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Abstract

At RIKEN Nishina Center, the plan to upgrade the current facility and increase heavy ion beam intensity is promoted.
However, there is a concern that the beam loss may cause serious thermal damage to the Electrostatic Deflection Channel
(EDC). Currently, a thermocouple that detects a temperature gradient is used as a Beam Loss Monitor (BLM) that observes
the beam loss of EDC. However, the response time of the thermocouple cannot keep up with the melting time by beam
loss. There is a problem that the EDC melts before the Beam Interlock System (BIS) functions and causes accelerator
operation failure. Therefore, it is necessary to develop a detector that can detect the beam loss immediately by using
radiation detection and electric signals. We adopted an ionization chamber as a new BLM, devised an original design
method, and designed based on engineering analysis. We developed a multi-stage electrode type ionization chamber and

estimated its performance.
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Figure 1: Beam damage of EDC.
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Figure 2: Schematic of Beam Loss Monitor system.
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Figure 3: Principle of ionization chamber.
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Figure 4: Concept of beam loss detection at EDC.
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Figure 5: 2D analysis model of EDC.
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Table 1: Heavy Ion Beam Parameters

Nuclide By
Energy 345 MeV/u

Intensity 100 pnA
Power 821 kW

Diameter 3 mm
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Figure 6: Relation between time to reach melting point of
Cu and beam loss rate.
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Figure 7: Geometry around EDC.
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Figure 8: 2 dimensional distribution of absorbed dose rate
due to beam loss.
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Figure 9: 1 dimensional distribution of absorbed dose rate
at the installation location of the ionization chamber.
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Table 2: Ionization Chamber Design Parameters

Electrode gap [mm]

o0 B N W B U O N © ©

Applied voltage -3.75kV
Electrod 75

LE+00 1.E+05 2.E+05 3.E+05 4.E+05 @ 6.E+05 ectrode gap mm

Applied electric field [V/m] Gas pressure 1.013x10° Pa
. . L . Response time 100 ns
Figure 10: Characteristics of electrode gap with respect to

applied electric field. Sensor volume 3000 cm’

Sensor sensitivity 0.2 A/(Gy/h)
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Figure 11: Multi-stage electrode type ionization chamber.
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Figure 12: Characteristics of average ionization current
with respect to beam loss rate.
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