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Abstract

QUINDI has been developed to address the numerical
challenge of calculating the radiation spectrafrom electron
bunchesin bending magnet systems. Since theintroduction
of QUINDI, many improvements and features have been
added. QUINDI now supports a 3D model for bending
magnets which includes fringing fields. A more modular
approach has been achieved which alows better interop-
erability with other tracking and radiation codes. There
have been many updates to the electric field calculation
and spectrum processing, as well as to the post-processor,
SpecGUI.

INTRODUCTION

While many previous codes support self-interaction by
radiation between particles, few codes can accurately
model what is seen by a detector in an actual experiment.
QUINDI addresses this problem by simulating a detector
or windowed port in an experimental setup. The observed
fields are then Fourier transformed and integrated over the
detector to produce the frequency spectrum.

The general flow of processesinvolvesthree major steps:
trajectory calculation, electric field calculation, and spec-
trum calculation. The trgjectory can be calculated using
either a 1-, 2-, or 3-dimensional model for the magnets,
with higher dimensionality usually yielding better results
at the cost of extra processing time. Each particle’s tra-
jectory isthen inserted into the Lienard-Wiechert potential
formulato calculate the observed electric field at the point
of observation for each integration step. The final step, the
spectrum calculation, is a Fourier transform from the time
domain into the frequency domain, which is recorded for
each spot on the detector. The QUINDI post-processor,
SpecGUI, is then used to display and manipulate the data.
A more detailed description of the tracking, electric field
calculations, spectrum cal culations, and post-processing is
presented in Ref.[1]. This paper only deals with the modi-
fications and updates made to the code since PACO?7.

QUINDI was originally developed to simulate the
ATF compressor experiment at Brookhaven National
Laboratory[2]. Sinceit’s introduction, QUINDI has gained
many new features which increase the usefulness in mod-
eling physical systems and extends the range of possible
applications.
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MODULARITY

QUINDI has been designed to be as modular as pos-
sible. The tracking and field calculations have now been
completely separated: it is possible to have QUINDI only
perform tracking or only perform field calculations, in ad-
dition to being able to perform both tasks sequentially in a
single run. Depending on the situation, it can be useful to
run the particle tracking in acode such as TREDI[ 3], which
isaself-consistent tracking code, and then perform only the
electric field and spectrum calculations with QUINDI.

Previously, QUINDI was limited to only recording the
trajectory of the first particle, but now it is possible to run
QUINDI and record the entire tragjectory for all particles.
This feature allows the user, at alater time, to use that out-
put file as the trgjectory for field and spectrum calculation
with anew set of parameters. Thisapproach allowsthe user
to run the tracking asingle time, while providing the ability
to run the spectrum cal cul ation many times with adifferent
maximum frequency and frequency cuts.

QUINDI is now capable of producing its own tracking,
importing the tracking from a prior TREDI run, or import-
ing the tracking from a prior QUINDI run. These options
have been added to the main inpuit file.

UPDATESTO TRACKING

Originally, QUINDI only had the option to model the
tracking 1- or 2-dimensionally. In these cases, the trans-
verse momentumwhich is outside of the bending planewas
constant, giving the particle a transverse drift that could
not be altered by the unidirectional magnetic field. The
2D case does have a fringing field, however, it isasimple
linear drop-off in strength, and still, only the primary mag-
netic field direction is taken into account. Realistic fring-
ing fields will also have alongitudinal component, which
can affect the transverse momentum which is outside of the
bending plane. QUINDI is now capable of modeling this
3-dimensional fringing field. This effect results in a slight
rotation of the bunch as it propagates through the magnets,
causing the transverse phase spaces to appear dightly dif-
ferent between the 2D and 3D cases, as shown in Figure
1

QUINDI uses a coordinate system where z- isthe main
direction of propagation, y- istransversebut liesin the pre-
dominant bending plane, and z- is the predominant direc-
tion of the magnetic field. The 3D case adds two parame-
tersto the magnetic lattice input file describing the x-offset
of the magnet and the gap between the magnet faces. The
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Figure 1: Comparison of 2D vs. 3D tracking. Shown here
isthefinal transverse phasespace, thered circles are the 2D
case, the blue dots are the 3D case. The slight rotation of
the phase space is due to the fringing fields.

x-offset is the shift in the x-direction of the midpoint be-
tween the two magnetic faces. The gap, which is the dis-
tance between the two faces, is additionally used as the
length of the fringing field. For the 3D case, these param-
eters are used to develop a polyhedron with 6 trapezoidal

sides, with each face being described by it's normal vector.

By comparing these normal vectors to the position vectors
of the particle, we can determine whereinside or outside of

the magnetic polyhedron the particle lies, and ultimately,

which magnetic fields affect it at that position. Inthe 1- and
2-dimensional cases, the magnetic field is only modeled in
the z-direction, whilein the 3D case, the z-component still

falls off linearly as before, but now certain locations inside
of the fringe field can give rise to a magnetic component
in the longitudinal or z-direction. The strength of this z-
component is found by inserting the 2-component formula
into Maxwell’s equation, V x B = 0, to obtain the rela
tionship B, = —% - Az, where By is the strength of the
magnet, g isthe gap between the plates, and Ax is the par-
ticle’'s z-direction deviation from the midpoint between the
plates.

