoom.

14 — 16:See section 5.7.1.

5.7.4Sub Menu ‘Space Charge Fields’

Sub menu for the graphical presentation of the esmd@arge 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
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of the plot indicates the extension of the bunela loroken lines show the grid cells.
A blue solid line indicates the position of the heade, 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 coveredohyeaectangle.

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 starridigion as defined in the input
deck will be shown. (Particle distributions to bmitted from a cathode have no
longitudinal extension; hence no space charge @aldbe displayed.) Selechange
distribution’ to load any saved particle distribution with inguguments as used for
postpro(chapter 5.6).

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

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

7 Er eff:DisplaysEr - Sc-Bfi

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

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

10 longitudinal:Field components are shown as function of theitadmal position.

11 change gridAllows to change the number of radial and longitatigrid cells and
of the cell variation. See section 4.4.1.

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

13 suppress grid lineSuppresses 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 chargethe space

charge field on or off. In general it will be nesasy to specify the position of the
cathode plane.

16 velocity profile:Displays the residual velocity componenfs 5, and £, 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 thenwelaf the grid
cells.
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18 line charge densityDisplays the line charge density. Like the chadgasity 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 bepdayed.
21 forward: See section 5.6.1.

22 backward:See section 5.6.1.

23 to file:See section 5.5.1.

24 next run:See section 5.5.1.

25 previous runSee section 5.5.1.

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

6.1. The namelist NEWRUN
The namelist NEWRUN contains basic instructionstifier tracking.

=

~"

[¢)

Parameter Specification Unit Default Value
Head Character*150
header line for protocol.
RUN | Integer | [ 1
the RUN number is used as extension for all oufipes (see Table 3). It i§
automatically incremented if a LOOP is specified.
LOOP | Logical | | FALSE
see chapter 4.9.
NLoop | Integer | |
see chapter 4.9.
Distribution | Character*150 | |
name of the initial particle distribution, see cteap 2 and 3.
ion_mass() | Real*8 Array | evie | 0.0
the mass divided by the charge state of user dkfppaticles. Negatively
charged particles are defined by a negative vafubenion_mass parametg
Particle index 5 — 14 in the input distributionefitefer to ion_mass(1) — (14
See also the correspondiggneratordefinitions (7).
Mass proportional results (energy and momentanarenalized to the charg
state!
N_red | Integer | [ 1
if > 1 only every N_rell particle of the distribution is used. The char@¢he
particles is scaled accordingly.
Xoff | Real*8 | mm | 0.0
horizontal offset of the input distribution. ActivieXoff # 0.0.
Yoff | Real*8 | mm | 0.0
vertical offset of the input distribution. ActiveYoff # 0.0.
Xp | Real*8 | rad | 0.0
horizontal trajectory angle, additive to input distition.
yp | Real*8 | rad | 0.0
vertical trajectory angle, additive to input dibtrtion.
Zoff | Real*8 | m | 0.0
longitudinal offset of the input distribution. Agé if Zoff # 0.0.
Toff | Real*8 | ns | 0.0
timing offset of the input distribution. Active Tfoff # 0.0.
Xrms | Real*8 | mm | -1.0

horizontal rms beam size. Scaling is active if X3.0.
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Yrms | Real*8 | mm | -1.0
vertical rms beam size. Scaling is active if Yrm8.8.
XYrms | Real*8 | mm | -1.0
horizontal and vertical rms beam size. The paramé¥ems has priority ove
the parameters Xrms and Yrms.
Zrms | Real*8 | mm | -1.0
rms bunch length. Scaling is active if Zrms > 0.0.
Trms | Real*8 | ns | -1.0
emission time of the bunch. Scaling is active ifigr> 0.0.
Tau | Real*8 | ns | 0.0
exponential delay time of the emission. Active #uF 0.0. Note that the delay
time is random and might interfere with the quasidom nature of an inpyt
distribution.
cor_px | Real*8 | mrad | 0.0
correlated divergence of the bunch. Scaling isradficor_px# 0.0.
cor_py | Real*8 | mrad | 0.0
correlated divergence of the bunch. Scaling isvadficor_py+ 0.0.
Qbunch | Real*8 | nC | 0.0

bunch charge. Scaling is active if Qburxci.0.

SRT_Q_Schottky

Real*8 | nC(m/MV)™ | 0.0

variation of the bunch charge with the square afdhe field on the cathod¢.
Scaling is active if SRT_Q_Schottky0.0.

Q_Schottky | Real*8 | nCm/MV [0.0
linear variation of the bunch charge with the field the cathode. Scaling |s
active if Q_Schottky 0.0.

debunch | Real*8 | | 0.0
‘debunched’ particles, i.e. particles with a dis@ to the bunch centgr
exceeding debuncler, are passivated, i.e. their status will be set tor (.
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 ist 0.0

Track_All | Logical | | TRUE

if false, only the reference particle will be tradk The ref file contains the of
axis results in this case.

Track_On_Axis

Logical | FALSE

if true, the reference particle will be trackedyonoh axis. The ref file contain
the on-axis results in this case.

2]

Auto_Phase

Logical | | TRUE

if true, the RF phases will be set relative to pise with maximum enerdy
gain.
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Phase_Scan

Logical | | FALSE

if true, the RF phases of the cavities will be seghbetween 0 and 360 degrge.
Results are saved in the PScan file. The tracketgden cavities will be done
with the user-defined phases.

check_ref part

Logical | | TRUE

if true, the run will be interrupted if the refemenparticle is lost during the of-
and off-axis reference particle tracking.

v)

—

=

A1

\1%2

L_rm_back | Logical | | FALSE
if true, particles are immediately discarded wheeytstart to travel backward
If false, backward traveling particles are onlycdigled when they pass the
lower boundary Z min. Note, that in some cases gg$lathe particles cgn
change the direction of motion several times, lefotting a boundary.

Z_min | Real*8 | m |
lower boundary for discarding particles. If Z_mnniot specified by the userli
is automatically set by the program assuming tlaatigdes are supposed [o
travel in positive Z-direction.

Z_Cathode | Real*8 | m
position of the cathode for the calculation of thigror charge. If Z_Cathode
not specified by the user it is automatically sgte program to the minimd
particle position provided the bunch is emittechira cathode.

H_max | Real*8 | ns | 0.001
maximum time step for the Runge-Kutta integration.

H_min | Real*8 | ns | 0.0
minimum time step for the Runge-Kutta integratiow anin. time step for th
space charge calculation. During the emission m®&®m a cathode the tinje
step is forced to H_min. If zero H_min is set audtically based on th
parameter N_min (namelist CHARGE) in accordancégo(4.1).

Max_step | Integer | | 100 000
safety termination: after Max_step Runge_Kuttasthe run is terminated.

Lmonitor | Logical | | FALSE
if true, the particle number and average positidhbe reported on every timg
step. For diagnostics only, slows down the calaufat

Lprompt | Logical | | TRUE

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

Parameter

Specification Unit Default Value

ZSTART

Real*8 m 0.0

minimal z postion for the generation of output,ckiag may start at Z
ZSTART according to the definition of the initiahicle distribution.

ZSTOP

Real*8 | m | 0.3

tracking will stop when the bunch center passes@S.T

Zemit

Integer | | 100

the interval ZSTOP-ZSTART is divided into Zemit sntiervals. At the end of
each subinterval output of line-typ is generated.

Zphase

Integer | | 1

)

the interval ZSTOP-ZSTART is divided into Zphaseéistervals. At the end o
each subinterval a complete particle distribut®saved. It is recommended fto
set Zemit = n-ZphaseyON .

Screen( )

Real*8 array | m |

additional position for the generation of output.

Scr_xrot( )

Real*8 array | rad | 0.0

rotation angle of the screen in the x-z plane. v&ciif Scr_xrot( )# 0.0 and
only in combination with Local_emit. The angles aneasured relative to tHe
z-axis, i. e. the standard position correspond3cto xrot( ) =n/2.

Scr_yrot( )

Real*8 array | rad | 0.0

rotation angle of the screen in the y-z plane. viciif Scr_yrot( )# 0.0 and
only in combination with Local_emit. The angles aneasured relative to tHe
z-axis, i. e. the standard position correspond3cto yrot( ) =n/2.

Step_width

Integer | | 0

output generation based on time steps rather thamasitions. Output i
generated every Step_width - time step.

Step_max

Integer | | 0

terminates output based on Step_width. Run mayiramntif Max_step >
Step_max.

Lproject_emit

Logical | | FALSE

D

if true, the transverse particle positions of alttcles will be projected into
common plane at the longitudinal bunch center osjprior to the calculation
of the emittance, spot size etc. See section 4.13.3

Local_emit

Logical | | FALSE

if true, the transverse particle positions of altjrles will be recorded wheh
passing the output position plane prior to the wWaton of the emittance, spt
size etc. The longitudinal particle coordinatesoirtput files are recalculatdd
based on times and velocities and are only appreinmHence distributionp
saved with this option should not be used as iristributions for furthef
tracking! The distance between subsequent outpsitipes has to be large
than the bunch length, or they will be skipped. Seetion 4.13.3.

=
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Lmagnetized Logical FALSE

if true, solenoid fields are neglected in the clttan of the beam emittance.
See section 4.13.1.

Lsub_rot Logical FALSE

n

if true Lmagnetized will be set true and the angud@mentum of the bunch
subtracted for the emittance calculation based hendctual x-py and y-p
correlation of the bunch rather than by the caranicomentum. See sectign
4.13.1.

Lsub_Larmor | Logical | | FALSE

if true a rotation of the transverse coordinatéeaysinduced by a solenoid wi
be taken into account. See section 4.13.2.

Lsub_coup | Logical | | FALSE

D

if true a rotation angle of the transverse beant gflbbe corrected before th
emittance is calculated. See section 4.13.2.

Rot_ang | Real*8 | rad | 0.0
rotation angle for emittance calculation in confgttwith Lsub_coup. If nd
rotation angle is specified an optimized rotatiamgla will be taken. Seg
section 4.13.2.

Lsub_cor | Logical | | FALSE
if true the reduced emittance is calculated in #aftlito the standard emittande.
See section 4.13.6.

RefS | Logical | | FALSE
if true, output files according to Table 3 and
Table4 are generated.

EmitS | Logical | | FALSE

if true, output files according to Table 3 and
Table 4 are generated. See section 4.13.

C_EmitS | Logical | | FALSE

if true, output files according to Table 3 and
Table 4 are generated. See section 4.13.5.

C99_EmitS | Logical | | FALSE

if true, output files according to Table 3 and
Table 4 are generated. See section 4.13.5.

Tr_EmitS | Logical | | FALSE

if true, output files according to Table 3 and
Table 4 are generated. See section 4.13.4.

Sub_EmitS | Logical | | FALSE

if true, output files according to Table 3 and
Table 4 are generated. See section 4.13.8.

Cross_start | Real | | 0.0
start point for detecting cross over particles (SEfitS = False). See sectign
4.13.7.
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Cross_end

| Real | | 0.0

end point for detecting cross over particles (Subit§ = False). See sectid
4.13.7.

PhaseS | Logical | | FALSE
if true, output files according to Table 3 and
Table 4 are generated.

T_PhaseS | Logical | | FALSE
if true, output files according to Table 3 and
Table 4 are generated.

High_res | Logical | | FALSE
if true, particle distributions are saved withrie@sed accuracy. See
Table 4.

