
RIKEN Accel. Prog. Rep. 45 (2012)

Development of SAMURAI-TPC for the Study of the Nuclear
Equation of State

T. Isobe, M. Famiano,∗3 A.B. McIntosh,∗4 T. Murakami,∗1 H. Sakurai, R. Shane,∗2 A. Taketani, M.B. Tsang,∗2

W.G. Lynch,∗2 and S.J. Yennello,∗4 for the SAMURAI-TPC Collaboration

[Nuclear equation of state, symmetry energy, unstable nuclei]

The nuclear equation of state (EoS) is a fundamen-
tal bulk property of nuclear matter and describes the
relationships between the parameters of a nuclear sys-
tem, such as energy and density. Understanding the
nuclear EoS has been one of the major goals of nuclear
physics.
Investigation of heavy-ion collision is one of the
methods that can be used to study the nuclear EoS.
An international collaboration, the Symmetry Energy
Project, was formed in FY2009 to study the nuclear
EoS over a wide range of nuclear matter densities.
The collaboration planned to install a time projection
chamber (TPC) in the SAMURAI dipole magnet at
the Radioactive Ion Beam Facility (RIBF). By using
TPC, experimental observables, such as the flow and
yield ratios of charged particles, particularly π+ and
π− particles, produced in heavy-ion collisions will be
measured. At RIBF, a nuclear density of ρ ∼ 2ρ0 is
expected to be achieved. Experiments using the TPC
will allow us to impose constraints on the EoS isospin
asymmetry term at high nuclear matter density1).
Figure 1 shows an exploded view of the SAMURAI-
TPC. The design is based on the EOS-TPC used at

Readout cards

Readout cards
mount plate

Field cage

Encloser Target mechanism

Fig. 1. Exploded view of the SAMURAI-TPC.
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Table 1. Specifications of SAMURAI-TPC

pad size 8 mm × 12 mm

number of pads 11664 (108 × 108)

drift length ∼50 cm

chamber gas P10 (Ar-90% + CH4-10%)

magnetic field 0.5 T

pressure ∼1 atm

electric field for drift 120 V/cm

the BEVALAC accelerator2). Multi-wire drift cham-
ber (MWDC)-type gas with a cathode-pad readout for
the induced signals will be employed for obtaining good
position resolution. The target will be located near the
TPC entrance. Table 1 lists some specifications of the
SAMURAI-TPC.
This detector is designed to measure ions ranging
from pions to oxygen ions, corresponding to a wide
range of stopping powers, and consequently, to a wide
range of induced signals on the pads. An RHIC-STAR
front end electronics (FEE) card3) with more than 10k
channels will be employed for the first phase experi-
ment with TPC. The dynamic range of the readout is
10 bits, that of the feedback capacitor is 1.6 pF, and
a switched capacitor array (SCA)-type analog buffer
and Wilkinson ADCs are employed for the digitization
of the data.
To determine spatial distortions, and in order to cal-
ibrate and monitor the TPC, a laser calibration sys-
tem will be implemented. We plan to use 16 laser
beams for simulating straight particle tracks in the
TPC volume. UV-laser beams can produce ionization
in gaseous detectors via a two-photon ionization pro-
cess. We plan to use a Nd-YAG frequency-quadrupled
laser (λ = 266 nm) and to send the laser beams into
the TPC field cage through a UV optical fiber system.
The design and construction of the TPC is being
performed in the United States. Testing of the TPC
by using cosmic rays and UV-laser beams will be com-
menced after the completion of the construction. After
this, the TPC is expected to be shipped to RIBF for
first experiment.
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Design of timing monitoring circuits for time projection chamber

readout
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A time projection chamber (TPC) will be built for
experiments to study equation of state (EOS) of nu-
clear matter. In order to measure the symmetry-
energy term of the EOS, it is necessary to identify
the particle species and to measure their momentum
vectors simultaneously in the final state of heavy ion
collisions over a large phase space.1) The TPC will be
a major detector for experiments and be installed in
the SAMURAI magnet. A particle passing through the
TPC ionizes gas, and the ions and electrons drift along
the applied electric field. Electrons reach the read-out
pads and generate electronic signals. The drift time is
proportional to the distance between the particle tra-
jectory and the read-out pad. The read-out pad is 8
mm × 12 mm. There are 12000 pads. In addition
to the particle trajectory, the deposited energy deter-
mines the particle charge. In order to measure the drift
time and pulse height, the TPC readout is equipped
with the flash ADCs.
The general electronics for the TPC (GET) is cur-

rently developed2) by a collaboration among French,
US, and Japanese institutions. The GET includes
front-end preamplifiers, analog pipeline buffers, flash
ADCs, trigger logic, a digital readout, timing synchro-
nization, and data acquisition. The major specifica-
tions of the GET are as follows:

(1) Up to 100 MHz sampling clock.
(2) 12-bit accuracy of AD conversion.
(3) Up to 10 KHz trigger handling without major

dead time.
(4) Up to 30,000 channel readout.

In the GET system, 128 channels of preamplifiers,
pipeline buffers, and flash ADCs are packed into one
printed circuit board (AsAd). Each AsAd board re-
ceives the timing signal from a master timing module.
Up to 128 AsAd boards form a single GET system,
and they are synchronized accurately to run with 100
MHz sampling. A timing monitoring system (SPY-
BOX) plays an important role for this purpose. The
requirements of the SPYBOX are

(1) 128 input channels with differential LVDS from
fire wire connectors.3)

(2) Comparison of the timing between inputs.
(3) A timing resolution of measurement 1 ns.

Figure 1 shows the configuration of the SPYBOX.
When the fire wire communication protocol is not em-
ployed, each AsAd board sends its reference timing
signal to the SPYBOX through fire wires. Each tim-
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Fig. 1. Block diagram of the SPYBOX

ing signal is received by the LVDS receiver with proper
termination in order to isolate the AsAd circuits from
multiplexer circuits in the SPYBOX. The LVDS sig-
nals are fed into the multiplexers, and two signals are
selected and transferred to a time-to-digital converter
(TDC) that measures the time difference between two
signals. A CPU module controls the multiplexers and
reads the data from the TDC. The CPU module also
communicates with the rest of the GET system.
As the LVDS receiver, the ADN4668 from Analog

Devices with 200 MHz speed and 100 ps skew time was
chosen. The ACAMTDC-GP21 chip with 22 ps resolu-
tion, which has 4-wire SPI interface, was selected. The
CPU module PIC18F4550 from Microchip was used;
it contain a USB interface, digital inputs/outputs, and
an SPI interface within a single chip. 74HC251 chips
were used for the multiplexers.
When design of the logic diagram and board lay-

out were completed, we realized that the propagation
time of 74HC251 is 20 ns. It was too slow for the 100
MHz sampling speed. Therefore, we decided to build
a board with 16 channel input boards with slow mul-
tiplexers, which was found to be useful for exercising
multiplexer control, TDC readout, and communication
with the GET systems.
FPGA, which has over 100 I/O pins and pro-

grammable logic, is a good candidate of a high speed
multiplexer. However, the using FPGA would require
careful design to minimize the time timing differences
among channels or to calibrate them with respect to
the a known timing source.
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