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Abstract

A multi-ribbon beam profile monitor in a beam dump line of the J-PARC main ring (MR) has been used in the beam
operation of the MR. Combining the fast extraction (FX) system to the beam dump line, the monitor is able to conduct
the MR beam diagnostics at the arbitrary timing and energy from the injection period of 3 GeV to the extraction timing
of 30 GeV. The extraction timing can be controlled in the number of circulating-turn, therefore, we can observe the
progress of beam profile turn by turn. The ribbons of the monitor are 1 um thick titanium foils. They are durable to the
high intensity protons as 8 bunches of 4E13 protons per bunch (ppb), which are the maximum number of protons in the
MR. The sensitivity range of each ribbon channel is adjustable at its attenuator to the front-end input signal, and beam
profiles can be measured even 1E10 protons per pulse (ppp). This wide range capability provides the diagnostics of the
MR beams in several operation modes. This report presents current device configuration, and the several cases of the MR
beam diagnostics observed by the monitor.
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Table 1: Ribbon Configuration

Dir. Halo Core Halo | Total
H Channel 23 21 23 67
Pitch (Ribbon 3.5 2.5 3.5
Width)[mm] 2.5 1.5 @5
Span [mm] 80.5 52,5 80.5 | 213.5
A% Channel 12 9 12 33
Pitch (Ribbon 3.5 2.5 3.5
Width)[mm] 2.5 1.5 @25
Span [mm] 42 22.5 42 106.5
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Figure 3: Conceptual diagram of profile measurement by
secondary electron measurement.
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Figure 4: Cavalier 12bit ADC with 16ch inputs. The board

(A), linearity of Halo type (B) and ESM type (C),
frequency response of Halo type (D) and ESM type (E).

Table 2: Channel Transmission Deviation of 64ch ATT
Module

Transmission [dB]
Set value
300 MHz 1000 MHz
0dB —-0.163 £ 0.038 —1.068 = 0.054
20dB —20.042 £ 0.036 —20.908 £ 0.120
40 dB -39.796 £ 0.119 —41.506 £ 0.377

Figure 5: Front view of 64ch ATT. Lemo connectors for
output was arranged, and four Cavaliers (64 channels in
total) were installed. The inputs were located in the rear.
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DAQ and Control system
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Figure 6: DAQ and control system with the Saba-Taro for
EPICS IOC.
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Figure 7: Data analysis display. (A)Contour map
representing the time evolution of the projected SE, (B)
time-waveform of Total SE for all channels, (C) projected
beam profile in linear scale, (D) the same in log scale, (E)
SE contour map and projected profile for each bunch.
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Figure 8: Tune diagrams adopted in the MR operations.
Left one is for FX operation, and right one is for SX
operation. Red lines for integer resonances, blue lines for
half-integer resonances, and yellow lines for third
resonances. The light blue squares represent assumed tune
spreads.
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Figure 9: Beam profile responses to beam intensity for the
same operation point in MR and the same optics in Abort
line. Left is for horizontal, and right is for vertical. Red
lines are at 3 GeV, blue lines are at 30 GeV.
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Figure 10: Damping ratio of the beam profiles responses in
30 GeV / 3 GeV. Red is for horizontal, and blue is for
vertical. 0.352 is for ideal adiabatic damping radio.
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Figure 11: Beam profiles responses to beam tunings. Left
is for horizontal profiles and right is for vertical profiles.
Beam loss ratio (horizontal axis) represents the progress of
the beam tunings.
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Figure 12: Response of horizontal beam profiles for
optimizing skew quadrupole magnets. Horizontal size
0, is minimized from 4.1 mm to 2.7 mm.
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