Binary | Logical | | FALSE
if true, the particle distributions is saved imdy format.

TrackS | Logical | | FALSE
if true, output files according to Table 3 and
Table 4 are generated.

TcheckS | Logical | | FALSE
if true, output files according to Table 3 and
Table 4 are generated.

Sigma$S | Logical | | FALSE
if true, output files according to Table 3 and
Table 4 are generated.

CathodeS | Logical | | FALSE
if true, output files according to Table 3 and
Table 4 are generated.

LandFS | Logical | | FALSE
if true, output files according to Table 3 and
Table 4 are generated.

LarmorS | Logical | | FALSE

if true, output files according to Table 3 and
Table 4 are generated.
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6.3. The namelist SCAN

In the namelist SCAN parameters for the scanningcguure are specified.
chapter 4.9.
Parameter Specification Unit Default Value
LOOP Logical FALSE
see chapter 4.9.
LScan | Logical | | FALSE
if true a scan will be performed.
LExtend | Logical | | FALSE
if true an already existing scan output file wile kextended rather thgn
overwritten.
Scan_para | Character*40 | |
parameter to be scanned. Valid are all parametexsare written in italig
letters in the namelist tables of chapter 6.
S_min | Real*8 | |
minimal set point of the scanning parameter.
S_max | Real*8 | |
maximal set point of the scanning parameter.
S_numb | Integer | |
number of scanning points.
O_min | Logical | | FALSE
if true the minimum of the parameter FOM(1) is skad with decreasinp
interval size around the minimum.
O_max | Logical | | FALSE
if true the maximum of the parameter FOM(1) is skad with decreasing
interval size around the maximum.
O_match | Logical | | FALSE

if true the match of the parameter FOM(1) to thdamavalue is searched with
decreasing interval size around the optimum.

match_value

| Real*8 |

value to which FOM(1) has to be matched if O_matdtue.

O_depth

| Integer | |

optimization depth if one of O_min, O_max or O_nhats true. The tota|
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 to S_zmax wil
be saved. The value of FOM(2)-FOM(10) will be saatdhe position of the
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 inteln& zmin to S_zmax wil
be saved. The value of FOM(2)-FOM(10) will be saatdhe position of the
maximum of FOM(1). The position of the optimum vélko be saved.

S_zmin | Real*8 | m |
minimum position for the search of an optimum of\FHQ)

S_zmax | Real*8 | m |
maximum position for the search of an optimum oM{D)

S_dz | Integer |
the interval S_zmin to S_zmax is divided into Sedmal intervals. At the en
of each interval emittances etc. are calculated.

FOM( ) | Character*40 array | |

specifies the output to be found in the scan Yilalid keywords are:
bunchcharge

horizontal rmsemittance
horizontaltr ace-spacemittance
horizontalreducedemittance z
horizontalreducedemittancez&E
horizontalsub-ensemblemittance
horizontalcoherence length
horizontal rmsspot size

horizontal sub-ensemblespot size
horizontal rms beandivergence
horizontal correlated beardivergence
meanhorizontal beanoffset
horizontal beanoffset”
meanhorizontal trajectoryangle
horizontal trajectoryangle”

vertical rmsemittance

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

vertical rmsspot size

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

vertical beanoffset”

meanvertical trajectoryangle
vertical trajectoryangle”
emittanceratio %

longitudinal rmsemittance

longitudinal reducedemittance minugnd order correlation
longitudinal reducedemittance minugrd order correlation
rms buncHength

mean beamenergy
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energy’

mean beanmomentum

momentum”

rms beamenergy spread

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 spheRe_dens 1o 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 activee®ndary electrons
statistics: number obackward traveling particles

statistics: number ofost particles on an aperture
statistics: number of lost particles zZnin
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6.4.The namelist MODULES

In the namelist MODULES allows to combine elemefrtam other namelists to
modules. See chapter 4.10 for an introduction.

Parameter Specification Unit Default Value

Loop Logical FALSE

see chapter 4.9.

LModule | Logical | | FALSE

if false all module definitions will be ignored.

Module( , ) | Character*40 array | |

specifies the elements of a module.

Mod_Xoff() | Real*8 array | m | 0.0

transverse offset of a module in x.

Mod_Yoff() | Real*8 array | m | 0.0

transverse offset of a module in y.

Mod_Zoff() | Real*8 array | m | 0.0

longitudinal offset of a module.

Mod_Xrot( ) | Real*8 array | rad | 0.0

rotation of a module in the x-z plane, i.e. arotimely-axis.

Mod_Yrot() | Real*8 array | rad | 0.0

rotation of a module in the y-z plane, i.e. arothmal x-axis.

Mod_Zrot() | Real*8 array | rad | 0.0

rotation of a module in the x-y plane, i.e. arotimel z-axis.

Mod_Zpos() | Real*8 array | m | 0.0

longitudinal position of a module. Rotations ardimkd with respect to thig
position. Note, that Mod_zpos is not affected bghét introduced with thd
parameter Mod_ zoff

A4

Mod_Efield() | Real*8 array | | 1.0

scaling strength for electric field of a module.

Mod_phase( ) | Real*8 array | degree | 0.0

phase offset of the RF fields of a module.

Mod_Bfield() | Real*8 array | | 1.0

scaling strength for magnetic fields of a module.
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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; thetiparameter corresponds to the
rms width of the distribution. A cut-off can be spred which is applied to all errors.
For statistical calculations the Loop function slidoe used. Other than the rest of the
namelists the ERROR namelist has to be specifiéqgarce in combination with the
Loop option. Output parameters can be specifiec wlie parameter FOM(1) to
FOM(10) equivalently to the namelist SCAN (see ¢bep4.9 and 6.3). Output other
than the error file is suppressed by default whénrdr is set true. Auto_phase
counteracts phase errors (except for module phaseseand should hence not be
used in case of error calculations!

Parameter Specification Unit Default Value
Loop Logical FALSE
see chapter 4.9.
LError | Logical | | FALSE
if false, no errors will be generated.
ErrorS | Logical | | FALSE
if true an output file will be generated. See cbagt12.
Log_Error | Logical | | FALSE
if true an additional log file will be generated gl contains the actudl
elemeent and bunch settings, i.e. including théatian due to the errors fdr
each run. Note that module errors are added tmtisule setting and not to the
individual parameter settings. See chapter 4.12.
LExtend | Logical | | FALSE
if true an already existing error output file wile extended rather thgn
overwritten.
Suppress_output | Logical | | TRUE
if true any generation of output other than theefite is suppressed.
FOM() | Character*40 array | |
specifies the output to be found in the error filalid keywords are listed ip
the description of the namelist SCAN in chapter 6.3
Err_cutoff | Real*8 | | 3.0
cut off for Gaussian distributed errors in units@fma. Applies to all errors.
Err_Qbunch | Real*8 | nC | 0.0
error of the bunch charge.
Err_Xoff | Real*8 | mm | 0.0
error of the initial bunch position in x.
Err_Yoff | Real*8 | mm [ 0.0
error of the initial bunch position in y.
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Err_Toff

| Real*8 | ns | 0.0

error of the initial bunch timing.

Err_Xrms | Real*8 | mm | 0.0
error of the initial bunch size in x.
Err_Yrms | Real*8 | mm | 0.0
error of the initial bunch size in y.
Err_XYrms | Real*8 | mm | 0.0
error of the initial bunch size in x and y. Thegraeter Err_XYrms has priorit
over the parameters Err_Xrms and Err_Yrms.
Err_Zrms | Real*8 | mm | 0.0
error of the initial bunch length.
Err_Trms | Real*8 | ns | 0.0

error of the bunch emission time.

Err_A_xoff()

| Real*8 array | m | 0.0

error of the aperture offset in x.

Err_A_yoff()

| Real*8 array | m | 0.0

error of the aperture offset in y.

Err_A xrot()

| Real*8 array | rad | 0.0

error of the aperture rotation around the y-axis.

Err_A_yrot()

| Real*8 array | rad | 0.0

error of the aperture rotation around the x-axis.

Err_A zrot()

| Real*8 array | rad | 0.0

error of the aperture rotation around the z-axis.

Err_C_xoff()

| Real*8 array | m | 0.0

error of the cavity offset in x.

Err_C_yoff()

| Real*8 array | m | 0.0

error of the cavity offset in y.

Err_C_xrot()

| Real*8 array | rad | 0.0

error of the cavity rotation around the y-axis.

Err_C_yrot()

| Real*8 array | rad | 0.0

error of the cavity rotation around the x-axis.

Err_C_zrot()

| Real*8 array | rad | 0.0

error of the cavity rotation around the z-axis.

Err_phi() | Real*8 array | degree | 0.0
error of the cavity phase.
Err_MaxE() | Real*8 array | MV/m [ 0.0

error of the cavity gradient.
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Err_S_ xoff()

| Real*8 array | m | 0.0

error of the solenoid offset in x.

Err_S_yoff()

| Real*8 array | m | 0.0

error of the solenoid offset in y.

Err_S_xrot()

| Real*8 array | rad | 0.0

error of the solenoid rotation around the y-axis.

Err_S_yrot()

| Real*8 array | rad | 0.0

error of the solenoid rotation around the x-axis.

Err_MaxB()

| Real*8 array | T | 0.0

error of the solenoid strength.

Err_Q_xoff()

| Real*8 array | m | 0.0

error of the quadrupole offset in x.

Err_Q _yoff()

| Real*8 array | m | 0.0

error of the quadrupole offset in y.

Err_Q xrot()

| Real*8 array | rad | 0.0

error of the quadrupole rotation around the y-axis.

Err_Q_yrot()

| Real*8 array | rad | 0.0

error of the quadrupole rotation around the x-axis.

Err_Q_zrot()

| Real*8 array | rad | 0.0

error of the of the quadrupole rotation aroundztais.

Err_Q Grad()

| Real*8 array | T/im | 0.0

error of the quadrupole gradient.

Err_Q K()

| Real*8 array | it [ 0.0

error of the quadrupole strength.

Err_D_xoff()

| Real*8 array | m [ 0.0

error of the dipole offset in x.

Err_D_yoff()

| Real*8 array | m [ 0.0

error of the dipole offsetiny.

Err_D_zoff()

| Real*8 array | m [ 0.0

error of the dipole offset in z.

Err_D_xrot()

| Real*8 array | rad | 0.0

error of the dipole rotation around the y-axis.

Err_D_yrot()

| Real*8 array | rad | 0.0

error of the dipole rotation around the x-axis.
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Err_D_zrot()

| Real*8 array | rad | 0.0

error of the dipole rotation around the z-axis.

Err_D_Strength() | Real*8 array | T [ 0.0

error of the dipole strength.

Err_D_Radius()

| Real*8 array | m | 0.0

error of the dipole bending radius.

Err_Mod_xoff()

| Real*8 array | m | 0.0

error of the module offset in x.

Err_Mod_yoff()

| Real*8 array | m | 0.0

error of the module offset in y.

Err_Mod_xrot()

| Real*8 array | rad | 0.0

error of the module rotation around the y-axis.

Err_Mod_yrot()

| Real*8 array | rad | 0.0

error of the module rotation around the x-axis.

Err_Mod_zrot()

| Real*8 array | rad | 0.0

error of the module rotation around the z-axis.

Err_Mod_Efield

| Real*8 array | | 0.0

relative error of the electric field strength ofmadule.

Err_Mod_phase

| Real*8 array | degree | 0.0

error of the RF phase of a module.

