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A new trigger selector system has been introduced
for the BigRIPS data acquisition (DAQ) system. One
of the advantages of this system is that trigger signals
could be switched by a web-interface controller without
physically chaining connections between trigger-related
circuits. This function will help the RI-beam tuning in
BigRIPS because the trigger for the BigRIPS DAQ is
frequently switched to obtain profiles of RI beams at
each focal plane. In addition, it is possible to configure
a complex trigger condition by applying logic gates of
AND, OR, and NOT for triggers from each focal plane.
The new system consists of five Generic Trigger Op-

erator1) (GTO) modules and a web-interface controller
coded in the PHP language. A connection diagram of
the system is shown in Fig. 1. This system is divided
into three sections: the focal plane section, trigger logic
section, and trigger output section. The trigger signal
for the measurement is hierarchically selected by these
three sections. GTO modules with selector firmware2)

(SELGTO) are used for the focal plane and trigger out-
put sections. To configure complex trigger conditions
in the trigger logic section, new firmware for the logic
unit has been developed and implemented in the GTO
module (LUGTO). LUGTO has 20 input channels and
8 output channels. Up to 8 logic conditions, a combina-
tion circuit of input signals with AND, OR, and NOT
logic gates can be configured in LUGTO.
In the focal plane section, the signals from plastic

scintillators and PPACs at the F1–F12 focal planes
are separately connected to three SELGTO modules.
Here, signals named as F1–F12 Beam are produced and
sent to the trigger logic section. For example, the F2
Beam signal is defined from the selection of signals from
F2Plastic, F2PPAC1, and F2PPAC2 detectors. By us-
ing LUGTO in the trigger logic section, coincidence
triggers named as BigRIPS, ZeroDegree, and dE can
be configured by signals labeled as F1–F7 Beam, F8–
F11 Beam and F3–F7dE (energy-loss gate at each fo-
cal plane), respectively. For example, the BigRIPS (Ze-
roDegree) trigger can be defined as F3Beam×F7Beam
(F8Beam×F11Beam). Finally, the trigger output is de-
termined by choosing signals of BigRIPS, down-scaled
BigRIPS (BigRIPS(1/n)), ZeroDegree, dE, etc. in the
trigger output section.
The trigger configuration is selected from the web-

interface controller as shown in Fig. 2. The settings in
GTO modules are updated on pushing the “Save” but-
ton. However, these settings will be lost when a power
cycle occurs. The “EEPWrite” button is used to keep
configurations permanently in GTO modules. Compo-
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Fig. 1. Diagram of signal connections.

Fig. 2. Screenshot of the web-interface controller.

nents of the web-interface contoller can be customized by
a text setting file to facilitate the modification of trigger
connections.
This trigger selector system for the BigRIPS DAQ has

been in operation since from April 2018, enabling us to
perform RI-beam tuning efficiently.

References
1) H. Baba et al., RIKEN Acc. Prog. Rep. 46, 213 (2013).
2) H. Baba et al., RIKEN Acc. Prog. Rep. 49, 201 (2016).

Beam preparation for industrial utilization of Ar, Kr, Xe,
and Au beams

A. Yoshida∗1 and T. Kambara∗1

Through the fee-based industrial utilization of RIBF
facilities, a space-use semiconductor company has been
using Ar and Kr beams at the E5A beam line1) a few
times in a year. The client irradiates semiconductor de-
vices in the air to test the radiation tolerance of single
event effects (SEEs).

Figure 1 shows the configuration for the irradiation. A
uniform beam-flux distribution is achieved2) with wob-
bler magnets and a beam scattering foil placed 4.5 m
upstream of a vacuum separation window. Downstream
of the window, an air-ionization chamber (IC1) that con-
sists of a stack of 24 µm-thick Al-Mylar foils is used as a
total beam intensity monitor for all beams. To monitor
beam intensity below 1 M cps, a thin plastic scintillator
(PL) covered by a 48-µm-thick Al-Mylar foil is used. An
adjustable energy degrader follows to control the LET,
where the beam energy is adjusted by inserting up to ten
Al foils with thickness ranging from 5 to 975 µm. At the
sample irradiation position, the range value of the beam
is measured using a small air-ionization chamber (IC2),
and the beam energy is measured with a replaceable Si-
detector stack (SSDs) 2 mm in total thickness.

As a next step, the client plans to use heavier beams
with a higher linear energy transfer (LET) for the SEE
test. Therefore, we have studied the characteristics of
136Xe and 197Au beams in the air. In Table 1, the mea-
surement results and the irradiation parameters for the
Xe and Au beams are summarized and compared with
those of Ar and Kr beams. Since the Xe and Au beams
are slow, we minimized the thickness of materials in the
beam line. The vacuum separation window was replaced
with a 25-µm thick Kapton foil. For the Xe beam, we
used a 100-µm-thick PL scintillator, while for the Au
beam, we did not use a PL scintillator or a beam scatter-
ing foil. The air path lengths Lair1 and Lair2 indicated
in Fig. 1 were minimized as well.

We first measured the range of the beams in Al at the
exit of the energy degrader. On increasing the degrader
thickness, the IC2 current increased until the Bragg peak
and dropped at the range of the ions. From this mea-
sured range of values, we obtained the maximum beam
energy on a sample placed in the air by referring to the
thickness-energy relation from SRIM3) calculations. In
the same manner, the SSDs were energy-calibrated by
changing the degrader thickness.

From the measured energy spectra of SSDs, the LET
peak value and its 1σ width in a Si sample were calcu-
lated. The corresponding range of values of the beam
in Si is listed. According to the client, a beam range
of 50–100 µm is indispensable for the SEE test of usual
semiconductor devices. A high-LET condition near the
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Fig. 1. Irradiation setup at the E5-A beam line.

Table 1. Summary of irradiation parameters.

Bragg peak was also measured by controlling the thick-
ness of the degrader.
From this result, the 136Xe beam is available for

the SEE test with a LET value ranging from 47 to
67 MeV/(mg/cm2). On the other hand, the maximum
energy of the 197Au beam in the air corresponds to its
maximum LET at the Bragg peak. More detailed infor-
mation on the E5A beam line is provided in our home
page.4)
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