
the actual gradient k. Reducing the number of trapped
electrons permitted the application of a very large dc
voltage to the electrodes and, in turn, a measurement of
the vertical resonance frequency of those that remained.
Thus we were able to set a sensitive limit for the influence
of trapped electrons on the electric-field configuration as
well as a limit on the magnetic fields that they must also
produce.

F. Pulsed kicker magnet

Direct muon injection requires a pulsed kicker [20] to
place the muon bunch into the phase space acceptance of
the storage ring. The center of the circular orbit for muons
entering through the inflector channel is offset from that of
the storage ring and, left alone, muons would strike the
inflector exit after one revolution and be lost. A kick of
approximately 10 mrad (! 0:1 T "m) applied one quarter
of a betatron wavelength downstream of the inflector exit is
needed to place the injected bunch on an orbit concentric
with the ring center. The ideal kick would be applied
during the first revolution of the bunch and then turned
off before the bunch returns on its next pass.

The E821 kicker makes use of two parallel current
sheets with cross-overs at each end so that the current
runs in opposite directions in the two plates. The 80-mm
high kicker plates are 0.75-mm thick aluminum, electron-
beam welded to aluminum rails at the top and bottom,
which support the assembly and serve as rails for the 2-
kg NMR trolley. The entire assembly is 94-mm high and
1760-mm long. This plate-rail assembly is supported on
Macor insulators that are attached to Macor plates with
plastic hardware forming a rigid cage, which is placed
inside of the vacuum chamber. OPERA [21] calculations
indicated that aluminum would minimize the residual
eddy currents following the kicker pulse, and measure-
ments showed that the presence of this aluminum assembly
would have a negligible effect on the storage-ring precision
magnetic field.

The kicker is energized by an LCR pulse-forming net-
work (PFN), which consists of a single capacitor, resistor,
and the loop formed by the kicker plates. The capacitor is
charged by a resonant circuit and the current pulse is
created when the capacitor is shorted to ground at the firing
of a deuterium thyratron. The total inductance of the PFN
is L # 1:6 !H, which effectively limits both the peak
current and the minimum achievable pulse width. The
resistance is R # 11:9 ! and the capacitance is C #
10:1 nF. For the damped LCR circuit, the oscillation fre-
quency is fd # 1:08$ 106 Hz and the decay time is "d #
924 ns. The peak current is given by I0 # V0=%2#fdL&,
where V0 is the initial voltage on the capacitor. The result-
ing current pulse has a base width of !400 ns, which is
long compared to the 149 ns cyclotron period. Therefore,
the positive kick acts on the muon bunch in the first,
second, and third turns of the storage ring.

The kicker consists of three identical sections, each
driven by a separate PFN; this division keeps the induc-
tance of a single assembly at a reasonable value. In each
circuit, an initial voltage of !90 kV on the capacitor
results in a current-pulse amplitude of approximately
4200 A. Figure 10 shows the pulse from one of the net-
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FIG. 10. The trace is a sample kicker current pulse from one of
the three kicker circuits. The periodic pulses provide a schematic
representation of the unmodified muon bunch intensity during
the first few turns. The vertical axis is in arbitrary units.
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FIG. 11 (color online). The magnetic field produced mainly by
eddy currents on the kicker plates as measured by an optical
polarimeter with the crystal at %x; y& # %25 mm; 0& position. The
kicker is fired at 95 kV, producing 4200 A at the kicker plates.
The band shows the range of '0:1 ppm on integrated magnetic
field. The large filled circles correspond to simulations with
OPERA, which used the measured current pulse as the input.
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