Err_Mod_Bfield

| Real*8 array | | 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.

Parameter Specification Unit Default Value

LOOP Logical FALSE

see chapter 4.9.

LSPCH | Logical | | FALSE

if false, space charge fields are not taken iotmant.

LSPCH3D | Logical | | FALSE

1%

if true space 3D charge fields are calculated witH-FT algorithm, if false th
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 @laliion is made at positioh
z_trans See chapter 4.6.

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

L_Curved_Cathode | Logical | | FALSE

if true, the mirror charge will be corrected fonan-planar cathode. Only fq
cylindrical grid algorithm, see section 4.4.5.

=

Cathode_Contour | Character*150 array| |

file name of the table describing the cathode aamto

R_zero | Real*8 | | 0.0

on-axis curvature of a curved cathode.

Nrad | Integer | | 10

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

Cell_var | Real*8 | | 2.0
variation of the cell height in radial directiofhe innermost cell is cell_vgr
times higher than the outermost cell. Only for igitical grid algorithm.

Nlong_in | Integer | | 10
maximum number of grid cells in longitudinal diten within the bunch
length. During the emission process the numbeedsiced, according to thHe
specification of the minimum cell length min_gri@nly for cylindrical grid
algorithm.

N_min | Real*8 | | 30

average number of particles to be emitted in @@p during the emission from
a cathode. N_min is needed to set H_min autombtidaking emission. Only
for cylindrical grid algorithm.
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min_grid

Real*8 | m | 0.0

—h

minimum grid length during emission. If the burishtoo short the number ¢
cells is reduced accordingly. If min_grid is zeroi$ set automatically
according to Eq. (4.2) based on the parameter H. @mly for cylindrical grid
algorithm.

Merge 1 ... Integer array

Merge 10
parameter to merge longitudinal cells. Only foliryrical grid algorithm, seq
section 4.4.2

z_trans | Real | |

longitudinal position for automatic transition @D to 3D space charge
calculation. See chapter 4.6.

min_grid_trans

Real | |

minimal longitudinal length of 2D grid cells dugrautomatic transition of 2[p
to 3D space charge calculation. See chapter 4.6.

Nxf

| Integer | | 8

number of grid cells in x-direction. Only for 3Dgakithms. Nxf = 4

NxO0

| Integer | | 2

number of empty boundary grid cells in x-directimm each side of the bunch.

1< Nxo< WX =2

. Only for 3D algorithms.

Nyf

| Integer | | 8

number of grid cells in y-direction. Only for 3Dgakithms. Nyf = 4

NyO

[ Integer | | 2

number of empty boundary grid cells in y-directiom each side of the bunch.

1< NyO< % . Only for 3D algorithms.

Nzf

| Integer | | 8

number of grid cells in z-direction. Only for 3Dgakithm. Nzf > 4

NzO

| Integer | | 2

number of empty boundary grid cells in y-directiom each side of the bunch.

1< NzOs% . Only for 3D algorithms.

Smooth_x

| Integer | | 0

smoothing parameter for x-direction. Only for 3BTFalgorithm.
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Smooth_y | Integer | | 0
smoothing parameter for y-direction. Only for 3BTFalgorithm.
Smooth_z | Integer | | 0
smoothing parameter for z-direction. Only for 3BTFalgorithm.
Max_scale | Real*8 | [ 0.05
if one of the space charge scaling factors exctelBmit 1+ max_scale a ney
space charge calculation is initiated.
Max_count | Integer | | 40
if the space charge field has been scaled maxt ¢ones a new space charge
calculation is initiated.
Exp_control | Real*8 | [ 0.1
specifies the maximum tolerable variation of then¢h extensions relative fo

the gird cell size within one time step (see sectia!.6).
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6.7.The namelist APERTURE

The namelist APERTURE allows to include aperturesl @0 define material
properties for secondary electron emission. Circajgertures can be defined either by
a table containing the z-position (columnl in myahe corresponding aperture
radius (column 2 in mm) in a free format or intdindor the case of a simple
collimating hole, a circular grid, or a cylindrigalug. Planar apertures can be defined
internally only.

Parameter Specification Unit Default Value
LOOP Logical FALSE
see chapter 4.9.
LApert | Logical | | FALSE
if true apertures will be included.
File_Aperture( ) | Character150 array| |
user specified file name of an aperture table gmied. Allowed keywordd
are:
RAD for a simple circular aperture, i.e. a hole oglndrical 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, repely.
Col_X andCol_Y for a double sided planar collimator in x or yspectively.
Ap_Z1() | Real*8 array | m |
longitudinal start position of an aperture. Onlycambination with keyword
input.
Ap_Z2() | Real*8 array | m |
longitudinal end position of an aperture. Only mmbination with keyword
input.
Ap_R() | Real*8 array | mm
keywordRAD: Radius of the aperture. If Ap_R() is negativeylindrical plug
rather than a hole is generated.
keywordsScr_X andScr_Y: Distance of the scraper to the z-axis. If Ap_R
positive particles with positions larger than Ap_R(re scrapped off. If
Ap_R() is negative particles with position smallban Ap_R( ) are scrappgd
off.
keywordsCol_X andCol_Y: Half gap of a double sided planar collimator.
Ap_GR( ,) | Real*8 array | mm |
radii of grid elements in combination with keywad@ir . The first index is thq
element number, the second a radius. Odd indicisedéne lower radius angl
even indices define the upper radius of a grid el@mThe maximum numbgr
of grid elements is 20.
A_pog() | Real*8 array | m | 0.0
shifts the longitudinal aperture position. A_posiikied to the position definqd
in File_Aperture() or to Ap_Z1() and Ap_Z2( )spectively.
A_xoff() | Real*8 array | m | 0.0
horizontal offset of the aperture.
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=)

=

A_yoff() | Real*8 array | m | 0.0
vertical offset of the aperture.

A_xrot() | Real*8 array | rad | 0.0
rotation angle of the aperture in the x-z plare,around the y-axis.

A_yrot() | Real*8 array | rad | 0.0
rotation angle of the aperture in the y-z plare,around the x-axis.

A_zrot() | Real*8 array | rad | 0.0
rotation angle of the aperture in the x-y plare, around the z-axis.

SE_do() | Real*8 array | | 0.0
maximum secondary electron emission yield.

SE_Epm() | Real*8 array | kev | 10.0
kinetic electron impact energy which yields the maxm secondary electro
yield.

SE_fs() | Real*8 array | | 0.0
parameter describing the functional dependencheo§écondary electron yie
on the kinetic impact energy.

SE_Tau() | Real*8 array | ns | 0.0
exponential delay time of the emission. Active @tk 0.0.

SE_Esc() | Real*8 array | eV | 00
mean kinetic energy of the secondary electronghéf sum of the kineti
energies of all secondaries produced in one evergeels the kinetic energy
the primary electron the kinetic energy of the selawies is reduce
accordingly.

SE_ff1() | Real*8 array | | 0.0
factor for field enhanced secondary emission. etan 4.11.1

SE_ff2() | Real*8 array | eVim | 0.0

factor for field enhanced secondary emission. etan 4.11.1

Max_Secondary

| Integer | | 500,000

maximum number of particles (primaries + secondauieat can be held on th
stack during a run. The program is aborted if thgtiple number exceed
Max_Secondary.

LClean_Stack

| Logical | | .FALSE.

Option to reduce the required memory space in coatimn with secondar
emission. If true lost particles will be taken fraitme stack, i.e. they don
appear anymore in saved particle distributionsiarttle particle statistics. Th
particle coordinates of lost particles are printéd a file named
‘project.Lost_Part.run’ before they are taken frtva stack. The file structun
of the Lost_Part file is equivalent to a standaadtiple distribution file, but al
coordinates are in absolute values and not rel&digereference particle.

The option TrackS cannot be used in combinatioh Wilean_Stack.

(D —~+

]
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6.8. The namelist WAKE

Wake fields can be added as localized kicks whiehdescribed by tabulated values
and coefficients. In order to perform convolutiortegrals the charge distribution is
sorted into a longitudinal grid of variable girdzesi Smoothing and interpolation
parameters can be defined in order to optimizer#dsalt. Position and direction
vectors define the location of the wake field kaokd its direction.

The input of monopole or dipole wake potentialsuisgs two column tables
describing a pseudo Greens function of the wakerpiai in V/C, i.e. a numerical
result for a charge distribution short as compaxedhe distribution in the actual
calculation. The first line of the table consistanf integer number N and a zero. The
following N lines contain the position (column 1 m) and the corresponding
longitudinal or transverse wake potential (columnFor a detailed description see
Ref. [1].

Parameter Specification Unit Default Value

Loop Logical FALSE

see chapter 4.9.

LWAKE | Logical | | FALSE

if false all WAKE definitions will be ignored.

Wk_Type() | Character*40 array | [ undefined

specifies the type or method of a wake field caltah. Valid keywords ar¢
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.

Wk_filename() | Character*150 array| |

specifies the name of a file containing tabulateakev field or potentia
coefficients.

WK_testfile( ) | Character*150 array|

specifies the name of a file for test output. Otifpwonly written if a file name
is defined. The 3 columns of the file refer to thagitudinal position in thd
bunch [m], the local current [A] and the resultiloggitudinal wake potentig

[V/C]

WKk_screen() | Logical | | FALSE
if true the phase space distribution will be saxigtit after the wake kick hals
been applied.

Wk_scaling | Real*8 | | 1.0

scaling factor for wake kick.

WK_x() | Real*8 array | m | 0.0

transverse origin of a wake field in x.

Wk_y() | Real*8 array | m | 0.0

transverse origin of a wake field in y.

Wk_z() | Real*8 array | m | 1.0

longitudinal origin of a wake field in z.
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WkK_ex() | Real*8 array | | 0.0

x-component of the longitudinal direction vector.

Wk_ey() | Real*8 array | | 0.0

y-component of the longitudinal direction vector.

Wk_ez() | Real*8 array | | 1.0

z-component of the lonogitudinal direction vector.

Wk_hx() | Real*8 array | | 1.0

x-component of the horizontal direction vector.

Wk_hy() | Real*8 array | | 0.0

y-component of the horizontal direction vector.

WK_hz() | Real*8 array | | 0.0

z-component of the horizontal direction vector.

Wk_equi_grid() | Real*8 | | 1.0

if 1.0 an equidistant grid is set up, if 0.0 a gnith equal charge per grid cell |s
employed. Values between 1.0 and 0.0 result innmeeliate binning based dn
a linear combination of the two methods.

Wk_N_bin() | Integer array | | 10

number of bins.

Wk_ip_method() | Integer array | | 2

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

WKk _smooth() | Real*8 array | | 05

smoothing parameter for Gaussian interpolation.

Wk_sigma_min() | Real*8 array | [ 0.0

minimal sigma for Gaussian interpolation

Wk_sub() | Integer array | | 1

sub binning parameter.

References
[1] M. Dohlus et al. ‘Fast Particle Tracking with Wakgelds’, DESY 12-012
http://arxiv.org/abs/1201.5270
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6.9.The namelist CAVITY

The namelist CAVITY allows the user to include, atedsome extent to modify
arbitrary RF, static electric and magnetic fieldd &éields generated by linear plasmas.
The somewhat misleading name CAVITY is still kept listorical reasons.

