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The SAMURAI Pion Reconstruction and Ion-Tracker Time Projection Chamber (SπRIT TPC) was designed to enable
measurements of heavy ion collisions with the SAMURAI spectrometer at the RIKEN Radioactive Isotope Beam
Factory and provide constraints on the Equation of State of neutron-rich nuclear matter. The SπRIT TPC has a 50.5
cm drift length and an 86.4 cm × 134.4 cm pad plane with 12,096 pads that are equipped with the Generic Electronics
for TPCs. The SπRIT TPC allows excellent reconstruction of particles and provides isotopic resolution for pions
and other light charged particles across a wide range of energy losses and momenta. Details of the SπRIT TPC are
presented, along with discussion of the TPC performance based on cosmic ray and charged particles emitted in heavy
ion collisions.

Placing constraints on the density dependence of the sym-
metry energy term of the nuclear Equation of State (EoS) is
an important research objective for both nuclear physics and
astrophysics1. The SAMURAI Pion-Reconstruction and Ion-
Tracker (SπRIT) Time Projection Chamber (TPC) was de-
signed and constructed to be used as the primary tracking
detector in a series of experiments designed to constrain the
symmetry energy at about twice normal nuclear matter den-
sity2. Copious production of charged particles is anticipated
in central collisions of heavy ion beams with energy ranges of
200–500 AMeV. The TPC design allows determination of Par-
ticle IDentification (PID) of charged pions and light charged
particles up to Li by measuring their momentum distributions
and energy losses in the gas. Initial design of the TPC and
its specific requirements can be found in Ref. 2. This paper
details the final design and actual construction of the SπRIT
TPC, and discusses how the design was influenced by the ex-
perimental requirements. The TPC has been successfully de-
ployed in a series of experiments to use pions to study the
density dependence of symmetry energy3,4.

This paper is organized as follows: A brief overview of the
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TPC and operating principle, is followed by further detailed
description of individual components provided in Section 1.
The performance of the SπRIT TPC is demonstrated using
cosmic muons and selected data from the experimental cam-
paign in Section 2 followed by the conclusions.

The design and operating principles of the SπRIT TPC are
illustrated by Fig. 1. To avoid strong
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effects, the main electric and magnetic fields in a TPC are
usually parallel or antiparallel, linking the geometry of a TPC
design strongly to the geometry of its magnet. The SπRIT
TPC is rectangular, designed to work with the Superconduct-
ing Analyzer for MUlti-particles from RAdioIsotope beams
(SAMURAI) dipole magnet5. Its pad plane and wire planes
lie perpendicular to the magnetic field and are located at the
top of the detector. The field cage produces a uniform electric
field anti-parallel to the magnetic field. It is filled with gas at
just above atmospheric pressure to eliminate the possibility of
air entering into the field cage.

During the 2016 experimental campaign, the TPC was filled
with P10 gas (90% Argon, 10% CH4), and used to mea-
sure the collisions of Rare-Isotope (RI) beams with fixed tar-
gets located at the entrance of the field cage of the TPC.
The focus of these experiments was to study central nucleus-
nucleus collisions. The centrality of these collisions can be
assessed by counting the number of charged particles (multi-
plicity) emitted in these collisions; this multiplicity generally
increases as the impact parameter for the collision decreases.
As these charged particles pass through the P10 gas within the
field cage, they ionize molecules in the gas mixture, creating
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FIG. 1: Operation principle of the SπRIT TPC.

electron-ion pairs. The positive ions drift downward toward
the cathode plate, while the electrons drift upward toward the
ground wire plane. The high voltage (HV) potential between
the ground and anode wire planes accelerates the drifting elec-
trons, giving them sufficient energy to liberate additional elec-
trons from the gas. The additional liberated electrons will also
be accelerated, freeing more electrons. This sequence of ion-
ization produces an avalanche of electrons. Thus the region
between the ground and anode wire planes is known as the
avalanche region. The electrons terminate on the anode plane,
and the motion of the positive ions produced in the avalanche
region induces an image charge on the pad plane, creating a
signal large enough to be amplified and digitized by the read-
out electronics.

