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Abstract

Recently we have started a series of experiments
to develop non-invarsive electron beam diagonostics
based diffraction radiation at KEK-ATF.

First stage experiment is to investigate of Optical
Diffraction Radiation from a single slit.

A mesurement system has been installed at KEK-
ATF. To verify accuracy of the measurement system,
we measured angular distribution of well-known op-
tical transition radiation,which is close to diffraction
radiation’s nature. In this paper, we will show the
mesurement system and some preliminary results of
the OTR measurement.

1 INTRODUCTION

Extremely low emittance and high current electron
beam is one of vital characteristics for linear collid-
ers and X-ray FEL’s. Parallel developments of non-
invasive beam diagnostics are strongly required for re-
alizing such beams. Detection of Optical Diffraction
Radiation(ODR), because of non-destructive nature, is
the most promising technique for application to non-
invasive beam diagnostics, however, a very little ex-
perimental investigations existed[1][2]. These experi-
ments are the mesurement of electron bunch form us-
ing coherent diffraction radiation in millimeter and sub
millimeter wavelength regions.

A series of experiments on ODR using low emit-
tance electron beam extracted from the KEK-
ATF (Accelerator Test Facility for Linear Colliders)[3]
damping ring has been performed. Experiments aimed
for investigating general characteristics of the optical
diffraction radiation and establishing a scheme of mea-
surement of the optical diffraction radiation for ap-
plications to a new non-invasive beam diagnostics in
more realistic accelerator environments. Final goal is
to measure transverse beam size of high intensity, low
emittance beam like linear colliders and X-ray FEL’s.

First stage of experiments is to investigate ODR
from a single edge. For detailed ODR investigation,
we constructed a measurement system and measured
Optical Transition Radiation(OTR), whose character-
istics are well-known and close to ODR’s nature, in
order to verify the performance of the mesurement sys-
tem.

2 ODR AND OTR CHARACTERISTICS

ODR is emitted when a charged particle passes
throuh the vicinity of the optical discontinuities, if
the distance to optical discontinuities h(impact param-
etar) satisfies a condition

YA
h < o (1)
where v is Lorentz factor and X is ODR wavelength.

There are two radiation direction. One is along the
direction of particle velocity (foward radiation) , the
other is along the direction of specular reflection (back-
ward radiation).

When a particle passes throuh the vicinity of semi-
infinite plane at 45° incident angle, backward radia-
tion is detected at 90 ° angle from the particle trajec-
try.

In relativistic electron case, angular distribution of
ODR is given by,[4][5][6]

72 4262
Y2+ 02+ 93)2
(2)
where « is fine-structure constant, w. = v3/2a(h =
m = ¢ = 1) and the angle 6y, 6, are shown in Fig.1
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Figure 1: Geometry of DR near semi-infinite target

On the other hand, OTR is emitted when a charged
particle crosses the boundary between two media with
different dielectric constants. There will be OTR
foward radiation and backward radiation like ODR.

In relativistic electron case, angular distribution of
OTR is given by,[7]
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where 0% = 62 +0§ is the angle between the observa-
tion direction and the direction of specular reflection.
From Eq.3, there is maximum at 0pax = 1/ and sym-
metric distribution for azimuthal direction around ra-
diation axis.

3 EXPERIMENTAL SETUP

The ODR and OTR measurement system has been
installed at extraction line of KEK-ATF. KEK-ATF
provides a 1.28GeV(y ~ 2500) single bunch electron
beam with low emittance extracted from the damp-
ing ring. The setup is shown in Fig.2. The measure-
ment system is composed of alignment laser system,
two screen monitor, ODR target chamber, rotatable
mirror, slit, photo-multiplier tube(PMT) and ~-ray de-
tector.
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Figure 2: experimental setup

A detail of the ODR target chamber is shown in
Fig.3. The target holder is mounted at 45 ° from beam
line in the target chamber and actuated by a pulse
motor stage. The target position can be read by using
a linear gauge. The accuracy of position reading is
5um. In ODR experiment, we can controll impact
parameter by the pulse motor with this accuracy.

Two targets are set in the target holder(Fig.4). One
of them is ODR single edge target, which is 100um
aluminium target. The roughness of ODR target is
less than Ra= 0.3pum. Another one is OTR target,
which is 200um thick aluminium plate. OTR target is
turned off by diamond turning tool. The roughness is
almost same as the ODR target.

Backward OTR light goes down and reflected by
a two-axis rotatable mirror. The two axis rotatable
mirror are rotated by micromotor head actuators con-
trolled by PC which is placed outside of tunnel. The
rotatable mirror and light detector are placed at the
distances 0.97m and 1.35m from the target. Since an-
gle resolution of the rotatable mirror is ~ 35urad, the
resolution of OTR angular distribution is less than
10purad.

