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Abstract

When a high-current beam is accumulated in a storage ring, the restoring force of the coherent synchrotron oscillation
weakens as compared with that under lower currents. If the beam current exceeding a certain threshold, the static Robinson
instability occurs and the beam becomes unstable. We have conducted beam studies related to this instability at the PF 2.5
GeV storage ring, and presented the first report at the annual meeting of PASJ2019. In this paper, we present the results
of advanced beam studies including: (1) measurement of the coherent synchrotron oscillations by means of longitudinal
beam transfer function measurement, and (2) measurement of the beam signal at the moment of a beam dump due to the

static Robinson instability.
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Table 1: Principal Parameters of the PF Storage Ring under
(a) Measurement of Longitudinal BTFs, and (b) Measure-
ment of the Beam Signal at the Moment of a Beam Dump

Parameter (a) (b)

RF frequency (MHz) 500.106 501  500.113 005
Beam current (mA) 17 — 450 350 (fixed)
Cavity voltage (MV) 1.7 (fixed) 1.1-1.7
Radiation loss (keV/turn) 448 424
Bunches/ring 250 250
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Figure 1: Schematic views of (a) the I/Q detection of the beam signal, (b) the measurement of the longitudinal BTF, and
(¢) the measurement of the beam signal about the moment of a beam dump.
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Figure 2: (a) Amplitudes and (b) phases of longitudinal

beam transfer functions under several beam currents (17

mA, 250 mA, 450 mA) as functions of the phase modula-

tion frequency.
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Figure 3: Coherent synchrotron frequency as a function of
the average beam current. The circles show the peak fre-
quencies from the longitudinal BTF. The triangles show the
data [2] measured with a spectrum analyser. The error bars
indicate the 3 dB bandwidths of the peaks. The solid lines
show the calculation results from the quartic equation un-
der the parameters in Table | in Ref. [2].
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Figure 4: 1I/Q components of the beam signal when the

beam dump occurred. (a) The quadrature component, (b)

the in-phase component, and (c) the RF trip trigger. The

RF trip trigger was activated at ¢ = 0 sec.
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Figure 5: Amplitude and phase of the beam signal obtained
from the I/Q components in Fig. 4. (a) The amplitude of
the beam signal, (b) the phase of the beam signal, and (c)
the phase before the RF trip (the scale of the vertical axis
are expanded).
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Figure 6: (a) Measure phase (solid line), amplitude (dashed
line) of the beam signal, and (b) phase-shift acceleration
obtained by fitting results as functions of time. The error
bars show the standard deviations on fitting parameter. The
dashed horizontal line shows the calculated phase acceler-
ation a with Eq. (6) at 350 mA and the dashed-dotted line
shows that at 0 mA.
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