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Abstract

The construction of the XFEL/SPring-8 accelerator is in progress toward a start of commissioning in 2010. The aim
of the low level RF and timing system of the accelerator is to distribute very high precision (less than 100 fs) RF
reference signals and trigger signals along a long distance over 700 m. We use optical fiber system for realizing these
precisions, because the optical fiber can transmit a faster signal with lower loss and higher time precision than these of
a signal transmission by using a copper cable. The main acceleration frequency of 5.7 GHz is used as a reference signal
frequency. To distribute the reference signal, we are going to use an optical comb which has the structure of a pulse
train with a 1 ps pulse width and a 175 ps (5.7 GHz) pulse spacing. The optical comb enables us to transmit a low noise
signal that ensure high precision timing, and to distribute not only a 5.7 GHz RF but also an optical trigger pulse
synchronized to an electron beam for experiments. To obtain the optical comb with the low noise, we have developed
an optical comb generator and a wavelength stabilized laser of 1538 nm. In the test of the generator and laser, the
maximum square root of the Allan variance of the laser was 8x10™"" between 0.5 and 2500 sec. We successfully
confirmed the requirement of less than 100 fs time resolution by transmitting a 5.7 GHz RF without increasing serious
noise by the optical comb. Meanwhile, concerning the trigger pulse distribution, a transmission of a pulse wave form by
using a laser and a photo diode is not so easy, since usual E/O and O/E converters using the diodes cannot handle DC
signal, because of a limited frequency band width. Therefore, we had an idea to use a Phase Shift Keying (PSK)
method to transmit the trigger pulse. This method is one of digital modulations, which can transmit data by changing
the phase of an RF signal, and does not use the DC signal. An experiment to transmit a trigger signal by the PSK
method using the E/O, O/E, and an optical fiber was carried out and we confirmed it works well with a low timing jitter
to be able to maintain the requirement.
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