PMT is used as a light detector. A slit,which can be
changed horizontal and vertical width independently,
is located in front of PMT.

linear gauge

ol

ODR gt 1004m)
©,
o 200um)
= I

Figure 4: target holder
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Figure 3: detail of ODR
chamber (side view)

The measurement system was aligned using a laser.
Optical system is composed of a He-Ne laser, a spa-
tial filter and focusing lens(f=100mm). These com-
pornents are on one optical base. And the base can
be adjusted both of position and direction each hori-
zontal and vertical using micrometers and adjustable
screws. The laser light is lead into beam pipe by the
mirror chamber.

An alignment method is following. First, the
electron beam and the alighnment laser position is
mesured using two screen monitors placed upstream
and downstream of ODR target chamber. Laser light
position on the two screens are adjusted into electron
beam position by using laser stand screws. After in-
serting targets, the rotatable mirror, the slit and the
PMT are aligned using reflected laser light from the
target.

A lead convertor and air cherenkov light detector
are used for measureing ~-ray scatterd from targets.

4 EXPERIMENTAL RESULTS

The optical alignment was performed at first. The
beam positions at the two screen monitors were
recorded by capturing th ebeam profile image in ad-
vance. In order to determine beam axis on ODR, OTR
targets, focused laser light created by optical align-
ment system was introduced into the beam chamber
from the upstream mirror chamber. Laser light posi-
tions on the screens were tried to adjust into recorded
beam position by positioning of optical alignment sys-
tem. In this experiment, laser beam was adjusted
within a few mm accuracy. The reason of this insuf-
ficient accuracy was coming from small mirror accep-
tance of the mirror chamber. It will be improved in the
next experiment. During this optical detector align-
ment using reflected laser beam at the target, we found
a surface deformation on the ODR target. Therefore
only the OTR target was used for the alignment and
the beam experiment.

Tn the beam experiment, the impact parameter h
is the key parameter for the ODR measurement. In
order to determine the target edge position precisely,



scatterd ~-ray intensity was measured as a function
of the target position, shown in Fig.5. A differenci-
ated distribution of this plot will determine the beam
profile and the beam center position. Though several
scans were examined, the accuracy of the beam cen-
ter position was not enough for the ODR experiment.
The accuracy of the target position reading(5um) will
be improved to 0.5um in the next measurement.
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Figure 5: ODR target position dipendence of 7-ray
yield

For the evaluation of the measurement system per-
formance, OTR light angular distribution was mea-
sured and compared with theoretical distribution. The
beam was operated in single bunch, 1.28GeV energy,
1.56Hz repitition extraction with 5 x 10? electrons in-
tensity. the beam size at the target was estimated to
~ 80pum horizontal and ~ 8um vertical. The slit width
in front of the PMT was set to 500um for both horizon-
tal and vertical. The 1100V HV voltage of the PMT
was applied. The single from the PMT was converted
by charge sensitive ADC with 200ns gate integration.
Two dimensional angular distribution of OTR is shown
in Fig.6. The step size of this scan was 0.1 mrad, and
scaning range were £2mrad. The overall distribution
is shown in Fig.6(a), and zoomed view of +0.8mrad
in Fig.6(b). The distribution was not symmetric. In
order to compare the angle between two maxima, 0,
cut view is shown in Fig.8 and 6, cut view in Fig.7.
The mesured opening angle of the two maxima was
around 0.6mrad, on the other hand, theoretical angle
Omax = 1/ = 1/2500 = 0.4mrad. The discrepancies
of asymetric distribution and opening angle seems to
be coming from the surface deformation of the tar-
get, alignment error of the optical axis and accuracy
of light detection system.

5 SUMMARY

We have performed a series of ODR experiment.
First purpose is to investigate ODR light from single
edge. We measured well-known OTR angular distri-
bution to verify our mesurement system.

OTR angular distribution was measured,but de-
formed. The conciderable reasons of these problems

Figure 6: 2D angular distribution of OTR.(a)all re-
gion (vertical angle;—2.0mrad < 6, < 2.0mrad, hor-
izontal angle;—1.0mrad < 6, < 1.0mrad), (b)zoom
view (—0.42mrad < 6, < 0.64mrad, —0.8mrad < 0, <
0.8mrad)
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are deformation of targets , alignment error of optical
axis and accuracy of light detection system. They will
be investigated in a few month.

Once established performance of the system, the
yield, the angular distribution, and the spectral dis-
tribution of ODR as a function of the target position
will be measured.
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