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Abstract

Ceramic breaks are used in synchrotrons for many pur-
poses. For example, they are inserted between the Multi-
Wire Profile Monitor (MWPM) on the injection line at the
Rapid Cycling Synchrotron (RCS) in J-PARC to completely
prevent the wall currents accompanying beams from affect-
ing the MWPM. On the other hand, from the viewpoint of
suppressing beam impedances and the radiation fields from
the ceramic breaks, it would be preferable that the inner
surface of the ceramic break is coated with Titanium Nitride
(TiN), or covered over capacitors. In this report, we measure
the radiation fields from the ceramic break with and without
capacitors as well as the beam profile and investigate the
effect of the ceramic breaks on the measurements.

INTRODUCTION

The RCS in J-PARC [1] has been realizing the high-
intensity beams [2—4] by accumulating H™ injection beams
from the LINAC. During the injection painting process [5],
the H™ beams are transformed into the proton beams after be-
ing hit on the foil at the injection point. When two bunched
beams, each containing 4.15 x 10'3 particles per bunch, are
accelerated from 400 MeV to 3 GeV at a repetition rate of
25 Hz, a 1 MW beam can be performed at the RCS.

Precise adjustment of the injection beams on the phase
space area during the painting process is important to realize
the high intensity beams with low beam loss rate. Hence,
seven MWPMs [6] are installed, where MWPM1 is on the
injection line to the RCS, MWPM2-5 are on the merging
area in the RCS, and MWPM6-7 are on the dump line to mea-
sure the unstripped H™ beams. Based on the design concept
of RCS, MWPMI1 is sandwiched by two ceramic breaks to
completely prevent the wall currents with H™ beams from in-
terfering with the measurements with MWPM1 (see Fig. 1).

On the other hand, suppressing beam coupling
impedances [7, 8] is a critical issue to accomplish high
intensity beams. Since the impedance of ceramic breaks
is closely related to the radiations from the ceramic
break [9-13], covering capacitors on the ceramic breaks
is an effective way to suppress both the impedance and
radiations from the ceramic breaks. Therefore, it is
important to directly measure the radiations from several
types of ceramic break, and investigate the effects of
ceramic breaks on the monitors.

The MWPMI1 and the ceramic breaks next to it are good
tools because the residual dose around there is kept below
at most ten micro-sievert per hour even after 4 hours of
830 kW beam operation stop of the RCS. In this report, we
measure the radiations from 15 mm long ceramic break with
101 mm inner and 111 mm outer radii beside MWPMI1 by
which the transverse beam profile is measured under several
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Ceramic break on downstream side .
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ground plates

Figure 1: MWPMI1 and the ceramic breaks without (left)
and with capacitors (right).
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Figure 2: Signals if the ceramic break is covered by capaci-
tors (left), or by Al with (center) and without beams (right).

conditions, after test-measuring the magnetic field in the
electromagnetic anechoic chamber in JAXA [14].

MEASUREMENTS OF THE TRANSVERSE
BEAM PROFILE

MWPMI consisting of 27 wires measures the transverse
beam profile in u and v axes, which are tilted 45° from the
horizontal and vertical axes. Each wire moves 0.1 mm/s
filling the intervals of respective wires, while 100 LINAC
beams pass there with a 1 Hz repetition rate [6]. The integra-
tion of respective wire signals over 4 ms after being excited
by a hit of the beam provides the beam density at the wire
positions, so that a smooth bunch distribution is obtained
after 100 LINAC beam shots.

Here, let us cover the ceramic break on the downstream
side by twelve 1uF capacitors [15] with 2 MHz resonant
frequency or by Aluminum (Al) sheet to investigate the
effects on the beam profiles. The measured 27 wire signals
are shown in Fig.2. We can identify the noise from 0 to
0.7 ms in both cases (left/center). Though the capacitors
are expected to suppress the low-frequency components of
currents, high-frequency components contribute to the noise.
This is a systematic error by the trapezoid bump magnets [16]
at the injection area on the RCS rather than the wall currents
with beams because it is excited even in the case without
beams (see the right). As a result, it can be eliminated in
principle to produce the smooth beam profiles.
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Figure 3: Wire signals (left) and beam profiles (center/right).

Finally, we have identified that the noise is excited through
the ground plates in Fig. 1. After the plates are removed, the
error diminishes on the signals even when the downstream
and upstream ceramics are covered over capacitors and Al,
respectively, as shown in the left panel of Fig. 3, and no inte-
gration gate dependence is found in the produced distribution
in the center/right figures, where the red and blue lines are
obtained by setting the integration gates over 0-4 ms and
0.7-4 ms on the signals, respectively. The identification of
the noise path enables the capacitors to perfectly suppress
the adverse effect on the monitors from the nearby magnets.

MEASUREMENTS OF RADIATIONS
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Figure 4: The frequency dependence of measured magnetic
flux (left), and the measurement setup including a photo of
the ceramic break in the shield room in JAXA (right).

Now, let us investigate whether the capacitors can suppress
the radiation around the ceramic break beside MWPM 1, after
measuring the magnetic fields from a 10 mm long ceramic
break with and without TiN coating in the electromagnetic
anechoic chamber in JAXA by using a 30 mm diameter loop
antenna [17] whose upper resonant frequency is 1.5 GHz.
The left figure of Fig. 4 shows the frequency dependence of
measured magnetic flux divided by the magnetic field at the
center of the loop. The red and blue lines show the real and
imaginary parts, while the dashed lines show the calculated
theoretical results [18].