The standard option to describe cavity fields iseobon 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 arbitraunits) in free format. The
transverse field components are calculated fromd#révatives of the on-axis field;
see Appendix (chapter 8). The polynomial expansirtends to ¥ order or, with
C_higher_order = True, td%order. The polynomial expansion is perfect alresudy
first order for a pure sine-like spatial wave. Datians from a sine-like spatial field
profile lead to increasing imperfections of thedildescription with increasing radius.
Differences of calculations done witff and & order expansion can be used to check
whether the field expansion approach is sufficientn 3D field map is required. A
smoothing procedure can be applied to suppress nahenoise by setting
C_smooth() =npON.

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

Static magnetic fieldsThe 3D field map option can be (ab)used to inclatiic
magnetic field maps. See below for details. ParameEx_stat( ) and Ey_stat() can
be used to redirect the field scaling parameterB(gxo a transverse component.

TE modesTo mark the field of a field table as TE mode -opposed to a standard
TM mode - the file hame has to start with the tettdE_’'. The field table in this

instance contains the position and the on-axisitodmal 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 mapsbskeav.

Traveling wave structures Traveling wave structures can be inserted in itstm
general form as superposition of real and imagimanys of the general solution; see
Appendix (chapter 9). For periodic structures theatiption presented in Ref [1] has
been incorporated. The transverse field componargsderived according to &'1
order polynomial expansion. The field table hasdatain the on-axis longitudinal
field amplitude of at least one RF period plus theut and output coupler cells,
which are treated as standing wave cells.
To the file a first line is added, containing ifree format:

Z1 2> n m
where Z and z are the start and end points of the traveling waelés (i.e. the end
and starting point of the input and output cellldam and m are two integers

characterizing the phase advance per &H 277%. Note thatEz(z) = E% 2,

9Bz _0E2 i _1 2 3should be fulfilled to high precision.
0z . 02 .

For a backward traveling wave structure set n < 0.

The file name has to start with the letters “TWS’.
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For a beta matched structure a wave number K_wpavas to be specified. For a
[ =1 structure the wave number is derived automaticiatiyn the frequency. The

length of a periodic structure can be specifiechwiite parameter C_numb( ), which
contains the number of cells (excluding the inmud 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 genenathfalhe six field
components Ex, Ey, Ez, Bx, By and Bz have to beedtin six files with a common
name except for the name extension. The name diiéisenas to start with the letters
‘3D’, or have ‘3D’ at position 4 and 5 of the nantiee 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, follodidy the field values at each grid
point. The grid does not have to be equidistant aad be different for each
component except for the first and the last lordiital grid coordinate, which has to
be the same for all components. A warning is givenparticle leaves the transverse
grid dimensions of a single component within thegitudinal grid boundaries at first
appearance only! The program does not stop anyasiewas the case in previous
versions! With Nx = number of grid knots in x, Nynamber 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]

F[ 01, 1, 1] F[ 2, 1, 1o, FIN, 1, 1]
FL L1, 2, 1 F[ 2, 2, 1o, FIN, 2, 1]
F[LNy, 1] F[ 20Ny, 1] oo, F[ N, Ny, 1]
FL L1, 1, 2] FL 2, 1, 2] eeoeeeen. FIN, 1, 2]
FI 1, 2, 2] F[ 20 2, 2]eeieeen . FIN, 2, 2]
FLOLNY, 2] F[ 20Ny, 21 oo FI N, Ny, 2]
F[ 1, 1, 3] F[ 2, 1, 3]eeveeeennnn.. FIN, 1, 3]
F[ LNy, Nzl F[ 20Ny NZ] oo oo F[ NX, Ny, Nz]

whereF is the value of the respective field component fibmber 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, otlmenmonents 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 nanigX 3D... or DY_3D...)
MaxE( ) refers to the on axis maximum of the BXBgrcomponent, respectively.
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In all cases it is assumed, that the ratio of aletd magnetic components is as V/m
to T. A linear interpolation is applied between tred 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 deamatch in this case.

For static electric 3D fields the name of the figsould start as ‘DC-3D’ or the
frequency, Nue( ), should be set to zero. File wiagnetic field components (.bx,
by, .bz) are not required in this case. With patams Ex_stat( ) and Ey_stat( ) the
scaling by means of MaxE can be redirected to peeied direction.

For static magnetic 3D fields one of the logicatgmaetrs Bx_stat(), By stat() or
Bz_stat() has to be set to true. The parametectdirthe field scaling parameter
MaxE( ) to the respective component. Files witlctle field components (.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 tfzeneder 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 conswy. 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-aaie required.

Field pointers In order to save storage place for cavities wiuah be described by
the same field map it is possible to define a figldinter by specifying
File_Efield(j) = ‘3D_Point@(i)’, where is the index of a cavity element specified as
3D field map andi <j . Parameters related to the grid (e.g. Com_grichudb) are
common for these cavities and are defined by ind&} 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 addednugthe
overlapping region. Thus modes or real and imagirzarts of a mode can be
specified as two field entries at the same locatiéee Appendix (chapter 9) and [9]
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— e C—“‘“J and E=Ee° ™, respectively.

If the stored energy of the cavity is specifiedaieloading 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 lase step.
Overlapping cavity fields cannot be treated cotyetty this option. When time
dependent parameters are specified actual fieldesahre stored in a file, see Table 3
and Table 4.
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Modifying the field profile and local perturbations The parameter Flatness( )
allows modifications of the field profile by multipng the longitudinal field (after the
scaling to MaxE) with a linear slope. It is not apable 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 tad should be checked witieldplot

In order to approximate local asymmetries as thay lbe generated e.g. by input
couplers a local transverse offset of the fieldween 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 exaeof this option is given in
Ref. [10].

Linear plasma wakefield Far behind the driver, the fields present in admglasma
wake [11] are given by

k2 2
E,(z r):—pmeigm(r) \/Z;azexp(— K

UZ] cosk,{ )
2 p

E(z1)= "me ( D(r) \fo— exr{ jsmw)
E(zn=——"— ‘m ( D(r) \fa exp( ]smw)

B =B=B=0
z X y
with the rest mass of electroms,, the elementary charge and c the velocity of
light.

W,/ (e )? .
The wave number of the plasnig [ . Is given by w, =| ——= with the
0
vacuum permittivitys, and the plasma density profit€z) .

o, = E_sigz denotes the rms length of the driver laser intgrsi the beam charge
density, respectively, and=z-y,t denotes the co-moving coordinate, whegeis

the group velocity of the driver in the plasma.
The normalized vector potential of a driver of ldndinal Gaussian shape is defined

asa’(¢,r) = ay(r)? exp( Zizj :

z

The transverse shape of the vector potential anévitdution in the longitudinal
direction can be either user-defined by a 3D fieldp of the vector potential

a,(x v, 2 by specifying the file name File_AQ( ), or it foWs the free evolution as
H 2
ag(zn= E_aO?E—Zigz ex;g— ' J,with

o;(2) 207 (2)
E _ 2
0’ (2) =E_sig + _eps (2 _ E_Z0) for an electron beam dri\
E_sidf
. 2
0*(2) =E_sigf + E_S|g2ézzr2E_ZO) for a laser driver

and the peak normalized vector potential define& ag =eA/(m ¢é)
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A constant plasma profile with rising and falling edge can benet using the
parameters P_Z1, P_7Z2, P_R1, and P_R2. Set File_Efield( asnRl for this case.

-1
The edge is modeled according n{Az) = r(1+ exp(4A% R)) wheren is the

plasma densityAz is the distance to the edge, i&z=z-P_Z1 or Az= z-P_2Z2
andP_R 1 or 2 is a taper parameter.

Arbitrary plasma profiles can be defined with a two-column file wiuchtains the
longitudinal positiorz[m] and the plasma density[arb. u.]. The plasma density will
be scaled so that the peak value is equal to P_n. The filename $iast twith the
word ‘Plasma’ and is specified in the input deck via the parantete Efield( ).
When laser wavelength E_Lam is specified, the linear wakefield modalades
slippage effects due to the laser group velocity in the plasmag€hari the bunch
phase in the wake due to changes in density are included.

References

[1] G. A. Loew, R.H. Miller, R. A. Early, K. L. Bane ‘Comput&alculations of
Traveling Wave Periodic Structure Properties’, SLAC-PUB-2295, 1979.
http://www.slac.stanford.edu/cgi-wrap/getdoc/slac-pub-2295.pdf

[9] P. Piot et al. ‘Steering and focusing effects in TESLA cavity ukigh order
mode and input coupler’ PAC 2005.
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[10] M. Krassilnikov, R. Cee, T. Weiland ‘Impact of the RF-Gun BoWoupler on
Beam Dynamics’, EPAC 2002.
http://accelconf.web.cern.ch/AccelConf/e02/PAPERS/WEPRIQ77.pdf

[11] E. Esarey, C. B. Schroeder, W. P. Leemans, ‘Physics of laser-dpiasma-
based electron accelerators’, Rev. of Mod. Phys., Vol 81, 2009.
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Parameter Specification Unit Default Value
LOOP Logical FALSE
see chapter 4.9.
LEfield | Logical | | FALSE
if false, all cavity fields are turned off.
File_Efield() | Character*150 array)| |

user specified file name for field tables, or mapskey wordplasma

C_noscale()

| Logical array | | FALSE

if true, the cavity field will not be scaled, butet file values will be taken 4
field values in MV/m (TM modes), or T (Te modes).

(&)

=

C_smooth() | Integer array | | 0
controls the number of iterations of a soft, iteatprocedure for smoothin
field tables. Since the transverse field componargsbased on derivatives
the field table and can be noisy if the table i poecise, smoothing if
recommended. Use fieldplot to check that the lamljital field componen
remains basically unchanged and that the transwarsgonents get smoot
Not applicable for 3D maps.

Com_grid() | Character array | |
either 'E,B’ if the E and B components of a 3D nae given on commof
grids or ‘all’ if all six components of a 3D mapeagiven on a common grid.

C_higher_order() | Logical array | | FALSE
if true, the field expansion extends t8 8rder, if false the field expansig
extends only to 1 order. If true stronger smoothing of the field htighe
required. Not applicable to TWS structures.

Nue() | Real*8 array | GHz |
frequency of the RF field.

K_wave( ) | Real*8 array | it |
wave number of the field, only f@ matched traveling wave structures.

MaxE() | Real*8 array | MVimorT |
the absolute maximum, on-axis, longitudinal elec{fiM mode) or magneti¢
(TE mode) field amplitude of the RF field is scatedhis value.

Ex_stat() | Logical array | | FALSE
redirects parameter MaxE( ) to the transverse r@dembmponent in x direction,
for DC fields only.

Ey_stat() | Logical array | | FALSE
redirects parameter MaxE( ) to the transverse rddembmponent in y direction,
for DC fields only.

Bx_stat() | Logical array | | FALSE
redirects parameter MaxE() to the transverse ntageemponent in x, fo
static magnetic fields only.

By_stat() | Logical array | | FALSE

redirects parameter MaxE() to the transverse ntageemponent in y, fo
static magnetic fields only.
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Bz_stat()

| Logical array | | FALSE

redirects parameter MaxE() to the transverse mageemponent in z, fo
static magnetic fields only.

D

\1%

Flatness() | Real*8 array | | 0.0
modifies the field flatness by multiplying the langlinal field component with
a linear slope; applied after scaling to MaxE. pplicable for 3D and TW$
structures.

Phi() | Real*8 array | degree |
phase of the RF field. Phi(0) defines a global phsisift of all cavities. Se
section 4.30.

