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Abstract

A new beam diagnostic technique based on the Optical Diffraction Radiation Interference (ODRI) has been recently proposed and
experimentally investigated. The technique is based on the use of a two slits system. The far field approximation has shown rather
accurate correspondence with experimental data when slits are centered with respect to the beam propagation line. Using formulas
involving near field we point out in this work that a general treatment is needed with offset larger than 50 µm.
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1. Introduction

One of the most interesting tasks in high brightness accelerators is the optimization of fourth generation sources
of radiation, e.g. Free-Electron Lasers (FEL). At this regard, a precise knowledge of beam parameters, e.g. position,
transverse and longitudinal sizes, energy and it’s spread, is mandatory. Conventional diagnostics techniques do not
always satisfy these requirements. In particular, high brightness, high repetition rate electron beams demand non-
invasive, non-intercepting diagnostics for monitoring and measuring beam size in real time. For this reason the
techniques based on Diffraction Radiation (DR) [1, 2] were proposed and tested [3, 4], adopting a single-slit geometry.
In order to avoid some problems connected with this geometry, such as the impossibility to separate effects caused by
both beam size and beam offset within the slit, a two slits system was proposed [5] and experimentally tested. Since
in this system an additional slit is introduced, it becomes necessary to investigate effects caused by new parameters,
which appear due to the second slit. In this work we have studied the effects related to the shift of the slits centers
relative to each other.

2. Theory

Let us consider a system of two slits: the first one is placed perpendicular to the beam line, while the second
one is at 45◦ (Fig. 1). In order to calculate the distribution of DR on the second slit it is necessary to use near field
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Figure 1. Sketch of a two-slits system.

approximation for FDR from the first slit, which can be written in general form as [4]:
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d2 + (hx − x)2 + (hy − y)2, hx, hy are the coordinates on the slit, x, y are the coordinates on the screen, d is the
distance between the slit and screen, wsl is the width of the slit, h0y takes into account the shift of a slit relative to the
beam line, Ei

y(hx, hy) is the electromagnetic field of a i-particle, and EDR
y (x, y) is the DR amplitude. Both particle field

and DR amplitude have the index y since only vertical polarization is considered, according with the experimental
setup including a polarizer. Results from numerical calculations are shown in Fig. 2. At the distance of a second slit

Figure 2. Left plot is simulated FDR distribution at the second slit position
in the same cross-section. Right figure is cross-section of the two-slit
system by plane ”1” (see on the Fig.1, left).

location, FDR from the first slit represents two separated radiation fluxes from two half-planes of the slit. Indeed, in
a two-slit system we look at the interference between backward DR (BDR) from the second slit and reflected forward
DR (FDR) from a first one (Fig. 1). It means that depending on the system geometry we may lose some part of
radiation from the first slit.

In the experimental setup a lens was used. Therefore, as was shown in [4], the expression for DR from a half plane
in such system can be written as:

EDR
y (h1,Θy) =

iek
πγ

∫ ∞

−∞

∫ ∞

h1
dhydhx

hy√
h2

y + h2
x

K1

(
k
γ

√
h2

y + h2
x

)
e−ik(hy+h0y) tanΘy (1)

2



  

/ Nuclear Instruments and Methods B 00 (2013) 1–5 3

here γ is the relativistic factor, e is the electron charge, Θy is the direction of radiation spread, k is the wave vector, and
h1 is the impact parameter, which depends on the shift of a slit relative to both beam line and particle position inside
the bunch. Since we work with FDR reflected from the second slit, part of radiation just passes through into this slit
on the second screen. For each geometry we can find the angle of radiation, starting from which FDR is not reflected
(Fig. 2).

For the upper half plane the maximum angle, which has to be taken into account, is Θmax = arctan (h2 − h1)/d.
Here h2 is the impact parameter for upper half-planes of the second slits, h1 is the coordinate of the point on the first
slit, d is the distance between slits. In the same way we can find the maximum angle for lower half-plane. Than we
need cut-off all radiation which propagates from point with coordinate h1 in angle bigger than Θmax. It should be
underlined that after some angle the radiation will start to reflect again from the lower (or upper) half-plane of the
second slit, but in our work we do not consider so big angles.

In the paper [5] the research for the system with collinear slits was performed and it was shown that additional
slit in the system can dramatically change DR angular distribution. In paper [6] changes in DR angular distribution,
caused by shifting the slits were investigated. In both cases the far field approximation was used. Also it should be
underlined that in experiment the beam divergence was big, and it had to be taken into account. But integration over
all possible angles of incidence did not give us adequate agreement with the experiment. In simulations the divergence
is always fixed in two times higher than in experiment. We have derived the solution, which is in good agreement with
the experimental data. However, this solution is still under discussion, and we hope to dedicate separate paper to this
problem.

3. Calculus

Let us consider the system where the first slit gap is larger than the second one. We will compare experimental
results with numerical calculation without taking into account losses due to reflection [3]. First of all consider the
case when the slit are centered or the shift between them is small. Difference between two models is negligible. This
fact is easy to understand if to look at Fig. 2. The second slit has the size 0.5 mm, that means we lose radiation falling
into the area between 0.25 and -0.25 mm. The part of radiation, which falls in this region, is negligible. If we shift the
first slit for 300 µm, one of the half-planes of the first slit has impact the parameter even less than that for the second
slit. In this case we cannot neglect the losses inside the second slit. In Fig. 3 you can see the difference between two
approximations.

Figure 3. Simulated angular distributions of DR. Solid line
accords to far-field calculations, dashed line - near field.
The shift between the slits centers is 300 µm.

Figure 4. Simulated angular distributions of DR for the
system with equivalent slits. The shift between the slits
centers is 0 µm.
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4. Experimental results

Experiments were performed at the FLASH free-electron laser test facility at DESY (Hamburg). The beam energy
was 1 GeV, while the size of the first slit was 1 mm. Second slit center was placed at 2.5 cm and its size was 0.5 mm.

Experiments were performed for two cases. First one for the wavelength of DR 800 nm. Center of the second slit
were fixed in 65 µm from the electron beam trajectory. The first slit was movable in ”y” direction (see on the Fig. 2
right). Positive values of the shift correspond to the displacement in the direction of positive angles, and contrary
for negative values. Initial position of the first slit center was 35 µm (Fig. 5) and final position - 85 µm. For both
measurements beam size was 87 µm and divergence - 64 µrad. On the plots black curve accords to model where losses
because of reflection are not taken into account, and on the contrary for the red curve. The experimental data are given
by empty circles.

Figure 5. Angular distributions of DR for the case of
800nm wavelength. The shift between the slits centers 35
µm.

Figure 6. Angular distributions of the DR for the case of
800nm wavelength.The shift between the slits centers 100
µm.

In second experiments the wavelength of DR was 500 nm. The center of second slit was in 10 µm from the electron
beam trajectory. Initial position of the first slit center was 50 µm, while final position - 100 µm (Fig. 6). In this case
for both measurements the beam size was 46 µm and the divergence - 66 µrad.

5. Conclusion

We have shown that for the geometry of a two-slit system, used in experiments, the radiation losses can be negli-
gible. For such case we can apply far-field approximation with good accuracy. However, we also have shown that for
the big shifts (comparable with the size of a slit) between the slits centers, the radiation losses become important. For
the system where slits has the same size such effects could not be excluded at all, since significant part of radiation is
lost at the beginning.
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