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Comprehensive determination of the coherence

of synchrotron radiation in soft X-ray region
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1. Introduction

The coherence is one of the most important property for the opitics. We need to
treat a photon as a wave when we study the monochromator, the interferometer and
so on, which are related to the coherence. The aim of our experiment is to
measure the first order spatial coherence of the synchrotron radiation by the
Young' s interferometer and estimate the emittance of the light beam. The photon
energy that we have used is in the soft X-ray region, from about 100 eV to 180
eV . The intensity interferometer to measure the second order coherence has also
been constructed. The first order spatial coherence reflects the geometrical
property of the light source. On the order hand the second order coherence gives
the information of the photon statistic. Therefore it is possible to know
whether the synchrotron radiation is the coherent light like a laser or the

chaotic light like a thermal radiation.

2. Construction of the interferometers

Ve constructed a new system of the Young' s interferometer. The light from the
beamline enters the double slit. Each slit has Sun of width and 100z m of
height. ¥e can put three of the five slits, whose separation length D are 30,50,
100, 150 and 200 m, into the vacuum chamber and exchange these slits without
breaking the vacuum. These double slits are also used as an entrance slit of the
monochromater. After going throuth the double slit, the light is reflected by
the spherical grating and enters the exit slit which has also 5um of width and
100 u m of height. Just behind the exit slit a photomultiplier detector is
located. The exit slit and the photomultiplier can be scanned horizontally. The
maximum scan range is 8 mm. By changing the incident and exit angle for the
grating and the entrance length, the wavelength is selected. This interferometer
can be rotated around the optical axis preserving high vacuum with the
differentially pumped rotary feedthrouth(DRPF). V¥e can easily measure the
spatial coherence for an arbitrary orientation by this mechanisnm.

The intensity interferometer which is under construstion has a similar
outlook to the Young's interferometer.This also contains the monoshromator and
has the DRPF system. To measure the intensity correlation, the beam splitter and
two MCP detectors are installed. The Fraunhofer slit is located at the upper
stream in order to change the spatial coherence. Since the electron beam forms
the bunch structure, the synchrotron radiation is observed as the pulses,
causing the large trivial correlation which interferes the measurement of the
real correlation. To get rid of this effect we have designed the special high

frequency circuits.



3. Visibility and emittance

It is known that the emittance of the vertical direction of the electron beam in
the storage is much smaller than that of the horizontal direction. Their ratio
is about only 2 % in the PF ring. If the electron beam emittance of the vertical
direction is as same as the diffraction limit of the light and that of
horizontal direction is much larger than the diffraction limit, we can regard
the light of the vertical direction is nearly spatially coherent and that of the
horizontal direction is nearly spatially coherent and that of the horizontal
direction is almost spatially incoherent. We can investigate the degree of

coherence by measuring the visibility(~first order spatial coherence)of the

interference pattern. In the linear and the.Gaussian pproximation, the

relationship between the visibility V and the slit separationD is written as

— - & 2 2
V = exp - D ) (1)
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where € is the total photon emittance and(e, = 7%; )Jis the emittance of the
diffraction limited light. ¥ is the beam size on the double slit. By using Eq.

(1) we can calculate the emittance of the light which is the convolution of
the electron beam and the diffraction limited light. The discrepancy between the
Gaussian approximation and the exact calculation of the coherence is also
estimated numerically. We concluded that the Gaussian approximation is valid at
the beam line where the electron beam divergence is much smaller than of a

single photon.

4. Results and discussion

¥e have measured the interference patterns at BL-28A(a helical undulator)and BL-
12A(a bending magnet)at the Photon Factory, KEK. The great differences of the
visibilities for the vertical and the horizontal direction are observed which
come from the electron beam property. ¥e also verified that the visibility is
lower as the photon energy becomes higher, because & , for the higher energy
photon is smaller. We have also measured the interference pattern for the direct
bean from the undulator and estimate the temporai coherence, which is consistent
with the theory. To measure the beam size we have constructed a new beam size
monitor(one dimensional wire scan monitor).It can be attached to the Young's
interferometer and both the beam size and the visiblity can be measured by the
apparatus. The estimated emittance at BL-28A is consistent for the vertical
direction and is large for the horizontal direction because the bending magnet
radiation enlarges the beam size in this direction. The measurement of the
second order coherence will be performed in 1997 and 1998 at the Photon Factory.

It is supposed that the synchrotron radiation from the PF ring is chaotic but



never verified. This will be clear with our new intensity interferometer. In
future the experiment at ATF ring is also planned. ATF ring is an extremely low

emittance ring and the coherent light might be observed.
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