C _pos() | Real*8 array | m |
shifts the longitudinal cavity position. C_pos ddad to the position defined
File_Efield().

C_numb() | Integer array | | 1(3in ASTRA Vers. 1)

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

T_dependence()

Character array | |

either *fill’ or ‘decay’ in order to activate filig or decaying of the cavity field
respectively.

D @

T _null() | Real*8 array | ns
for cavity filling: time between start of the fitlg of the cavity and start of th
particle tracking; for decay: time between startdetay and start of partic
tracking.
C_Tau() | Real*8 array | ns |
filling time of the cavity.
E_stored() | Real*8 array | J-mmv® |
stored field energy of the cavity. If specified bedoading is taken intg
account.
C_xoff() | Real*8 array | m [ 0.0
transverse offset of the cavity in x.
C_yoff() | Real*8 array | m | 0.0
transverse offset of the cavity in y.
C_xrot() | Real*8 array | rad |0.0
rotation angle of the cavity in the x-z plane, amund the y-axis.
C_yrot() | Real*8 array | rad [0.0
rotation angle of the cavity in the y-z plane, amund the x-axis.
C_zrot() | Real*8 array | rad [0.0

rotation angle of the cavity around the z-axis,inghe x-y plane.
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C_zkickmin()

| Real*8 array | m |

start of local field offset.

C_zkickmax()

| Real*8 array | m |

end of local field offset.

I

1%

1

=

C_Xkick() | Real*8 array | m | 0.0
local transverse field offset in x.

C_Ykick() | Real*8 array | m | 0.0
local transverse field offset in y.

File_AO() | Character*150 array)| |
for plasma wakefield: user specified file name fbe normalized vecto
potential a’, (x, A z) of a drive laser, file format defined like 3D fiemaps. If
C_noscale( ) = False, values from File_AO are ntimed and scaled to E_a
If no File_AO is defined, the driver spot size essd according to th
parameters E_sig, E_Z0, and E_Zr or E_eps.

P_71() | Real*8 | m |
effective longitudinal start point of the plasmeldi. Used if only the key wor
plasma and no table is provided in File_Efield.

P_R1() | Real*8 | m |
ramp parameter for the entrance of the plasma.ffékld calculation starts 4
P_Z1-2.5P_R1. Used if only the key word plasma and no tablerovided in
File_Efield.

P_72() | Real*8 | m |
effective longitudinal end point of a plasma fieldsed if only the key wort
plasma and no table is provided in File_Efield.

P_R2() | Real*8 | m |
ramp parameter for the exit of the plasma fielceld=icalculation ends 4
P_Z2+2.5P_R2. Used if only the key word plasma and no tabf@ovided in
File_Efield.

P_n | Real*8 | cnv’ |
peak plasma density. In the entrance and exit netfie plasma density
scaled as described above, or P_n is used to soalenormalized profile
defined in File_Efield().

E_a0 | Real*8 | | 0.0
peak normalized vector potentiéd _a, = eA/ (m &) of the generating drive
laser beam or charge density.

E_Z0 | Real*8 | m [ 0.0
position of the focus of the generating beam. Usad File_A0 is defined.

E_sig | Real*8 | m | 0.001
rms transverse beam size at the focus of the gémgizeam intensity. Used
no File_AO is defined.

E_sigz | Real*8 | m | 0.001

rms longitudinal beam size of the generating badensity.
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E Zr | Real*8 | m | 0.0
Rayleigh length of the generating beam. Alternapeeameter to E_eps. It |s
possible to specify E_Zr independently of E_sigedJs no File_AO0 is defined
E_Eps | Real*s | m [0.0
emittance of the generating beam. Alternative patamto E_Zr. Used if n@
File_AOQ is defined.
E_lam | Real*8 | m [ 0.0
wavelength of the driving laser. If no wavelengitspecified no correction fd
the group velocity in the plasma is applied.
zeta | Real*8 | m [ 1.0

distance between driving laser (or electron beant) electron beam at thHe
plasma start. Alternative to phase, active if < 0.
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6.10.The namelist SOLENOID

The namelist SOLENOID allows to include arbitrary solenoid fiddgsmeans of
tables, which may be generated by analytical calculations, measuremantaerical
codes. The table has to contain the z-position (columnl in m)h&ndorresponding
longitudinal on-axis magnetic field amplitude (column 2 arlisynn a free format.
The transverse field components are calculated from the derivatives of-teeso
field; see Appendix (chapter 8). The polynomial expansion extend® order or,
with S_higher_order = True, td%3order. A smoothing procedure can be applied to
suppress numerical noise by setting S_smooth( )rem .

|®)
=

Parameter Specification Unit Default Value

LOOP Logical FALSE
see chapter 4.9.

LBfield | Logical | | FALSE
if false, all solenoid fields are turned off.

File_Bfield() | Character*150 array| |
user specified file name.

S_noscale( ) | Logical | | FALSE
if true, the solenoid field will not be scaled, ihe file values will be taken 3
field valuesin T .

S_smooth() | Integer array | | 0
controls the number of iterations of a soft, iteratprocedure for smoothin
field tables. Since the transverse field componangsbased on derivatives
the field table and can be noisy if the table i poecise, smoothing i
recommended. Use fieldplot to check that the lamljital field componen
remains basically unchanged and that the transeers@onents get smooth.

S_higher_order() | Logical array | | TRUE
if true, the field expansion extends t8 8rder, if false the field expansid
extends only to %l order. If true stronger smoothing of the field htigoe
required.

MaxB() | Real*8 array | T | 0.0
maximum field value of the solenoid field. The fiés scaled to this value.

S pos() | Real*8 array | m | 0.0
shifts the longitudinal solenoid position. S_posdsled to the position define
in File_Bfield().

S xoff() | Real*8 array | m | 0.0
horizontal offset of the solenoid.

S yoff() | Real*8 array | m | 0.0

vertical offset of the solenoid.
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S xrot() | Real*8 array | rad | 0.0
rotation angle of the solenoid in the x-z plane, around the y-axis.
S yrot() | Real*8 array | rad | 0.0

rotation angle of the solenoid in the y-z plane, around the x-axis.
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6.11.The namelist QUADRUPOLE

The namelist QUADRUPOLE allows to include quadrupole fieldetas analytical
expressions and field profile data.
In case of the analytic describtion the fringe field is tapered acaptdithe relation

-1
9(02) = g(1+ exp(4A}/Q bore)j whereg is the quadrupole gradient add is the

distance to the quadrupole edge. The tapering is user-defined bys roéahe
parameter Q_bore, which might be set approximately to the dianoétehe
quadrupole bore. The tapered region extents on both edges ovethaokBQ bore.

A longitudinal field component exists in the tapered regionaccordance to
Maxwell's law. Due to the tapering the actual field is longer thaa specified
effective length by & bore Fields of neighboring quadrupoles are superimposed if
they are too close. When the length of a quadrupole is shbeer3Q borethe
fringe fields of both edges start to overlap. In order to reachpthefeed gradient a
renormalization of the gradient is applied in this case and a vwgashgiven. Strongly
overlapping fringe fields lead to unphysical field profiles and a aalu of the
effective magnet strength. The field profile should hence be checkedieldplot in
such case. When a focusing strength is specified rather than a griel@piot
assumes a beam momentum of 1 MeV/c to set a gradient for the plot.

Other field profiles can be introduced by means of a data file camgatiné z-position
(columnl in m) and the corresponding gradient (column 2 arb) imigsfree format.
(Q_Type( ) = filename’).The file name has to contain the string ‘datiegword. A
longitudinal field component is derived in regions of varyimgdgent in accordance
to Maxwell’s law.

Multipole components Multipole components can be added with the parameters
Q_mult_a(i, j) and Q_mult_Db(i, j), where indexi refers to the multipole
coefficient and indey is the element number. The field parameterization follows
closely a standard multipole expansion. Witla =Q_ mult_a(i, j) and

b =Q_ mult_ (i, j) the field components write as:
B = Z r'?(-q cos(i @)+ sin(ip))
B, = 3 ri’z(q sin(ilg)+h cos(i@)))

B, =—-Q_grad( )( xB - yB)
B, =-Q_grad( )( yB + xB)

l.e. the coefficients are defined relative to the quadrupole gradientlescribes
normal coefficients, whilea describes skew coefficients and=1...6 describe

dipole, quadrupole, sextupole etc. components, respectively.thatt€) grad(J)

enters with reversed sign in order to comply to the sign conveasi@iven below.
Multipole components are realized for standard quadrupoles and faditep only.
The fringe field of the multipole components is tapered as the guadrupole field
but the contribution of the multipole components onto thegitudinal field is
ignored.
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Parameter Specification Unit Default Value

LOOP Logical FALSE
see chapter 4.9.

Lquad | Logical | | FALSE
if false, all quadrupole fields are turned off.

Q_type() | Character*150 array| |
besides standard quadrupoles (w.o. type spedifidatskew quadrupoles
doublets andriplets and fielddata can be specified. Doublets have the same field
amplitude with reversed sign in the two magnets. tAplets the field amplitudg
has the same magnitude for all magnets but oppsigiteof the outer magnets gs
compared to the inner one. The inner magnet isstagclong as the outer ones.

Q _grad() | Real*8 array | T/m |
guadrupole gradient. Refers to the first quadrupolzase of doublets and tripletp.
A positive gradient focusses negatively chargedigas traveling into positivd
z-direction in the x plane.

Q K() | Real*8 array | it |
focusing strength of the quadrupole. The gradierset during the tracking of tHe
reference particle in dependence of the referemeticfe momentum. Refers fo
the first quadrupole in case of doublets and tt&pleA positive quadrupolg
strength focusses negatively charged particlegliray into positive z-direction i
the x plane. If Q_K and Q_grad are specified, QaK & higher priority.

Q_noscale() | Logical | | FALSE
if true, the field profile will not be scaled, bthe file values will be taken gs
gradients in T/m or as focusing strength i m

Q_length() | Real*8 array | m |
effective length of the quadrupole.

Q_smooth() [ Integer array | | O
controls the number of iterations of a soft, iterafprocedure for smoothing field
profile tables.

Q_bore() | Real*8 array | m | 0.035
taper parameter for the quadrupole field edge.

Q_dist() | Real*8 array | m |
distance between magnets in case of doublets ghetdr

Q_mult_a(,) [ Real*8 array | | 0.0
skew multipole coefficients.

Q_mult_b(,) | Real*8 array | | 0.0
normal multipole coefficients.

Q _pos() | Real*8 array | m |
longitudinal quadrupole position. Refers to theteewnf the magnet(s) also in case
of doublets and triplets.
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Q_xoff() | Real*8 array | m |

horizontal offset of the quadrupole, the doublethertriplet.
Q_yoff() | Real*8 array | m

vertical offset of the quadrupole, the doublettar triplet.
Q xrot() | Real*8 array | rad |0.0

rotation angle of the quadrupole in the x-z plare,around the y-axis.
Q _yrot() | Real*8 array | rad |0.0

rotation angle of the quadrupole in the y-z plaree,around the x-axis.
Q zrot() | Real*8 array | rad |0.0

rotation angle of the quadrupole around the z-axdsjn the x-y plane.
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6.13.The namelist DIPOLE

The namelist DIPOLE allows to include dipole fields basedrmdytical expressions.
Dipoles are defined by two edge lines, defining the entrance anditHaaxof the

dipole. Each line is defined by two points in the input ddtie connecting lines of
these points define the area in which the actual field calculatias tplace. The
shape of the area is arbitrary, except that is has to be cc vex.