I. SπRIT TIME PROJECTION CHAMBER

Many aspects of the design of the SπRIT TPC resemble
that of the EOS TPC6, as both detectors measured heavy ion
collisions in fixed target mode within a dipole magnet of sim-
ilar design. The SπRIT TPC operates within the SAMURAI
dipole5, which has a magnet diameter similar to that of the
HISS dipole7 that housed the EOS TPC, but the SAMURAI
dipole has a smaller usable gap of 75 cm. Table I lists some
of the SπRIT TPC operating parameters.

An exploded view of the SπRIT TPC is shown in Fig. 2,
with key components labeled. To facilitate the description of
the TPC, we define a coordinate system of the TPC relative to
the pad plane, with the origin and axis shown in Fig. 2. By
convention, the z dimension lies along the beam axis. The y
dimension lies along the direction of the magnetic field, which
points upward and the x dimension is defined to be consistent
with a right-handed Cartesian coordinate system. For clarity,
directional descriptions (top, bottom, etc.) are indicated in the
inset.

The top plate provides the rigid mounting surface for the
readout electronics, pad plane, wire planes, target mechanism,
and field cage. Unlike the EOS TPC, we position the wire
planes at the top of the field cage, which is attached to the top

TABLE I: Properties of the SπRIT TPC

Pad plane area 134.4 cm × 86.4 cm
Number of pads 12,096 (112 × 108)
Pad size 1.2 cm × 0.8 cm
Drift distance 50.5 cm
Electronics sampling frequency 40 MHz
Signal shaping time 117 ns
Electronic noise 800 qe
Gas pressure 1 atm
Typical gas composition 90% Ar + 10% CH4
Gas gain ∼1000
Electric field 125 V/cm
Magnetic field 0.5 T
Drift velocity 5.5 cm/µs
Event rate 50-60 Hz
Typical track multiplicity 60
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FIG. 2: Exploded view of the SπRIT TPC, with key
components labeled and direction indicators in the inset.

plate. This configuration helps to protect the pad plane and
wire planes from falling objects and facilitates in the convec-
tive removal of the heat generated by the TPC readout elec-
tronics located on top of the TPC. The voltage step down,
which safely interfaces the high voltage of the cathode to
ground, is located at the bottom of the enclosure. As discussed
in more detail later, the voltage step down defines the electric
field between the high voltage of the cathode with the outer
enclosure, and is designed to safely allow electric fields up
to 400 V/cm, much higher than would otherwise be possible.
This makes it possible to use gases with lower drift velocities
such as H2 or He-CO2 within the TPC. The first experimen-
tal campaign ran in fixed target mode, with metallic Sn target
foils located 8.6 mm upstream of the entrance window of the
field cage, using P10 as the counter gas.

The following subsections give detailed descriptions of var-
ious parts of the TPC identified in Fig. 2.
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A. The Rigid Top Plate

The rigid top plate is made of aluminum, with a set of alu-
minum ribs affixed to the sides. These ribs contribute to the
rigidity of the top plate, and provide support for the weight
of the front end electronic modules of the Generic Electronics
for TPC8 (GET) system. The rigidity of the top plate ensures
that the pad plane remains flat, and the distance from wire
planes to pad plane remains fixed. The GET electronics pro-
vides 12 bit readout (4096 channels) of the pad signals. This
is important for achieving the wide dynamic range in energy
loss required for the scientific program of the SπRIT TPC.
Both options for complete-readout of all channels and partial-
readout of individual channels above specified thresholds are
available. Due to the high charged particle multiplicities of
the events of interest in the first experimental campaign, how-
ever, there was no advantage to use the partial-readout mode.
All channels were read for each event instead. A detailed de-
scription of the implementation of the GET electronics with
the SπRIT TPC is provided in Ref. 9.