The right figure of Fig. 4 shows a schematic of the mea-
surement setup and a photo of the ceramic break in the shield
room in JAXA, where the ceramic breaks are supported by
the metal stand ensuring the ground path for the wall cur-
rent [11]. The ceramic breaks were sandwiched between two
stainless-steel chambers. The inner conductor was placed in
the center of chambers, making a coaxial structure with 50 Q
characteristic impedance. The upstream side was connected
to the pulse generator [19], which was amplified up to 1 kV
by the pulse voltage module (PVM-1001 [20]). We gener-
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ated a pulse with a rise time of 5 ns and a fall time of 5 ns
with a flat top time of 60 ns. The port on the downstream side
and the antenna were connected to an oscilloscope [21] via
40 dB attenuator [22], and 15m coaxial cable [23], respec-
tively. The position of the antenna is specified by (/,0,[;)
in the right figure. By rotating the antenna, we measured the
magnetic flux in the longitudinal and vertical directions.

Figure 5 shows the simulations by CST [24] and 300 time
averaged measurements. The upper-center/right and the other
panels show the signals at the downstream port and magnetic
fields at (I, 0,1,), respectively. The simulations for metal
are calculated after the ceramic break is replaced with a per-
fectly conductive (PEC) pipe. The measured magnetic field
is obtained after integrating the measured induced voltage on
the antenna over time under the assumption that the magnetic
flux is constant in the loop. The upper-center/right panels
illustrate the modulated pulses monitored at the downstream
port due to the impedance mismatch, which is significant for
the ceramic break without TiN coating. The input pulse of
simulation is 100 times lower than that of measurement, mak-
ing both results of radiations different by 2 orders, sustaining
both output pulses in the same order. The simulations and
measurements are in agreement except in the case where
the antenna is positioned at (200 mm, 0, 0), which means
that the uniformity of the magnetic flux on the antenna is
significantly violated in the loop. Hence, the antennas are
placed at (270 mm, 0, 0) even in the nearest position at the
following measurements in the RCS. The measured purple
solid and brown dashed lines are almost identical and only
the vertical component H, is excited under this idealistic
environment, as suggested by the simulation and theory [13].
Moreover, the measurements demonstrate that the magnetic
field is significantly shielded by TiN coating with 10 nm
thickness as expected [9-12].
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Figure 5: Simulations and measurements.

Now, let us measure the radiation from the ceramic break
when H™ beam with 8 = 0.7, 90 ns width, and —4.45 nC
passes through it in the RCS. The longitudinal beam shape
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Figure 6: The observed wall current (upper-left) and mag-
netic fields (the others) from the ceramic breaks, which are
averaged over 256 times.
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Figure 7: The simulation setup (upper-left), the input beam
(lower-left), and the simulated magnetic fields (right).

is measured by a wall current monitor to be confirmed. The
positions of eight antennas are identified by [ch1 (270 mm,
0, 90 mm), ch2 (270 mm, 0, 0 mm), ch3 (270 mm, 0, =110
mm)], [ch10 (540 mm, 0, 170 mm), ch4 (540 mm, 0, —150
mm)], and [ch9 (800 mm, 0, 90 mm), ch8 (800 mm, 0, 0
mm), ch5 (800 mm, 0, —110 mm)], where (chl, ch3), (ch10,
ch4), and (ch9, chS5) are almost symmetric for z = 0 plane.

Figures 6 and 7 show the measurements and simulations
without capacitors neither TiN coating. Compared to the
test-stand case, the situation is too complicated to perform
accurate simulations from viewpoints of modeling the real
environment. Then, the simulation setup is simplified as in
the left panel of Fig. 7. Nonetheless of the simplification, the
results feature the measurements, because H, partially re-
flects the longitudinal bunch shape, is almost symmetric for
the z = 0 plane, and systematically decreases as [, increases
in both the simulations and measurements. The shape distor-
tion may be found by more precisely observing the tail part
of Hy,. Though the simulation suggests the radiations should
not be emitted in the longitudinal and horizontal directions,
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Figure 8: The simulation and measurement setups (left),
simulated and measured magnetic fields (right) at ch1 (270
mm, 0, 90 mm) and ch4 (540 mm, 0, —150 mm).

they are produced in the measurements owing to the objects
in J-PARC. One drawback of this simplified simulation is
that the results are 1.5 times larger than the measurements,
which may be improved by modifying the input pulse shape.

Now, let us simulate two cases, where the capacitors are
attached to the downstream only, or PEC is covered over the
upstream only. As shown in Fig. 8, the simulations suggest
the radiations from both ceramics can be comparable at
chl, although the distances from the downstream and the
upstream to ch1 are 285 mm and 650 mm, respectively. The
corresponding measurements at chl reveal the contribution
from upstream is not negligible. Hence, let us compare
the results of chl with ch4, where the distances from the
‘upstream’ ceramic breaks to chl and ch4 are both 650 mm,
when the capacitors are attached only to the ‘downstream’
ceramic break because theoretical results predict that the
magnetic fields are enhanced near the chamber wall [13].
Both the simulations and measurements demonstrate the
enhancement, nonetheless of the existence of MWPMI1.

To cure the situation, let us cover the upstream ceramic
break with Al sheet (or capacitors) as well as the downstream
one with capacitors, as shown in Fig. 8. The simulations and
measurements in Fig. 8 demonstrate the remarkable suppres-
sion of the radiations. Practically, the ceramic break with
10 nm thin TiN coating can be more beneficial because the
induced voltage on the ceramic break can provide the precise
bunch shapes [11], suppressing the radiations.

SUMMARY

Since the chamber walls significantly enhance the mag-
netic field from the ceramic breaks, simplified simulations
are effective to evaluate it when the ceramic breaks are close
to monitors. The noise stemming from the ground should
be carefully investigated when we cure the ceramic breaks.
This work was supported by KAKENHI (17K05124).
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