Dl(l) Dipole Field Map D3(|)

T T T T T T T T

Fig. 4 Example for the definition of a dipole: The entrance entface of the
dipole are defined by the lines D1(i) = (1.0, 0.6) to D2(i) =0(-0.9) and
D3(i) = (1.0, 1.4) to DA4(i) = (-1.3,1.2). The lines D12@nd D3 -D4 are
associated with the taper parameters D_Gap(1,i) and D_Gap(2,i). fraecen
and exit lines form together with the extrapolated connecting res D3 and
D2 — D4 the area in which the dipole field is defined. Note ttikeroof the
corner points. Exchanging D3 and D4 would be no valid input.

Dipoles can be defined to bend in the x-z plane (horizontal) aheny-z plane
(vertical). Overlapping fields are superimposed if the magnetseéireed in the same
bending plane. In the case of sections composed of horizontakarzhl dipoles the
user has to make sure, that magnets in the two principle planest overlap. (Note
that a dipole has an infinite extension into the direction perpeladito the bending
plane.)

The pivot point for rotations is defined by the average offthue corner points.
Rotations and offsets within the bending plane are uncriticalc®trect treatment of
overlapping fields is, in the case of rotations out of the benpliange, however only
possible, if the fields do also overlap when the magnets are rmbédodut of the
bending plane. A section of dipoles which are rotated by a conmangle is hence
uncritical. In complicated geometrical cases it is advisable to temtloas wise.

The field strength is set either directly or by the bending radiuois. radius is used to
calculate the field strength based on the energy of the reference p&agiative

bending radii deflect electrons toward positive x-values. Fringlel$-iare calculated
between two parallel lines around the dipole edges. They haie5aD Gaf offset

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

-1
B, (d) = Bb(1+ eXp(4%_GapD , Whered is the normal distance to the edge.
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The other field components are calculated according to Maxwell’'s law. Trigee fri
fields of the same magnet are not allowed to overlap.
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Parameter Specification Unit Default Value

LOOP Logical FALSE
see chapter 4.9.

LDipole | Logical | FALSE
if false all dipoles are turned off.

D_Type() | Character*10 array |
besideshorizontal dipoles which bend in the x-plamertical dipoles can b
specified to bend the beam in the y-plane.

Di1(, ) Double Complex m (0.0,0.0)
array
coordinates of the first corner of a dipole. Twonters, enclosed by brackg
and separated by a comma, are to be given. Therfimmber defines th
horizontal or vertical (if D_type = ‘vertical’) cedinate, the second numb
defines the longitudinal coordinate.

D2(, ) Double Complex m (0.0,0.0)
array
coordinates of the second corner of a dipole. Twanlrers, enclosed b
brackets and separated by a comma, are to be dgihenfirst number define
the horizontal or vertical (if D_type = ‘verticaloordinate, the second numhi
defines the longitudinal coordinate.

D3( ,) Double Complex m (0.0,0.0)
array
coordinates of the third corner of a dipole. Twanters, enclosed by brackg
and separated by a comma, are to be given. Therimhber defines th
horizontal or vertical (if D_type = ‘vertical’) cedinate, the second numb
defines the longitudinal coordinate.

D4(, ) Double Complex m (0.0,0.0)
array
coordinates of the fourth corner of a dipole. Twombers, enclosed b
brackets and separated by a comma, are to be dgihenfirst number define
the horizontal or vertical (if D_type = ‘verticaloordinate, the second numhi
defines the longitudinal coordinate.

D_Gap(, ) | Real*8 array | m | 0.05
taper parameter for the dipole fringe field. Thstfindex of the array is 1 or
for the first and second dipole edge, while theosddndex refers to the dipo
number.

D_strength() | Real*8 array | T | 0.0
the dipole magnet strength.

D_radius() | Real*8 array | m | 0.0

if a bending radius is defined the magnet stremgtet during the tracking g
the reference particle in accordance to the beaarggn If D_radius ang
D_strength are specified, D_radius has a higheripyi

—h
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D_xoff() | Real*8 array | m [ 0.0

transverse offset of the dipole in x.
D_yoff() | Real*8 array | m [ 0.0

transverse offset of the dipole in y.
D_zoff() | Real*8 array | m [ 0.0

longitudinal offset of the dipole in z.
D_xrot() | Real*8 array | rad |0.0

rotation angle of the dipole in the x-z plane, amund the y-axis.
D_yrot() | Real*8 array | rad |0.0

rotation angle of the dipole in the y-z plane, amund the x-axis.
D_zrot() | Real*8 array | rad |0.0

rotation angle of the dipole around the z-axis,inghe x-y plane.
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6.14.The namelist LASER

The namelist LASER allows to include an electromagnetic field as gedebsgt a
laser beam. ASTRA treats a laser just as a special external field, effeetg.as
Compton scattering are not included.

Besides a diffraction limited short pulse Gaussian laser mg@deB), a CW
transversely Gaussian laser model has been implemented which adlomsnic
different longitudinal pulse forms by means of window functiolms.addition a
radially polarized short pulse Gaussian lagd?l() model is implemented.

Some input parameters are highly redundant, e.g. the intehsity taser field can be
specified via the pulse energy, the pulse power, the peak eligsittien the focus or
via the normalized vector potential. The relations used internallgotovert the
different quantities are summarized below.

Since a laser beam moves it has to be synchronized to theoelbeam to meet the
laser beam at a specified position. The interaction region is defiitecparameters
L Z1() and L_Z2( ). The laser field is only calculated when therelediunch is in
between these longitudinal positions. For the synchronizgiimpose parameters
L_zstart() or L_tstart( ) can be set. An electron beam travelling spiged of light
will meet the laser beam in the interaction region when both startdt zstart and
t = L_tstart. This applies also when the laser is rotatedfaie coordinate system of
the electron beam. In general one will start the electron beans 4t=20.0 and use
L zstart or L_tstart to adjust for time of flight differences due viocities
differences.

Parameter L_H() allows to reduce the time steps of ASTRA witeninteraction
region to cope with the short wave length of the laser fielde lwit an uncertainty of
H_max- electron beam velocity exists concerning the exact location at whactep
width is reduced to L_H('). L_Z1( ) should hence not be chasé&ght.

The Gaussian laser beam (short pulse and cw) is by default trangvyeokaized
with the electric field pointing into x direction. The polaripat direction can be
rotated with parameter L_zrot( ). Parameter L _delta( ) allows to mix andeco
component in, which is polarized perpendicular to the first compareh shifted in
phase by 90 degree. Thus all sorts of elliptical and circular patamn can be
realized.

The propagation direction of the laser beam can be changed with the pasamet
L _xrot( ) or L_yrot( ). The pivot point for the rotation is centdrthe interaction
region (L_Z1() + L_2Z2())/2.
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Laser beam modelsThe relations used to describe the field of a laser beam in
ASTRA follow closely the treatment by McDonald [1]. The temgbgulse shape of
the fields is assumed to be of hyperbolic secant shape (= 1/hyperbsiine) [1].
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Figure 1. Comparison of Gaussian and hyperboliarsigoulse shape with equagi/
width and corresponding squared functions.

The pulse length relates to thewidth of the field which is equal to 1.055 times the
rms width for the hyperbolic secant. Since the laser intensityoigoptional to the
square of the laser field, the 1/e-width of the intensity isaketpu0.66 times the 1/e-
width of the field.

Peak poweP and laser energy = j Pdt are related byP :Ziacoshej with the 1/e
T

pulse lengthr .

Approximations made are valid as long é;zL >1, e=exp(l)= 2.718.

acoshe¢ )
holds.

For the internal description the longitudinal pmsitis measured relative to the focus
2

position and in relation to the Rayleigh length = 473:70 as{ :}/Z with the rms
R

spot size of the laser intensity at the foams The transverse rms laser beam size

develops agr = g,4/1+{? (w: w,/l+ (2) and the beam radiug is two times the
rms beam size.
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Gaussian Laser BeamThe phase for the Gaussian laser beam is given as:
Z 2

W=&t@oe tPs—

¢ and the phase’—ax—kz.

with the Gouy phas@, = atan{ , the carrier envelope phase

With an envelope function defined &sw = EO%e_“FSech%, wherer =/x* +y? is
w 0

the transverse position, the field components esad

E, = EnvlcosW
E, =0
X W .
E, = ———2 Env(sinW + ¢ cos¥
T W { ¢ cos¥)
B, =0
B, = E,
YW
B, =———— Env(sInW¥ + ¢ cos¥
2Tz W { ¢ cos?)
: : : 1, E?
The field amplitude follows from the Poynting theor P:—Ids7 as
,70 A
np : : L
E, =,/—= with the vacuum impedaneg. The normalized vector potential is given
mo
as a, - 6 with the wave numbek :2_77.
m, & k A

For the orthogonal polarization stateandy are exchanged and an additional phase
shift by % is introduced, i.ecos¥ - - sin¥ andsinW - cos¥. The components
read thus as:

E =0

E, = -Ew(Sin¥

- ng )

E =—— Env(cosW - ¢ sin¥
©T W ! ¢ si¥)

B =E,

B, =0

. X W )

B =———22 En(cosW - ¢ sin¥
“T W 0 ¢ si¥)

The two components are mixed as:
£, =0E +(1-0%)" E, = OF,
£, =(1-07)" E

E, =- invx[(& (1-62)= cy)sin¥ + (o xe (1-7)2 ) cos¥ |
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B, = _Z_RW[(dy_(l_ 52)}/2 Cx)sinLIJ +(5¢y+(1_ 52)}/2 x) cosLIJ}

Radially Polarized Laser beamThe phase for the radially polarized beam is given
2

as:w=5+¢CE+2¢G—(rW

phaseg.. and the phasé = awt —kz.

with the Gouy phas@, =atand , the carrier envelope

With an envelope function defined &= EO%G_WZSECI’]% , the field components
write as:
E = X EwcosW
WO
E, = Y Ewcosw
WO
2 2
E, =% g (1—r_jsinklJ i cosw
Z, W W2
B, =-FE,
B, = E
B,=0.0

N

—2
The field amplitude follows from the Poynting reédat P:”ij-ds% as
0A

E, = 0 with the vacuum impedancg,. The normalized vector potential is
mo

given asa, =5 with the wave numbek :27”. Note that whileE, is a factor

m, ¢ K
J2 larger than in case of the linearly polarized behenmaximal transverse field at
r :%5 reaches only0.43[E, and thus about 60% of the maximal field of the

linearly polarized case.

