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Abstract

We performed a proof-of-principle test of a new monitor that real-timely measures the pitch of pico second length
bunch using a simple electrical circuit, at the NewSUBARU electron storage ring of the university of Hyogo. With a
signal from a usual button-type beam position electrodes, the monitor distinguishes the signals of the center-of-mass
motion and the pitch of a bunch using their phase difference. In the experiment, the pitch is produced by the conversion
of the center-of-mass motion to the pitch motion with the chromaticity and the synchrotron motion of a bunch. The result
was compared with the simulation and the measurement with a streak camera system and their results are consistent with

the pitch monitor.
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Figure 1: Pitch and yaw of bunch.
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Figure 2: Conversion of uniform motion of bunch to pitch
motion by chromaticity and energy oscillation. left: just
after kick, right: after half synchrotron period.

Table 1: NewSUBARU Ring Parameters

Energy 1 GeV
Momentum compaction factor (@) 1x1073
Energy spread (os) 0.04 %
Revolution Frequency 396 nsec
Vertical tune 222
Nominal vertical chromaticity (£ ) 5
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Figure 3: x(t)p(t) with slice-averaged position x(t)
and charge density p(t).“CM”: zero pitch, with the center
of mass position x.y,. “Pitch”: zero bunch center of mass
position, with pitch/yaw angle of xc)/co, where o, is
the bunch length.
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Figure 4: Simulated difference signal of button type BPM
for “CM” and “Pitch” shown in Fig. 2.
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Figure 6: Gain response of FIR filter.
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Figure 5: Bunch pitch/yaw monitor circuits. “A-B” in Fig.3 is produced with 180deg hybrid.
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Figure 7: Measured (left) and simulation data (right) with
several chromaticity (“£”) and fixed RF voltage (“VRF”).
In each plot, upper lines are pitch monitor signal and lower
lines are the center of mass data derived from another
BPM’s A-B signal, not the “CM” signal in Fig.5.
Horizontal full scale is 850 us, with kick at 0 us.

Table 2: Betatron Chromatic Phase for Fig. 7

RF Voltage Synchrotron = Bunch length Ay, (o),
(Vkr) tune (vy) (00) §=4
60 kV 0.0014 229 ps 128 deg.
130 kV 0.0023 144 ps 81 deg.
220 kV 0.0030 11.0 ps 61 deg.

Measurement Simulation
T2 £=4 Ve =60KV
. < Vgr =50kV . wn- VRF=
£
L o;
et
Vrr =130kV

. Vg = 108KV,

0 100 200 a0 s00 600 700 800
Time (1 5] Tim
- Ve =220KV
o VRF = 200kV., fo b
s
o 40

[un “que] vonisog

Figure 8: Same as Fig. 7, with fixed chromaticity and
different RF voltages.

Table 3: Betatron Chromatic Phase Shift for Fig. 8

Chromaticity Ay (07)
Ver =130kV 6 121 deg.
v, = 0.0023 i T
o, = 144 ps ' &
15 30 deg.
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Figure 9: Pitch measurement optics for streak camera.
Two ellipses are two slices of a bunch with different timing
and different vertical position.
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Figure 10: Bunch images taken by streak camera. Each
image is turn-by-turn bunch profile in vertical(“X”) and
pico second timing (“Y””) space.
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Figure 11: Pitch signal (top) and streak camera data (bottom, see Fig. 10).
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