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Abstract

We consider a mathematical model and computer simula-
tion results describing the interferometry of both diffraction
and transition radiation to develop an electron bunch train
structure diagnostic method. The results of the autocorrela-
tion function simulation indicate a possibility of diagnosing
the bunch number in the train as well as spacing between
them in case of using narrowband or broadband detectors.
The suggested method will allow rejecting spectrum recon-
struction in favor of extracting information directly from the
autocorrelation function.

INTRODUCTION

Nowadays, free electron lasers and new facilities that are
capable of generating sequences of short electron bunches
with a high (THz) repetition rate have widely developed [1].
The existing diagnostic methods for such sequences have
limitations or are not applicable. Therefore, it is impor-
tant to develop new approaches to diagnose the temporal
structure of such sequences (trains) in modern accelerators.
In this report, we describe a model of coherent radiation
interferometry. Based on the analysis of interferometer au-
tocorrelation function (ACF), we can derive the information
about temporal structure of the trains.

MODEL DESCRIPTION

In this section, we describe the mathematical model for
the ACF simulation underlying the proposed approach. In
general case, the intensity of radiation produced by the train
registered by the detector after passing through the interfer-
ometer is determined by the following expressions:
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where v is the radiation frequency, c is the speed of light in
vacuum, {vy, v, } is the detector sensitivity range, N is the
electron number in the train, c is the speed of light, 53_01“;2
is the spectral-angular distribution of radiation from one

electron, F(v) is the form-factor of a uniform electron bunch
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train, S(v) is the detector sensitivity function, M (v) is the
interference multiplier, T(v) is the multiplier responsible
for transmission properties of the vacuum chamber window,
V(v) is the multiplier responsible for radiation propagation
medium and splitter material in the interferometer, P(v) is
the multiplier responsible for the polarizer characteristics.
In [2—-4] you can find more information on how to calculate
the bunch form-factor. As seen, the model takes into account
the train structure parameters and the detector characteristics.
The mechanisms of transition radiation (TR) and diffraction
radiation (DR) are selected as the radiation source. Note
that TR mechanism is invasive and DR one is noninvasive.
The geometries of TR and DR generation are illustrated in
Fig. 1. However, other type of radiation could be selected
as a source (e.g., synchrotron or Cerenkov radiation).

e train

Figure 1: The schematic interaction geometries of the train
with the target in cases of TR (a) and DR (b).

In these geometries, only the horizontal component of
the radiation polarization is mainly present. It means that
2w W,
dvdQ ~ dvdq-

SIMULATION

The simulation of the TR and DR spectra from single
electron, illustrated in Fig. 2, was carried out based on the
program written on the Wolfram Language code [5], de-
veloped earlier [6]. For numerical integration, the default
method and the Monte Carlo method [7] was used'. In the
simulation, the target is flat and has a finite size to be ac-
ceptable for use in the accelerator path. The 6 is the angle
between the normal vector and the particle trajectory. The
center of the TR target is located at the coordinate system
center. The DR target edge is located at the distance equal to

! {Automatic, "SymbolicProcessing"->False} and {"MonteCarlo",
"MaxPoints"-> 108, Method->{"MonteCarloRule", "AxisSelector"-
>Random, "Points"->5 * 106}, "SymbolicProcessing"->False }
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the impact parameter from the system coordinate center. For
a given value of the impact parameter (which > 307), we can
speak of the non-perturbing nature of the interaction of the
0.1-mm transverse size bunch (or less) with the DR target.
As the first step, the simulation was carried out for a simple
case, the details of which are listed in Table 1. The simula-
tion was conducted for the Michelson interferometer with
interference multiplier equals to M (v) = |1 + e /27Al/ ”|2,
where Al = 2d is the optical path difference and d is the
interferometer movable mirror displacement. M (v) is il-
lustrated in Fig. 3. The F(v) and S(v) model components
are presented in Fig. 4 with narrowband detector (ND) and
broadband detector (BD). Note that the wide variety of THz
detectors [8] are currently available.

Table 1: The Simulation Parameters

Target type Perfect conductor
Target size 50 mm X 50 mm
Distance target center to detector, L S5m
Impact parameter (for DR only), & 0.5 mm
Spectral frequency range simulation 0.01-1.5THz
Tilt angle of target (DR, TR), 6y 45°,46.5°
Energy of electrons, E, 10 MeV
Longitudinal bunch size, o, 0.15ps
Bunch transverse dimensions, o, oy, 0.1 mm
Charge distribution in the train Uniform
Charge distribution of bunches Gaussian
Number of bunches in the train, m 2-10
Train population, N 1000
Bunch spacing, I (BD, ND) 1-7ps, 9-15ps
BD sensitivity range 0.1-1.4THz
ND sensitivity range 0.5-0.7THz
V(v), T(v), P(v) 1
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Figure 2: Spectral distributions of TR and DR.
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RESULTS AND DISCUSSION

Simulation results for DR are presented in Fig. 5 and 6.
Some outliers are due to numerical calculations. In general
terms, the ACF represents the intensity dependence from
Al with the packet’s set of oscillations. As can be seen, the
packet’s number connected the bunch number by the relation
m = (k +1)/2, where k is the number of oscillation packets
in the ACF (see Fig. 5). There is the clear difference between
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Figure 3: The examples of interference multiplier for differ-
ent frequencies.
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Figure 4: Form-factors of electron trains for two bunch
spacing (both TR and DR cases are coincides) and detector
sensitivity ranges for both ND and BD cases.

the ACF in case of ND and BD. With BD, we can distinguish
the shorter bunch spacing in the train. It is important to have
at least two peaks in the detector sensitivity range in order
to get the clear packet structure. In Table 2 the comparison
of [ and estimated /., is presented, where /., is the average
value of distance between peaks of ACF envelope curve (see
Fig. 6). For TR case, the all findings will be the same.

Table 2: The Estimation of Spacing (in ps) for Fig. 6

ND ! 9 10 11 12 13 14 15
less 8.7 10.6 10.8 123 12.8 14.4 14.7

BD ! 1 2 3 4 5 6 7

1.0 20 3.0 40 50 6.0 7.0

lest

CONCLUSION

We have demonstrated the technique for measuring the mi-
crobunches separation in a microbunch system by virtue of
the coherent TR and DR autocorrelation function simulation.
The obtained results are limited by the finite bandwidth of
the detector. Thereby, the time delay between microbunches
can be determined via measuring of autocorrelation curve
employing a detector with an appropriate frequency range.
The detection system with the broadband frequency response
range allows for the measurement of a short time delay be-
tween microbunches. The technique proposed does not de-
pendent on the microbunch train production method and is
applicable to any number of microbunches. This technique
shows that the usage of coherent diffraction radiation allows
to control the time delay between microbunches without
destruction of the electron beam.

Control and diagnostic systems
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Figure 5: The DR spectra (a, c rows) and autocorrelation function (b, d rows) evolution in depends on increasing bunch
number in train for both ND (a, b rows) and BD (c, d rows) case. The red line is the envelope curve.
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Figure 6: The same caption as on Fig. 5 but in depends on bunch spacing with fixed bunch number.
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