References

[1] K. T.McDonald ‘Gaussian Laser Beams with RadialaRpation’, Princeton
University 2000.
http://puhepl.princeton.edu/~mcdonald/examplestaxibig.pdf
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Parameter Specification Unit Default Value
LOOP Logical FALSE

see chapter 4.9.
LLaser | Logical | | FALSE

if false, all laser fields are turned off.
L_Type() | Character*150 array| |

type of laser beam. Valid keywords are:

CW = cw Gaussian laser beam

GLB = short pulse Gaussian Laser Beam

RPL = short pulse Radially Polarized Laser beam
L_Z1() | Real*8 | m |

start position of the interaction region with thasér field.
L_Z2() | Real*8 | m |

end position of the interaction region with theciafeld.
L_HQ) | Real*8 | ns [ 0.0

local time step setting, active#f 0.0.
L_F() | Real*8 | m |

longitudinal position of the focus.
L_zstart() | Real*8 | m | 0.0

longitudinal start position of the laser beam.
L_tstart() | Real*8 | ns | 0.0

start time of the laser beam.
L_xoff() | Real*8 | m | 0.0

transverse offset of the laser field in x.
L_yoff() | Real*8 | m | 0.0

transverse offset of the laser field in y.
L_xrot() | Real*8 | rad | 0.0

rotation angle of the laser field in the x-z plane, around the y-axis.
L_yrot() | Real*8 | rad | 0.0

rotation angle of the laser field in the y-z plane, around the x-axis.
L_zrot() | Real*8 | rad | 0.0

rotation angle of the laser field around the z-aixés in the x-y plane.
L_EO() | Real*8 | J | 0.0

pulse energy of the laser.
L_Pow() | Real*8 | w | 0.0

pulse power of the laser.
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L _a0()

| Real*s | | 0.0

normalized vector potential of the laser in theufac

L_Epeak()

| Real*8 | Vim | 0.0

electric field amplitude of the laser in the focus.

L_tau()

| Real*8 | s | 0.0

temporal 1/e pulse width of the lagieid.

L_phi()

| Real*8 | rad | 0.0

carrier envelope phase.

L_lam()

| Real*8 | m | 0.0

wave length of the laser radiation.

L_sigo()

| Real*8 | m | 0.0

transverse rms size of the laggensity at the focus positiond, =0, =07).

L_wO0()

| Real*8 | m | 0.0

transverse size of the lasettensity at the focus position =-2_sig0( ). If
L_sig0() and L_waO( ) are specified L_sig0( ) haiety,

L_delta()

| Real*8 | | 1.0

polarization factor; Abs(L_delta( }¥ 1
L_delta() = £1.0 linear polarization in x diremti
L_delta() = 0.0 linear polarization in y direatio

L_delta() :1/\/5 circularly polarized laser beam.

L_window()

| Character*150 array| |

defines a window type for cw Gaussian laser beahe Window is applied
over the interaction range. Valid types are:

Blackman: a standard Blackman window

Tukey: a Tukey window with taper parameter L_alpha()

L_alpha()

| Real*8 | | 1.0

Taper parameter for Tukey window; 0 < L_alpha{].
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7. Input namelist fogenerator
7.1.The namelist INPUT

Parameter

Specification Unit Default Value

FNAME

Character*150 rfgun.ini

file name for initial particle distribution; reconemnded extensions are .ini
.Zpos.run, respectively.

pr

Add

| Logical | | FALSE

if true the input list has to be specified N_adoheés and N_add differer
distributions will be added.

—

N_add

| Integer | | 0

number of distributions to be added.

Ipart

| Integer | | 100

number of particles to be generated.

Species

Character*80 | | Electrons

species of particles to be generated. Valid atectrons,positrons, protons
hydrogen.

The key wordon allows to generate particles with user definetbrat mass to
charge state. In addition to the keyword ion a neinfietween 1 and 10 has
be specified, e.g. ‘ion 1'. The number is used mdex in the ion_mas|
specification. The parameter ion_mass needs tqebeified in generator an
again in the namelist NEWRUN éfstra.

To adopt the graphics programpostpro additional specifications in th
Plot_steering.par file are optional (see chaptg). 5.

20U

ion_mass()

Real*8 Array | evic | 0.0

the mass divided by the charge state of user dkfperticles. The inde
number corresponds to the number specified togethbrthe keyword ions in
the Species definition. Negatively charged parsidlee defined by a negati
value of the ion_mass parameter. lon_mass(1) —i€l&)apped onto particl
index 5 — 14 in the saved particle distributioe fil

D

Probe

Logical | | TRUE

if true, 6 probe particles are generated at looatio
(0.50x, 0.50z), (1.x, 1.00z), (1.590x, 1.502),
(0.50y, -0.502), (1.y, -1.002), (1.90y, -1.502).

Passive

| Logical | | FALSE

if true only passive particles will be generated.

Noise_reduc

| Logical | | TRUE

if true, particle coordinates are generated quasiiomly following a4
Hammersley sequence.

Cathode

Logical | | TRUE

if true the particles will be generated with a tisgread rather than with

spread in the longitudinal position, i.e. sig_z, &ad rz are set to zero ahd

sig_clock, Lt and rt have to be specified. See tdrap.2 to chapter 7.4. Stat
flags will be set accordingly.

a

IS

R_Cathode

Real*8 | m | 0.0

radius in case of a curved, i.e. non planar cathédéve if R_cathode is ng
zero. See section 7.5.2.
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High_res | Logical | | FALSE
if true, the particle distribution is saved witttieased accuracy. See
Table 4.
Binary | Logical | | FALSE
if true, the particle distributions is saved induiy format.
Q_total | Real*8 | nC | 1.0
total charge of the particles. The total chargegsally distributed on the Npajt
particles. Astra would allow also particles with varying macro djpaiin one
distribution.)
Type | Character*80 | | standard
defines the type of the distribution. Valid atandard andring.
Rad | Real*8 | mm | 0.0
radius of ring type distributions.
Tau | Real*8 | ns | 0.0
exponential delay time of the emission. Active #uF: 0.0. The delay is addgd
to any distribution in time, i.e. to any distriboti starting at the cathode. Nqte
that the delay time is random and might interfer whe quasi random natuge
of an input distribution.
Ref_zpos | Real*8 | m | 0.0
z position of the reference particle, i.e the londjnal bunch position.
Ref_clock | Real*8 | ns | 0.0
initial clock value of the reference particle, ¢gargeneral be set to zero.
Ref _Ekin | Real*8 | MeV [ 0.0
initial kinetic energy of the reference particle.
Dist_z | Character*80 | | uniform
specifies the longitudinal particle distributiororFvalid keywords and relateld
parameters see chapter 7.2 to chapter 7.4.
sig_z | Real*8 | mm | 0.0
rms value of the bunch length.
C_sig_z | Real*8 | | 0.0
cuts off a Gaussian longitudinal distribution ats{@ z times sig_z. Activg
if #0.0.
Lz | Real*8 | mm | 0.0
length of the bunch.
rz | Real*8 | mm | 0.0
rising of the bunch distribution; only for platedistribution.
sig_clock | Real*8 | ns | 1.0D-3

rms value of the emission time, i.e. the bunch tlenfy generated from &
cathode.
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C_sig_clock | Real*8 | | 0.0
cuts off a Gaussian longitudinal distribution atsg clock times sig_clocK.
Active if £ 0.0.
Lt | Real*8 | ns | 0.0
length of the bunch; only for plateau distribution.
rt | Real*8 | ns | 0.0
rise time of the bunch; only for plateau distrilouti
Dist_pz | Character*s0 | | uniform
specifies the longitudinal energy and momentuntiBistion, respectively. Fof
valid keywords and related parameters see chafdo thapter 7.4.
sig_Ekin | Real*8 | kev ] 00
rms value of the energy spread.
C_sig_Ekin | Real*8 | | 100.0
cuts off a Gaussian energy and momentum distribuaio C_sig_Ekin time
sig_Ekin. Active if£ 0.0.
LE | Real*8 | keV | 0.0
width of the energy distribution.
= | Real*8 | keV | 0.0
rising of the energy distribution, only for platedigtribution.
emit_z | Real*8 | nkevmm [0.0
longitudinal particle emittance. Can be specifiestéad of the energy spredd.
If an energy spread and an emittance is specfifiee@hergy spread has priority.
cor_Ekin | Real*8 | keVv | 0.0
correlated energy spread.
E_photon | Real*8 | eV | 0.0
photon energy for Fermi-Dirac distribution.
phi_eff | Real*8 | eV | 0.0
effective work function for Fermi-Dirac distributio
Dist_x | Character*80 | | Gaussian
specifies the transverse particle distribution lie torizontal direction. Fa
valid keywords and related parameters see chafdo thapter 7.4.
sig_x | Real*8 | mm | 1.0
rms bunch size in the horizontal direction. Als@ thertical bunch size if
Dist_x = radial.
C_sig_x | Real*8 | | 0.0
cuts off a Gaussian horizontal distribution at @_si times sig_x. Activd
if £0.0.
Lx | Real*8 | mm | 0.0
width of the horizontal particle distribution.
rx | Real*8 | mm | 0.0

rising of the horizontal particle distribution; grfor plateau distribution.

95



x_off

| Real*8 | mm | 0.0

horizontal offset of the particle distribution.

Disp_x | Real*8 | m | 0.0
horizontal dispersion; a horizontal offset is adtedll particles according to:
X = X+ Disp_ XA—FE) ; increases the calculated bunch emittance.
Dist_px | Character*80 | | Gaussian
specifies the transverse momentum distributiorhetorizontal direction. Fgr
valid keywords and related parameters see chafdo thapter 7.4.
Nemit_x | Real*8 | 1 mrad mm | 0.0
normalized transverse emittance in the horizontaction. Can be specifiep
instead of a transverse momentum spread. If a momespread and ah
emittance is specified the emittance has prioAtgo the normalized verticg
emittance if Dist_px = radial.
sig_px | Real*8 | evVic | 0.0
rms value of the horizontal momentum distribution.
C_sig_px | Real*8 | | 100.0
cuts off the horizontal momentum distribution ats{@_px times sig_px.
Lpx | Real*8 | evVic | 0.0
width of the horizontal momentum distribution; oty plateau distribution.
rpx | Real*8 | evic | 0.0
rising of the horizontal momentum distribution; wifibr plateau distribution.
cor_px | Real*8 | mrad | 0.0
correlated beam divergence in the horizontal divect —ﬁ Xoms | MY .
m
For extreme settings of cor_px the correlated bdamrgence cannot be spt
correctly and the beam energy will be increaseddyerator A warning will
be given in this case.
Dist_y | Character*s0 | | Gaussian
specifies the transverse particle distributionhia vertical direction. For valigl
keywords and related parameters see chapter €tafpder 7.4.
sig_y | Real*8 | mm | 1.0
rms bunch size in the vertical direction. Not sfigaint if Dist_x = radial.
C_sig_y | Real*8 | | 0.0
cuts off a Gaussian vertical distribution at C_gigimes sig_py. Activg
if #£0.0.
Ly | Real*8 | mm | 0.0
width of the vertical particle distribution.
ry | Real*8 | mm | 0.0

rising of the vertical particle distribution; onflgr plateau distribution.
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y_off | Real*8 | mm | 0.0
the vertical offset of the particle distribution.

Disp_y | Real*8 | m | 0.0
vertical dispersion; a vertical offset is addedligarticles according to:
y=y+ Disp_ yA—:) ; increases the calculated bunch emittance.

Dist_py | Character*80 | | Gaussian
specifies the transverse momentum distributionhim ¥ertical direction. Fof
valid keywords and related parameters see chafdo thapter 7.4.

Nemit_y | Real*8 | nmrad mm | 0.0
normalized transverse emittance in the verticakalion. Can be specified
instead of a transverse momentum spread. If a momespread and ah
emittance is specified the emittance has priofitgt significant if Dist_px =
radial.

sig_py | Real*8 | evVic | 0.0
rms value of the horizontal momentum distribution.

C_sig_py | Real*s | | 0.0
cuts off a Gaussian vertical momentum distribugdrC_sig_py times sig_py.
Active if £0.0.