Additionally, QUINDI can now perform afull trgjectory
dump to the HDF5[4] output file. Thisis an essential set-
ting if the user plans on using the trajectory for field cal-
culations at alater time. Full trajectory recording comes at
the expense of approximately 1 gigabyte of data per 25000
particles using this HDF5 format. A setting has been added
to the main input file to toggle this option.

UPDATESTO ELECTRIC FIELD

Previously, QUINDI utilized only the acceleration field
of the Lienard-Wiechert potential[5]. Now, the electric
field calculation includes the velocity field portion, so the
new formulabeing used is

E(r) = —
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where 7i is the unit vector and points from the particle's
position along the trajectory to the detector point, R isthe
distance, and 7 = t + £. ¢ isthe laboratory time, c is the
speed of light, e~ is the charge of tbe electron, and ¢ is

the permittivity of free space. ﬁ and § arethe particle'sve-
locity and accel eration, respectively, and v is the particle’s
Lorentz factor. The addition of the velocity field can have
an impact on the resulting spectrum, as the velocity field
has stronger near-field effects, while the acceleration field
has stronger radiative effects.

A pair of optional parameters has been added to the main
input file, which allows you to restrict the field calculation
to alimited region of space. These parameters, measuredin
meters and referring to z-position, cause the fields outside
of the range to be set to zero. This allows the electric field
calculation to ignore certain parts of the trgjectory so the
calculated spectrum has less uninteresting noise. This pro-
cess is somewhat analogous to having a limited size win-
dow that only allows certain regions of the beam trajectory
to influence what is seen on the detector.

Optimizations have been made to the memory handling
abilities of QUINDI, allowing the user to specify finer de-
tector meshing before experiencing memory issues.
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UPDATESTO SPECTRUM

Users of QUINDI requested a way to gather more spec-
trum information at lower frequencies than at higher fre-
guencies which avoids having to merely increase the to-
tal number of frequency samples. A setting to adjust the
scaling was added to the main input file, and it can either
be set to produce a linear sampling or a logarithmic sam-
pling. Linear sampling refersto the old standard method of
dividing the frequency in equally spaced dlices. Logarith-
mic sampling meansthat there are more frequency slices at
the lower end of the spectrum, and each subsequent dlice
is larger than the previous. This alows the user to gain
more useful information about the lower frequencies than
the higher frequencies, without increasing the run duration.
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Figure 2: Spectrum comparing linear and log scaling. The

frequency axisis displayed logarithmically to highlight the
advantage of the log scaling setting.
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As seen in Figure 2, the logarithmically sampled spec-
trum revealsmore fine structure at low frequenciesthan the
linearly sampled spectrum. Both graphs contain the exact
same number of frequency samples and had identical run
durations.

UPDATESTO SPECGUI

SpecGUI, the Matlab-based QUINDI post-processor,
has undergone amajor code overhaul. The software should
run faster in general, as it has been completely rewritten
and is now more optimized.

SpecGUI: the QUINDI HDF5 post-processor
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Figure 3: New version of SpecGUI, showing indicatorsand
normalizer function enabled.

SpecGUI now displays helpful run information on the
front panel, including particle count, number of frequency
slices, number of gridpoints, tracking stepsize, and run du-
ration. This information is useful when comparing runs,
and precludes the need to manually look up these major
values in the HDF5 output file.

A normalizer function has been added which allows the
user to apply a mask or filter to the frequency spectrum.
This can be useful if the user has an experimental setup
with a known absorption involved. For instance, if the ex-
periment has a certain gasin the transport with aknown ab-
sorption spectrum, the normalizer can multiply this against
the calculated spectrum to better match the experimental
results. The selected graph need not match up in maximum
frequency or in the spacing of the samples; SpecGUI will
interpolate the normalizer graph to the same scale asthein-
tegrated spectrum, and it will pad any unknown frequencies
with zeroes.

NEW BENCHMARKS

In the original QUINDI paper, QUINDI was bench-
marked against the ATF experiment at Brookhaven Na-
tional Laboratories. Since then, a new paper on this ex-
periment was published in Physical Review Specia Top-
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ics - Accelerators and Beamg[6]. An updated version of
QUINDI was tested against the new experimental ATF re-
sults, a comparison of whichis shown in Figure 4.
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Figure 4: Comparison of experimental results with

QUINDI simulation resultg[6].

Because the exact phase space of the electron bunch is
unknown in the experiment, small modificationsto the sim-
ulated input beam can adjust the output from QUINDI.
With a small added energy spread to the input beam, the
computed results from QUINDI match up nicely with the
new experimental measurements.

OUTLOOK

There are additions we would like to make to QUINDI.
We would like the ability to model other types of mag-
nets, including quadrupoles and sextupoles, as well as
have the ability to rotate the magnets in al axes of space.
Second, there have been requests to add static and time-
dependent external electric fields as possible beamline el-
ements. Users have requested a way to get the beam to
stop, such asin a material, so the radiation can be calcu-
lated in these types of situations. Finally, we would like to
be ableto calculate theincoherent part of the emission with
shot noise canceling in order to achieve the correct power
at higher frequencies.
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