B. Pad Plane and Wire Planes

The SπRIT TPC utilizes a Multi-Wire Proportional Cham-
ber (MWPC) configuration, with an anode and ground plane
defining an avalanche region which produces signals on a
charge-sensitive pad plane. An additional wire plane, referred
to as the gating grid, is used to control the flow of electrons
into the avalanche region and to prevent the back-flow of pos-
itive ions into the larger field cage volume. The pad plane and
wire planes are mounted on the bottom side of the rigid top
plate, which corresponds to the top of the field cage, as shown
in Fig. 2.

This choice of multi-wire gas amplification versus a GEM10

or MICROMEGAS11 gas amplifier has both advantages and
disadvantages. One disadvantage is that wire planes require
considerable labor to construct. Another is the requirement
for a gating grid to prevent backstreaming of positive ions
produced at the anode wires during the gas amplification pro-
cess. Opening and closing this gating grid introduces dead-
time. Neither disadvantage has proven problematic for the
SπRIT TPC experimental program. On the other hand, there
are advantages to our multi-wire gas amplification choice be-
cause its wire amplification geometry induces useful image
charges over both the central pad and the adjacent pads. Us-
ing the pad distribution function and the charge deposited on
adjacent pads one can determine track centroids. More im-
portantly, since the induced charges on the neighboring pads
are roughly a factor of five smaller than the charge induced in
the pads directly below the track, the pad response function
can be used to extend the energy loss measurement dynamic
range by a factor of five With the software algorithm described
in Ref. 12.

The schematic drawing at the top of Fig. 3 shows the rel-
ative positions of wires below the pad plane. The photo rep-
resents a view looking upward from below the wire planes.
Fig. 4 is the side view, showing different heights of the wire

FIG. 3: Photograph of the pad plane and wire planes. The red
dashed line shows the outline of a single wire plane section,
which is shown schematically from the side in the top panel,

with dimensions in mm.

planes. The physical properties of each wire plane are listed
in Table II. The anode plane, made with 20 µm diameter gold
plated tungsten wires13, is 4 mm below the pad plane, with a
pitch of 4 mm between wires. The ground plane, made with
75 µm diameter beryllium copper wires14, is 8 mm below the
pad plane, with a pitch of 1 mm between wires. The gat-
ing grid plane, made with 75 µm diameter beryllium copper
wires14, is 14 mm below the pad plane with a pitch of 1 mm
between wires. The wire planes are separated into 14 sections,
with each section spanning 10.4 cm along the beam axis, and
stretched across the width of the pad plane. Each section con-
tains 26 anode wires, 104 ground wires, and 104 gating grid
wires. The wires are positioned to be symmetric across the
center of each pad, with every third anode wire centered below
a pad, and every fourth ground and gating grid wire centered
below an anode wire. Fig. 3 shows the outline of a single wire
plane section with a dashed line.

The ground plane is normally grounded to the TPC enclo-
sure. We implement a switch with an option to remove this
ground connection in order to pulse the ground plane. Pulsing
the ground plane induces signals uniformly in the pad plane,
allowing the gain and the zero offset of the pad plane elec-
tronics to be determined without using radioactive source or
beams15. In general, the electronics behaves quite uniformly.
Fig. 5 shows the distributions of the pedestals for all 12,096
channels, plotted in log scale. The RMS is found to be 5.4
ADC channels (full scale is 4096 channels) with standard de-
viation of 0.35 ADC channels15.

By pulsing the ground plane with voltages ranging from 0
to 8 Volts, we can calibrate and match all 12,096 channels.
The left panel of Fig. 6 shows the voltage vs. ADC channels
results for all 12,096 channels. Only two channels deviate
significantly from the others. Once they are calibrated to the
voltage, all points (including the two outliers) collapse onto
an universal calibration curve shown in the right panel. The
standard deviation of the gain distribution is reduced by more




