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Abstract

The stability of RF signal sources is quite important for accelerators which have to provide very high quality beams.
The RF sources for XFELs, for example, have to satisfy the integrated phase fluctuation less than several tens
femtoseconds. The SSB noises of RF reference signal dominate the short-term instabilities of the RF phase of the carrier
RF. This phase modulation finally results in the beam energy fluctuation. This presentation gives a quantitative
evaluation of the beam energy fluctuations in an electron linear accelerator caused by phase noises comparing a
theoretical analysis and experimental results: A simple model, which represents actual RF phase transmission in
transmission lines of an electron linac, was introduced to understand how phase noises result the relative phase
deference between a beam bunch and accelerating RF fields. In the experiments, we measured the enhanced beam

energy fluctuations by modulating the phase of the reference RF signals with an external signal.
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Figure 1: Simplified model of electron linac.
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Figure 2: Relative phase modulation caused by the
electrical path difference A4 which depends on the RF
frequency due to the dispersion of the transmission line.
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Figure 3: Phase modulation vector (blue) composed of
two rotating RF vectors wy+w,, and wy-w,,.
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Figure 4:Phase velocities of RF waves travelling in the B-
type accelerating structure used at the SPring-8 linac.
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Figure 5: Relative phase modulation amplitudes experienced
by a beam bunch are presented as functions of the distance
from the buncher when the initial modulation of 50kHz,
500kHz, and 2MHz is 1 degree. Assuming that the buncher
has no frequency response and the accelerating structure has
no dispersion. The growth of the relative phase modulation
is resulted by the dispersion of the RF transmission line.
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Figure 6: Relative phase modulation when the frequency
response of the buncher is taken account.
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Figure 7: Relative phase modulation when the phase
velocities in the accelerating structure is taken account.

4) RNUF v BIOEHE ORMEEBET 255

Figure 8 TlI, MEEFMEOHE, £ LT

F v B L ONEE OMABEE D BET 2R E DT

WIZ, FPINAREENL R W /N E L I TV D,
5.

Initial phase modulation amplitude = 1deg.

1 500kHz
1 2MHz

50kHz
100 200 300
Distance from buncher [m]

Phase modulation {deg.]

o
L

o

Figure 8: Relative phase modulation when the buncher
and the accelerating structure are taken account.
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Figure 9: Relative phase modulation along the SPring-8
linac when the initial modulation is 1 deg. in rms. The
solid circles are the simulated results and the solid
diamonds express the experimental values. M2, M10 etc.
are the names of the accelerator sections of the linac.
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Figure 10:Measured and simulated energy deviations at M2 and M16 caused by forced phase modulations. The
Energy fluctuations observed at M16 (downstream) are clearly larger than that observed at M2 (upstream).

- 835 -



