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Abstract 
A two-dimensional beam profile monitor having a high 

dynamic range approximately six digits of magnitude by 
using of Optical Transition Radiation (OTR) and fluores-
cence screens, Unit-1, has been operated in the injection-
beam transport (3-50BT) line of the J-PARC main ring 
(MR) [1, 2]. This device contributes to the diagnosis of 
beam core and halo of intense proton beams before injec-
tion to MR, particularly measurement of beam cut effects 
by beam collimators located in upstream of the device is 
useful for beam shaping. We have been developing the sec-
ond device, Unit-2, to be installed into MR for diagnosing 
on injected beams. By using the both of first and second 
devices, beam core and halo can be diagnosed in different 
phases. Property tests of the second device have been con-
ducted at a test bench. But its longitudinal coupling imped-
ance of several ohms (by Z/n value) is an issue. Then we 
have been studying the absorption of the rf power of the 
resonances up to about 1 GHz using SiC. In this paper, we 
discuss the characteristics of the developing device, and 
simulation results of reducing the coupling impedance. 

INTRODUCTION 
The key to increase beam intensity is how to reduce the 

beam loss, then the diagnosis of the beam halo with device 
of Unit-1 in operation has been an advantage. Following 
the Unit-1, it was planned to put a Unit-2 in MR [3, 4]. At 
the Unit-2, it will be able to diagnose a halo with a beam 
core and orbits of about 10 to 20 turns after the injection. 
Those two-dimensional information on the halo formation 
at the beginning of the circulation enables us to operate 
high-intensity beam with reflecting the correlation in the 
X-Y directions. In addition, by performing measurements 
synchronized with the Unit-1, it is possible to adjust the 
collimator balance between 3-50BT and MR, and to diag-
nose the transverse phase-space distribution of the injec-
tion beam including the two-dimensional XY coupling 
component. Furthermore, by only using the beam halo part 
of Unit-2 for the measurement of the circulating beam, the 
beam loss due to the time evolution of the two-dimensional 
distribution. It is also expected to diagnose resonance con-
dition with such a temporal halo information. 

Development as a basic monitor device has been com-
pleted, and basic measurements have been made on a test 
bench. The challenge for the current study is how to reduce 
the coupling impedance with MR circulating beams. At the 

beginning of development, the impedance (Z/n) was set to 
almost zero in the frequency range up to 100 MHz. This 
reason was the MR's basic acceleration frequency of 1.67-
1.71 MHz (corresponding to 3-30 GeV) was observed with 
high-frequency components up to about 100 MHz in the 
actual beam. However, recently, microwave instabilities 
have occurred in the region of several hundred MHz at the 
time of rf de-bunch in a slow extraction. For this reason, a 
requirement was imposed to reduce the impedance in the 
region up to around 1 GHz to zero as much as possible. 

DEVICE CONFIGURATION 
The concept of a high dynamic-range profile monitor is 

to increase the dynamic range of detection by using two 
types of screens. The beam core (about 2 digits) is detected 
by OTR from the titanium screen, and the beam halo (about 
4 digits) is detected by the fluorescence from the alumina 
screen on the outer part [1, 2] (Fig. 1). 

 

 
Figure 1: Conceptual screen layout. 

 
In the Unit-2, the following five points were changed 

from the Unit-1 of 3-50 BT in order to install it in MR. 
1. The diameter of the beam hole at the upper concave 

mirror was increased from 120 mm to 160. 
2. Then the diameter of the concave mirror was in-

creased from 300 mm to 350 mm to compensate for 
the light loss due to the large beam hole as above. 

