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PPAC high-rate study with Z ∼ 50 beams (MS-EXP15-09)
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Position-sensitive Parallel Plate Avalanche Counter
(PPAC) is one of the important focal plane detectors
for the Bρ measurement at RIBF1). Owing to the
fast response of the PPAC with the delay line readout,
the PPAC operated under the counting-rate of sev-
eral MHz with the 2.5 MeV/u 4He beam2). However,
sometimes a discharge of the PPAC due to high-rate
heavy-ion beams results in damage to the electrodes
and causes the high voltage (HV) modules to trip1).
Therefore, it is important to investigate the tolerance
of the PPAC against intense heavy-ion beams.

An endurance test of the PPAC against high-rate
heavy-ion beams was carried out in November 2015.
Two double-PPACs1) were placed in the F3 cham-
ber of the BigRIPS separator. The upstream and
downstream PPAC are named as F3-1 and F3-2, re-
spectively. The size of F3-1 (F3-2) is 150 mm(X) ×
150 mm(Y) (240 mm(X) × 150 mm(Y)). Each double-
PPAC has two delay-line PPACs in its case, termed
A- and B-side. Each PPAC is equipped with an anti-
discharge unit, which is currently under development
3). A mixed beam of around 132Sn was used, whose
energy at F3 was around 220 MeV/u. The beam size
in σ at F3-1 was 2.1 mm (X) and 3.1 mm (Y), and at
F3-2 the beam size was 7.5 mm (X) and 9.0 mm (Y).

Before irradiating the PPACs with intense beams,
the HV dependence of individual detection efficiencies
for each cathode was measured with a 1 kHz beam
(Fig. 1). Subsequently, the HV was adjusted for all
cathodes so as to realize the individual efficiency of
around 95%. At that time, the total efficiency for X
and Y plane, ηX and ηY , was 99.86% and 99.92%,
respectively. Here, ηX is defined as

ηX = {1− (1− ηF3-1AX)(1− ηF3-1BX)}
× {1− (1− ηF3-2AX)(1− ηF3-2BX)},

where ηF3-1AX is the individual efficiency of the X
cathode of the A-side PPAC at F3-1; ηY is similarly
defined.

Under this HV condition, PPACs were irradiated
with high-rate beams in the range from 1 kHz to
1000 kHz, and the occurrence of the discharge and the
change of the total efficiency were monitored. Firstly,
there was neither discharge nor trip of the voltage mod-
ules even in the case of irradiation with the 600 kHz
and 1000 kHz beams for 70 and 60 minutes, respec-
tively. Secondly, the total efficiency decreased as beam
rate increased as shown in Table 1. If the electrodes in
the PPACs sustain damage, this decrease of the total
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efficiency will happen and will be irreversible. How-
ever, ηX and ηY obtained with the 1 kHz beam in
runs 612 and 621, which were performed just after ir-
radiation with the 600 kHz and 1000 kHz beam re-
spectively, reproduce the values obtained with the first
1 kHz beam in run 602. Thus, we can conclude that
the electrodes in the PPACs were not damaged by the
high-rate beams up to 1000 kHz. The reason for the
decrease of ηX and ηY can be explained by the prop-
erty of the delay line: the total delay time of the signal
(118 ns for 150 mm delay line length and 192 ns for
240 mm) results in the dead time of the PPAC. As a
result, the efficiency decreases for high-rate beams.

Fig. 1. Individual efficiency of each cathode. The adjusted

voltage for each PPAC is as follows: F3-1A, 700 V; F3-

1B, 720 V; F3-2A, 720 V; F3-2B, 730 V.

Table 1. Total efficiencies of ηX and ηY .

run beam rate irradiation ηX ηY
number @F3 [kHz] time [min] [%] [%]

602 1 5 99.86 99.92

605 50 10 99.70 99.83

606 100 10 99.74 99.80

608 200 10 99.57 99.72

609 400 10 98.89 99.30

610 600 10 97.71 98.52

612 1 5 99.95 99.96

613 600 30 97.65 98.49

615 600 30 97.75 98.52

616 1000 30 90.83 93.30

617 1000 30 92.94 94.57

621 1 5 99.94 99.96
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ANSYS code calculations for measuring beam spot temperature
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RIBF cyclotrons can accelerate very heavy ions such
as uranium up to 345MeV/nucleon. The goal beam in-
tensity is expected to be 1 particle µA (6.2×1012 pps),
which corresponds to a beam power of 82 kW in the
case of 238U1). An important aspect in increasing beam
intensity is limiting the maximal temperature due to
beam energy loss in the material. Controlling this ab-
sorbed power is a key challenge. Therefore, a high-
power production target system2,3) was designed and
constructed in 2007 for the BigRIPS separator4,5). The
water-cooled rotational disk targets and ladder-shaped
fixed targets are currently in operation.

As the fixed ladder-shaped target, a Be taper of
3-mm thickness was irratiated by a 238U beam of
345MeV/nucleon, up to 38 pnA with a beam spot size
of 1.5-mm diameter. This target was tightly mounted
on a water-cooled target holder using a 5-mm thick
aluminum fixing plate. Although the present primary
beam intensity is much lower than the goal value, the
beam spot temperature at various conditions was mea-
sured and compared with thermal simulations to ex-
amine the beam power tolerance and to evaluate the
cooling capacity of the high-power production target.
The finite element thermal analysis code, ANSYS6),
was used to model thermal distributions in the targets.

Figure 1 shows the quarter model of the ladder-
shaped target and the result of the temperature distri-
bution calculated by the steady-state thermal analysis.
The mesh of the target body is generated using three-
dimensional hexahedral elements 0.2 mm in size. The
input power was given as the heat generation, which is
approximately 87W/mm3. In addition, the total ab-
sorbed power in the whole Be target, not the quarter
model, is approximately 460W for 35 pnA intensity.
Owing to the high energy deposition in the target, the
target system is cooled using a forced convection mode.
For forced convection, the heat transfer coefficient of
the cooling channel was calculated (using JAERI for-
mula7)) and used in the simulation. For this simu-
lation, the cooling water (25◦C) flowed at 3.5 l/min
through the cooling channel. To ensure efficient heat
transfer, the temperature-dependent thermal conduc-
tivity of Be and Al were used at temperatures between
25 and 750◦C. As shown in Fig. 1, the maximum tem-
perature of the target center was approximately 650◦C
under the above mentioned conditions. Figure 2 shows
the calculated and measured beam spot temperature
on a Be target as a function of the primary beam in-
tensity of 48Ca, 78Kr, and 238U. For all primary beams,
the temperature is always below the melting temper-
ature (1278◦C) of the Be target for beam intensities
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Fig. 1. Quarter finite element analysis model and the cal-

culated temperature distrubiton in the Be target.

Fig. 2. Calculated and measured beam spot temperature

on a Be target as the function of a different primary

beam intensity.

used in the simulation. In order to reach the goal in-
tensity, it is recommended to use a water-cooled rotat-
ing disk target with a suitable velocity so that different
parts of the target are irradiated by bunches.

Presently, the beam spot temperature calculated us-
ing the ANSYS code is higher than the measured beam
spot temperature8). Discrepancy between the mea-
sured temperature and the simulation can be caused by
the suboptimal spatial resolution of the thermal cam-
era system. Since the spatial resolution of the thermal
camera is approximately 2 mm, some improvements to
achieve a more accurate measurement will be neces-
sary.
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