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Development of readout electronics for SAMURAI-TPC project
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SAMURAI-TPC Collaboration

Investigation of heavy-ion collision is one of the
methods that can be used to study nuclear EoS. For
performing a heavy-ion collision experiment at the Ra-
dioactive Ion Beam Facility (RIBF), a time projection
chamber (TPC) will be installed in the SAMURAI su-
perconducting dipole magnet. As the readout elec-
tronics for more than 12k channels in TPC, a novel
readout system, GET1), is planned to be employed.
GET stands for General Electronics for TPC, and has
been developed mainly by France and USA collabora-
tion. As shown in Figure 1, our GET system consists of
ZAP, AsAd, CoBo, MUTANT and DAQ. The function-
ality of each component is summarized in Table 1. Al-
though most components are provided by GET collab-
oration, each experimental group has to finalize their
own system by developing some original components
specialized for their experiment. In our case,we have
developed the ZAP board, the updated DAQ, and an
online software.

One of the main features of the SAMURAI-TPC
readout system is the size of acquired data.

In spite of the data reduction and the limitation of
the trigger rate, enormous amounts of data will be
taken from the experiments using SAMURAI TPC be-

Fig. 1. Overview of readout system for SAMURAI-TPC
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Table 1. Components of SAMURAI-TPC-GET readout

system

TPC Main detector. 108×112=12096 chan-

nels

ZAP Adapter board to AsAd with protec-

tion from large signal. 1 ZAP for

1 AsAd.

AsAd ASIC and ADC board. 4 AGET ASIC

chips, FPGA and 4 ADCs (ADS6422)

on 1 AsAd board. 64 channel read-

out with 1 ASIC (63 ch per AGET

in our case). 512 samples at most.

1∼100 MHz sampling rate. Pro-

grammable gain. 192 AGET, 48 AsAd

boards.

CoBo Concentration board. DDRAM for

event buffering. 4 AsAd per CoBo. Up

to 10 CoBo can be mounted on 1 µ-

TCA crate.

MUTANT Trigger and time stamping module.

1 module per µ-TCA crate.

DAQ Event building servers and computing

farm for online/offline analysis.

cause of the large number of readout channels. Ac-
cording to the simulation study, the most efficient way
for the reduction is zero suppression, which will re-
duce the size by upto 90%. Drift time of an electron
will limit the trigger to a rate between 200 and 500
Hz. In that case, the output data throughput is es-
timated to be 80∼300 MByte/sec, which corresponds
to 100∼300 TByte per week. To handle such large
amounts of data, the use of the RIKEN Integrated
Computing Cluster (RICC) is considered for the data
analysis.

The entire setup of the GET system for SAMURAI-
TPC is supposed to be ready before the end of 2013.
The SAMURAI-TPC is being constructed in the US
and will be delivered to RIKEN at the end of 2013.
The bunch of electronic boards will be mounted on
the TPC and will be tested with cosmic rays. After
that, the TPC will be mounted in SAMURAI magnet
for the first experiment.
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Understanding the equation of state (EOS) for dense
asymmetric neutron-rich matter has been identified as
an important scientific objective in the Nuclear Sci-
ence in the past decade. In order to extend constraints
on the symmetric matter (ρn ≈ ρp) EOS at supra-
saturation densities, obtained from central nucleus-
nucleus collisions, to the essential frontier of neutron-
rich matter, a construction of SAMURAI-TPC for pion
production and flow measurements at the RIBF was
proposed to the U.S. DOE in the summer of 2008 as
one of U.S.-Japan Collaborative Researches. Soon af-
ter an approval of the proposal in the fall of 2010 we
started a R&D of the TPC based upon the design of
EOS-TPC at LBL and now we are at a final stage
of the construction. This report describes the current
status of TPC construction.

The SAMURAI-TPC was designed to fit within the
pole gap of the SAMURAI dipole magnet. In Fig. 1 an
exploded view of the TPC is shown. The TPC consists
of several main components, namely a front end elec-
tronics mounted on, a rigid top plate, a pad plane and
three wire planes, a field cage, a voltage step-down,
a thin-walled enclosure, a calibration laser optics, a
target mechanism, rails, and so on. Details about a
electronics for the SAMURAI-TPC including front end
electronics are described in a separated report1).

Fig. 1. Exploded view of SAMURAI-TPC.
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The rigid top plate is a primary structural mem-
ber of the TPC and reinforced with several ribs to
hold a pad plane and three wire planes. Laser level
measurements confirmed that the top plate was flat to
within about 125 µm. The pad plane which consists
of 108×112 pads of 12×8 mm2 in size is mounted on
bottom of the top plate. Each pad has capacitances
of 12 pF to the ground and of 5 pF to adjacent pads.
Cross talks between adjacent pads and non-adjacent
pads are measured to be about 0.2% and less than
0.1%, respectively. Because of its large size the pad
plane was fabricated in four pieces and glued to the
top plane to form a single plane of 1.34×0.86 m2 in
size.

Wires for anode wire plane were wound on a frame
in the detector lab of the NSCL/MSU and epoxied and
soldered on a circuit board. Plans have been made to
wind the ground plane and gating grid plane by the
end of February. The field cage is mainly made of thin
two layer PCB’s so that reaction ejectiles could exit
through it. Front window will be 12 µm PPTA and
back window will be 125 µm Kapton, with evaporated
aluminum electrodes. The cage is designed to be gas
tight for separating detection gas volume from insula-
tion gas outside the field cage.

In order to prevent sparking from cathode (20 kV) to
ground the voltage step-down is situated about 6 mm
below the cathode and glued to the bottom plate of
the enclosure. The voltage step-down has 8 concentric
copper rings which step the voltage down from cath-
ode HV to ground. The thin-walled enclosure has a
skeleton-structure of aluminum angle bars welded and
polished for sealing. Its sides and down stream walls
are made of framed aluminum sheet to minimize neu-
tron scattering. The upstream plate will be modified
to couple to the up stream beam-line. A motion chas-
sis and hoist beams can be attached to the enclosure
for lifting and/or rotating the entire TPC safely. We
still need to work on the calibration laser optics, the
target mechanism, and the rails, but those should be
ready by the end of 2013. We plan to ship the TPC
from MSU to RIBF in December of 2013.
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