3. The vacuum chambers for the mirror and the target 
were separated. 

4. The imaging point was positioned in the atmosphere 
to increase the yield of light with close optics.  

5. Though conventional mirrors were made by deposit-
ing pure aluminium on the entire surface of polished 
Pyrex glass, considering radiation damage, in Unit-2 
pure aluminium (A1050) was used as the base mate-
rial and machined.  ____________________________________________ 
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Figures 2 and 3 show the configurations of the device 
and the relay optical system, respectively. The optical sys-
tem transfers the OTR and fluorescence generated at the 
target to imaging point. The Offner optical system consist-
ing of upper and lower concave mirrors with a diameter of 
350 mm and convex mirrors with a diameter of 200 mm 
[5], and these three surfaces are concentric spheres. The 
system has a large aperture as that F value is about 0.7. The 
spread angle of the OTR by the 3 GeV injected proton 
beam is 27 degrees [1, 2], and the mirror is large enough to 
cover the solid angle. These spherical mirrors using alu-
minium (A1050) were made by lathe processing with an 
air bearing type lathe, then it was possible to achieve a sur-
face accuracy of about 6 to 60 nm in terms of Ra (arithme-
tic mean roughness) value. The wave surface accuracy was 
about λ/4. The optical system was confirmed by a grid pat-
tern test to have a horizontal field of view of 140 mm and 
a vertical field of view of 100 mm. For the difference in 
light transmittance depending on the location of the sub-
ject, a sensitivity map was created by sweeping the laser 
spot. It is used to correct the beam measurement data. 

 
Figure 4: Transmission map by laser swept from 3 types of 
target positions. 

Figure 4 shows uniform transmission area within un-uni-
formity 15% was 80 mm square. Target position varied 
±3.5 mm which amount to actual target differences, the re-
sults show almost the same transmission map. They also 
show that the depth of field can be secured at 7 mm. 

 
Figure 5: Target configuration. 

 
A target configuration is shown in Fig. 5. A titanium foil 

screen for beam core with a thickness of 5 μm, and the red 
rectangles located on the top, bottom, left, and right of alu-
mina screens for beam halo with a thickness of 0.5 mm. 
Table 1 summarizes the losses in these materials for high 
intensity beams. 

 
Table 1: Energy Loss in the Screen Materials 

 Energy Loss 
[keV/proton]** 

Energy Loss 
[J/bunch]*** 

Titanium 5 μm  3.4 4.9e-3 
Alumina 0.5 mm  330 4.7e-1 

* 3GeV Proton, ** 1e13 proton/bunch 
 
The durability of titanium foil is not a problem even 

when a high-intensity beam such as 7.6×1013 proton / 
2bunch was circulated and passed through the foil for about 
100 turns (repetition cycle 5.3 μs) at MR [6]. The total en-
ergy loss value of alumina in the table is about 100 times 
larger than that of titanium. However, since the proton den-
sity at the alumina target is 10-3 or less to the beam center 
because of beam halo part, the actual total energy loss dur-
ing use is 1/10 or less of that of titanium, and no problem 
occurs. Concerning beam spread of these screen materials 
due to scattering were estimated to be about 1 %/10 turns 
for the titanium foil in the beam core and 50 %/10 turns for 
the alumina in the beam halo. Although the alumina screen 
for the beam halo has the above-mentioned scattering ef-
fect, it is also taken into consideration that the beam halo 
growth exceeding 40 π mm.mrad will be captured by meas-
uring not only the injection time but also during accelera-
tion. 

The secondary optical system locates in a lead shield un-
der the target where the radiation exposure dose was about 
500-1000 mGy/week by pre-measured using the OSL chip 
[7] during operation of the high intensity beam. This dose 
level was almost the same as the value at the Unit-1. The 
components of the secondary optical system consist of a 
quartz diffuser plate at the imaging point to convert OTR 
into scattered light, and a close-range wide-angle optical 

 
Figure 2: Layout of the device apparatus. 

Figure 3: Layout of Offner relay optics. 
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system for obtaining beam image. The basic measurement 
system is a wide dynamic-range CMOS camera with an im-
age intensifier with rise time of 100 ns. 

COUPLING IMPEDANCE 
Impedance measurements [8] using wire were per-

formed on each of the mirror chamber and the target cham-
ber (Fig. 6). For the impedance value, Z/n [Ω] used for the 
evaluation of instability is used, when n = frequency/revo-
lution frequency. In up to 1 GHz, the mirror chamber had 
a peak of 3.7 Ω around 150 MHz and a peak of 2.6 Ω near 
350 MHz. In the higher frequency region, there were many 
peaks of about 1.5 Ω or less. In the target chamber, most of 
the peaks were below about 0.5 Ω. 

The slow extraction beam has a high intensity of about 
65 kW currently, and microwave instability occurs depend-
ing on conditions at the time of de-bunch at 30 GeV. Ac-
cording to the Keil-Schnell criterion [9, 10], which is often 
used as a measure of the onset of this instability, the MR 
threshold is estimated to be about several Ω. By a consid-
eration, it was decided to reduce the impedance to about 

0.5 Ω or less as much as possible. Therefore, the mirror 
chamber should be reduced these impedances.  