Lpy | Real*8 | evVic | 0.0
width of the vertical momentum distribution; onlyrfplateau distribution.

rpy | Real*8 | evic | 0.0
rising of the vertical momentum distribution; ority plateau distribution.

cor_py | Real*8 | mrad | 0.0

. . . oa
correlated beam divergence in the vertical dII’GE’CtFO—m y,ms[mn] .
m

For extreme settings of cor_py the correlated bdamrgence cannot be spt
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)= 1 for |X < FWHM
FWHM

0 elsewhere

rms value - PWHM
243
Generator specifications
Dimension Key word Parameter unit
FWHMor o

temporat Dist_z = uniform" | Lt or sig_clock ns
longitudinaf z | Dist_z =tniform' | Lz or sig_z mm

longitudinal K, | Dist_pz = uniform'

LE or sig_Ekin of
emit_z

keV or keVmm

transverse X Dist_x mhiform’

Lx or sig_X

mm

transverse y Dist_y mhiform’

Ly or sig_y

mm

transverse p Dist_px = uniform' | Lpx or sig_px on eV/c or mrad mm
Nemit_x
transverse p Dist_py = tuniform' | Lpy or sig_py on 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(x):i 1

L1+ exp{i( ax - L))

Definition of rt:

rt is defined by a straight line with a slofiven by:

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

FWHM value FWHM =L

L
rms value < 2—

2@

—

n<—

N
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Relation of rms value and rise time

0.4 0.5

0.8

0.6

f(x)

0.4

i
d
I
i
[
1
1
i

-1

X
Example: Plateau distribution witlh. = 1 andrt = 0.2. Straight lines according to the

definition ofrt.

-0.5 0

Generator specifications

Dimension Key word ParameterlL, rt unit

temporat Dist_z = plateau’ Lt, rt ns

longitudinaf z | Dist_z =plateau’ Lz, rz mm
longitudinal K, | 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

! 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 fillekipsoid onto the z-axis.

ax

FWHM value FWHM =2z,

— Lrax
rms value g,=

NG

Generator specifications:
Dimension Key word Parameter o unit
temporat Dist z =inverted' | sig_clock ns
longitudinaf z | Dist_z Snverted' | sig z mm

7.2.4Gaussian distribution
Definition and basic relations

1 1%
f(x)= N EXD(_E?J

FWHM value FWHM =2,/-2In(0.9 = 2.3%

Generator specifications:

Dimension Key word Parameter o unit

temporat Dist_z = gauss' sig_clock ns
longitudinaf z | Dist_z =jauss' Sig_z mm
longitudinal K, | Dist_pz =gauss' sig_Ekin or emit_2z keV or keVmm
transverse X Dist_x gauss' Sig_X mm
transverse y Dist_y gauss' Sig_y mm
transverse p Dist_px = gauss' sig_px or Nemit x  eV/c or mrad mm
transverse p Dist_py = gauss sig_py or Nemit_ y  eV/c or mrad mim

1 active if Cathode = TRUE,active if Cathode = FALSE
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7.2 .5truncated Gaussian distribution
Definition and basic relations

1 1 x?
f(X)=——exp| ~———— for (x| < C. O
( ) \/ZTO}HP p( 20_2 ] | | Cut™ inp

inp

relation betweems,, and rms value of the truncated distributigy;

CCutainp <o

T out

Note that the cut produces a rectangular struclQoempare with the 2D-Gaussian
distribution 7.3.2.

< Oinp

Generator specifications

Dimension Key word Parameter g,,,, C, unit
temporat Dist_z = gauss' sig_clock, C_sig_clock ns, dim. lesg
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/cor mrad mm
C_sig _py dim. less

1 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)=# for X’ +y’<r?

0 elsewhere

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

/rz —x2

f(x)=2ff(x,y)dy=27 | xsr

with the following properties:

FWHM value FWHM =31
rms value o= r
2

Generator specifications

Dimension Key word Parameterr or o unit

transverse x,y | Dist_x xddial Lx or sig_Xx mm
uniform’

transverse p p, | Dist_px = tadial Lpx or sig _px or eV/cor mrad mm
uniform’ Nemit_Xx

7.3.2(truncated) 2D-Gaussian distribution
Equivalent to distributions 7.2.4 and 7.2.5 buthwif (y) = f(x). The cut will
produce a circular structure.

Generator specifications

Dimension Key word Parameter g,,,, Cc, unit

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

transverse p p, | Dist_px = 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

7.4.1lisotropic momentum distribution

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

p>f+ p32/+ pf: P2: Ekzin-l-2 E(in

P
rmsvalue op,=op,=—F
VK
op, =——
z 2\/5
P
mean value pz,mean:E
normalized transverse emittances[1]:
E =0 i 2Ekin
X,y Xy)’\/é rTbCZ

Generator specifications

Dimension Key word Parameter Eyj, unit

Px> Py, 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 fromneaetallic cathode at room
temperature according to ref. [2]. The random gatieerworks only as true random
generator, the noise reduction option is hencecked off, if selected in the input
deck. As input parameters the effective work fumectdb,, , i.e. including a possible
reduction due to the Schottky effect, and the phapergyEyn: need to be given.
The following relations hold:

Ephot - qoeff

rmsvalue  op,=op, =
3m,c

mean Energy E,. =§(Ephot —Cﬂeﬁ)
1
Energy spreaw,,, = m ( E phot ‘(ﬂeff)

normalized transverse emittances:

E [0} _we
fx,y:Ux,y p3ht C2 ff
m,
Generator specifications
Dimension Key word Parameter units
q)eff ' Ephot
Px, Py Pz Dist pz=FD_30C | phi_eff, eV
E_photon
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7.4.3uniformly filled ellipsoid
Definition and basic relations

f(xy. 2=

4mx Ly Lz

2 2
for X2+L2+ 22251
L« Ly L.
0 elsewhere

the projection onto the z-axis (eqiv. x- and y-gaigsan inverted parabola:

3 v
f(2)=4|| f 2 dxdy——| 1-— x L
(2 H (X %2 F4Lz{ Lzz} ||

with the following properties:

FWHM value FWHM = /2 Lz

rms value o =1z

G
Generator specifications
Dimension Key word Parameter Lx,y.: unit
Or O-X, VY,

temporat Dist_z = tuniform Lt or sig_clock ns
ellipsoid’

longitudinaf z Dist_z =uniform Lz orsig_z mm
ellipsoid’

transverse X Dist_z mniform Lx or sig_Xx mm
élipsoid’

transverse y Dist_z =niform Ly or sig_y mm
élipsoid’

L 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 distté@slion a circle. Thus a circular
charge distribution is generated. The cross sedfothe 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 catd the radius of the cathode can be
specified with the parameter R_cathode. For thtsoopgphoto emission is assumed,
hence the longitudinal starting position and tlaetstg time are modified according to
the cathode radius. All other parameters remaimamged.

References

[1] K. Floettmann ‘Note on the thermal emittance ofcelmns emitted by Cesium
Telluride photo cathodes’ TESLA-FEL Report 1997-01.
http://flash.desy.de/sites/site_vuvfel/content/dd0842/e839/e829/infoboxCont
ent830/fel1997-01.pdf

[2] D. Dowell, J. Schmerge ‘Quantum efficiency and mh&r 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 polynomigdassion as:

4 6

r> . r re. .

B.n=B - B+ _g- 5.
20 B0 T P e T2 2304
r . r® . r° .
Bn=-——B+—B-——B...
0= B g B TP

where B, is the longitudinal on-axis magnetic field and tpheme’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 tdadbe noisy and are hence
excluded. Since the expansion ends in both casesami odd order the condition
div B = 0 is fulfilled, while the conditiorrot B = 0 is only approximately fulfilled.

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

0.08B,

I:23rd = BZ

This quantity can be plotted witleldplot.

A cylindrical symmetric TM standing wave mode candxpanded as:

r’( . w’ .
E,m= Ezo_Z[EzJ’g Ezoﬂsm(wt)

E o= —% E +r1_‘:3[ E +C—a2) gﬂsin(wt)

r r*f . w? w
By =| 5 Beo _E( B+ EZOJ:I?COS(C(H)

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

I (. w’
B, = BZO—Z BZ+? B,, | |cos(wt)

r .o . w®
Bn=|-——B +—| B+— B ||cod wt
(1) 5 B, 16[ : T2 zﬂ 5( )

r r*f . w’ :
E,n= > B, —1—6( B, +? BZOH a)sm(a)t)
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In Astra the field expansion extends t& ®rder or is limited to the lorder if
C_higher_order( ) = FALSE; higher order terms téndbe 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 merihis case. Deviations from a

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

for TM modes andot B :E2 for TE modes.
C

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

The 3% order term contributes one percent to the trasgveltectric or magnetic field
component at a field expansion radRsg; given by:

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

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

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

Az with

dF
Fiy=Fi-n+
(i) (i-1) dz

d_F_ Fi+y—Fa-1
dz Zi+1)— 4 -1)
Az=zZi— Z -y

and

This procedure is iteratatdtimes wheren is defined by the user.

The procedure is soft, i.e. a large number of tk@na might be required. Than it
removes efficiently sharp, spiky structures intiflasverse components but leaves the
average behavior unchanged. Fig. 5 shows an exashfie transverse electric field
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from a particularly bad field table. After smootgiwith C_smooth( ) =100 all
spikes are removed without influence onto the ayeteehavior.

transversal electric field/radius

0

—-1000

Ex/x Ey/y MV/m?®

—2000
——

1 L L L 1 " " " . 1 s s 1 L 1

0 0.05 0.1 0.15 0.2

Z2m
Fig. 5 Example of the transverse electric field poments calculated with the
field expansion formulas from an inaccurate fieddlé. The numerical noise in
the original data (red, solid line) is removed Ihe tsmoothing procedure
(dashed, black line) without influence onto therage behavior.
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9. Appendix II: Representation of a travelling wavetiwp
standing waves

A field can be represented in complex form as:
V= A@xpi(w5+a+¢j
c
with:  A*=Ré+ Inf

Re . Im
cosa =—; Ssinag=—
A A

Re=E, B

Im=E, B
where E, and B, denote the electric and magnetic component ofdlkpart solution
and E and B the corresponding imaginary part of the soluti@spectively.
Assume for simplicity thap = 0. Particle couple to the real part of the fi&{d

V= AECo{a)Eﬂrj
= Aﬂso{wéj coa)- Al siEwa)Ezj sifw)

= Re[bo{wzj - InJ siEa)—Zj
C C

=E co{wzj— E sirEa)—Zj

Cc c

and =B, co{wzj— B srh(a)—zj
c c

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

z), _ [ Z
E. co{a)zj, B, sw{wcj

z T [z T
E.,co§ w—+—|; - sin w—+—
oofwle ] -g, sifol )
: z z
=-E, sm(a)gj; -B, Co{wzj
With the following identification both representais are identical:
E,=E; B,=B
E.=E;, B,=-B
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10. Appendix Ill: Rotation of Elements iAstra

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 pasitihen 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 pasitihen 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 pasitihen the element rotates from
positive X to positive y.
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Rotations are performed before transverse offsetadded.

The pivot point is in longitudinal direction defihdoy the center of the element, i.e.

the mean of start and end point. Note the speciak ©f dipoles as described in

section 6.13.

Rotations are performed in the following order:

1* rotation around the y-axis (angle ...xrot).

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 (angle ...zrot). Thelangzrot is defined with respect
to the rotated (...xort - ...yrot) element.

The units for the rotation angles are radians.
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