IMPEDANCE REDUCTION 
By Structure Modifying 

We conducted simulation by wake solver of CST Studio 
suite [11] to reduce various resonances. However, it is dif-
ficult to make Z/n sufficiently small, and particularly, the 
problem was the resonance does not decay by next bunch. 
For example, Fig. 7 shows an example of a simulation in 
which the internal mirror unit was covered by an alumin-
ium shield. There was a high resonant peak of 6.78 Ω at 
390 MHz, and some resonances remained at higher fre-
quencies (Fig. 7 (B)). Figure 7 (C) shows the wake poten-
tial did not decay by the next bunch sufficiently. In Fig. 7, 
the impedance values(B) are just the lower limits in simu-
lation because of not enough time region(C) to decay them. 

Field Absorption Using Silicon Carbide 
Therefore, we decided to study a method of absorbing an 

electric field using a dielectric. For the dielectric, silicon 
carbide (SiC) [12-14], which has been proven to be used 
for the purpose of attenuating higher-order modes in accel-
erating cavities such as KEKB and KEKB DR, was se-
lected. SiC is CoorsTek's CERASIC B [15] (Fig. 8), espe-
cially suitable for the frequency above 100 MHz. The ab-
sorption power P of the high frequency electric field by the 
dielectric is given by Eq. (1). Here, with K as a constant, ε' 
is the relative permittivity, tanδ is the dielectric loss angle, 
f is the frequency, and E is the electric field strength, 

 

𝑃 ൌ 𝐾 ⋅ 𝜀ᇱ ⋅ 𝑡𝑎𝑛𝛿 ⋅ 𝑓 ⋅ 𝐸ଶ        ሺ1ሻ. 
Simulation with SiC 

For the electric field absorption in SiC, it is effective to 
install it in a place where the normal electric field strength 
is larger (Eq. (1)). However, in order to remove heat gen-
erated by absorption, it is easier to install it at a position 
facing the atmosphere than inside a vacuum chamber. For 
this reason, we decided to install SiC on the vacuum side 
of the inner surface of the port flange of the mirror chamber. 

The configuration in which SiC was attached to a total 
of 9 surfaces, 8 surfaces of the ICF253 flange on the side 
of the chamber and 1 surface of the ICF406 flange on the 
top surface. This set had a high effect on impedance  

 
Figure 6: Results of coupling impedance measurement
with initial equipment. 

 
Figure 7: Simulation with a shielded Mirror Unit: (A)
Structure, (B) Impedance, (C) Wake potential. 

 
Figure 8: Permittivity of a SiC, ε’: blue, and ε”: red.  
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reduction (Fig. 9(A)). The position of the SiC plate of 
ICF253 on the downstream side of the beam level was in-
creased SiC thickness to 60 mm because the viewing space 
in the cavity was wide, and the others were 30 mm. The 
longitudinal impedance had the maximum peak of 0.6 Ω at 
250 MHz, and the others were below the target of 0.5 Ω 
(Fig. 9 (B)). Figure 10 shows the varying with time in the 
field power and in wake potential of one bunch interval. 
The field is 28.24 dBm (0.66 W) when passing through the 
bunch and is attenuated gradually by 52 dB during the 
bunch time. This calculation assumes 3×1012 protons per 
bunch and that all power is absorbed by SiC. In a actual 
case, bunch of 5×1013 protons, it can be estimated to be 
about 11 W. In addition, the wake potential decays at about 
1/3 of the bunch time interval. 

SUMMARY AND PROSPECTS 
We have been developing the second profile monitor us-

ing OTR and fluorescence in order to increase the intensity 
of J-PARC MR and to improve the diagnostic equipment 
for injected beams. The device was completed with the 
configuration as designed, and the characteristics have 
been measured on the test bench. For installation on MR, 
there was a requirement to reduce the coupling impedance 
with the beam to about 0.5 Ω or less and as small as possi-
ble in order to reduce beam instability. By adding SiC as a 
countermeasure, we obtained simulation results with an 
impedance of about 0.6 Ω. In the near future, SiC plates 
will be manufactured and impedance measurement will be 
performed on the bench. 
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