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Abstract
Neutrino mixing angles and masses cannot be pre-

dicted with the Standard Model of Elementary Particle
Physics, but can be measured with experiments. The
knowledge of these parameters will provide insight into
physics beyond the standard model and construction of
new theory. The T2K long-baseline neutrino oscillation
experiment is currently being constructed in Japan. The
primary goal of T2K is the measurement of the mixing
angle θ13. The installation of the near detector com-
plex is in progress and is expected to be completed by
December 2009.

The Side Muon Range Detector (SMRD) is one of
the off-axis detectors, placed in the direction to Super-
Kamiokande (SK). This detector is designed as multi
layered structure with plastic scintillators and iron of
magnet yokes to measure the energy of large scattering-
angle muons from neutrino interactions and to provide
a cosmic ray trigger for other sub-detectors. The light
yield and position resolution of SMRD counters were
measured with cosmic rays. The measurement result
and installation status are reported.

1. Introduction
The T2K (Tokai to Kamioka) experiment [1] is a sec-

ond generation long-baseline neutrino oscillation exper-
iment and currently being constructed in Japan. The
goals of T2K are measurement of the neutrino mixing
angle θ13 (the sensitivity for sin22θ13 : > 0.006) and pre-
cision measurement of the mixing angle θ23 and the mass
difference ∆m2

23 (δ(sin22θ23) = 0.01 and δ(∆m2
23) =

10−4 eV2). The T2K off-axis νµ beam is generated with
the 50 GeV proton synchrotron, initially 30 GeV, at J-
PARC (Japan Proton Accelerator Research Complex).
The beam direction is inclined 2.5 degree from the far
detector, Super-Kamiokande located 295km away. This
beam allows us to measure the oscillation parameters
with the neutrino energy of 500 ∼ 700 MeV, which
gives the oscillation maximum at SK. Construction of
the beam line was finished in early 2009 and now it is
being commissioned.

The near detector complex, ND280 [2][3], is designed
to measure the property and interaction cross-sections
of ν beam before its oscillation. It is located 280 m
downstream from the hadron production target. The
ND280 mainly consists of two parts:
• On-Axis detector (INGRID), placed on the beam

axis for the direct measurement of the ν beam di-
rection and profile.

• Off-Axis detectors, placed on the direction to SK
for the measurement of the neutrino beam flux, en-
ergy spectrum, flavor contents and neutrino cross-
sections.

Fig. 1. ND280 off-axis detec-
tors. SMRD is installed in
the Magnet yoke.

Fig. 2. SMRD scintillation
counter. The WLS fiber
is implanted in S-shaped
groove.

2. Side Muon Range Detector
The side muon range detector (SMRD) is one com-

ponent of the off-axis detectors (Fig.1.). The goals of
SMRD are :

1. energy measurement of muons generated in charged
current neutrino interactions.

2. identification of backgrounds from beam neutrino
interactions in the magnet yokes and the walls of the
experimental hall.

3. provision of cosmic ray trigger signals for the cali-
bration of inner detectors.

The SMRD is designed as multi layered structure with
plastic scintillation counters and iron yokes of the UA1
magnet, which provides a horizontal uniform magnetic
field of 0.2 T for the off-axis detectors. Each magnet
yoke is made of sixteen 48 mm iron plates with 17 mm
air gaps between them. Horizontal and vertical mod-
ules, which are the bundles of scintillation counters, are
inserted into the gaps. The number of counters for the
horizontal module is 4 and for the vertical is 5. The
horizontal modules are installed as 3 layers for all of the
magnet yokes and the vertical modules are installed as 3
layers for the 5 upstream yokes, as 4 or 6 layers for the
3 downstream yokes.

The dimensions of the counters for vertical and hor-
izontal gaps are 876 × 175 × 7 mm3 and 876 × 167 × 7
mm3, and the total number of installed counters is 2008.

The Polystyrene based scintillator slab with a diame-
ter 1 mm wave length shifting (WLS) fiber in a S-shaped
groove form a SMRD counter (Fig.2.) [4]. The counters
were made by extrusion at Uniplast in Vladimir and as-
sembled at INR RAS. The optical readout is performed
with two 667 pixel Hamamatsu MPPCs [5][6] which are
attached to both ends of the WLS fiber. The size of sen-
sitive area of the MPPC is 1.3 × 1.3 mm2. This SMRD
counter design allows us to reduce the number of photo-
sensors while maintaining high light yield of the counter.
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3. Cosmic Ray Test of SMRD Counter
A mass production horizontal counter was tested with

cosmic rays to produce a light yield map and to estimate
the position resolution. In this test, MPPCs of the same
type as chosen for the SMRD are used as the readouts.
The inner 860 × 160 mm2 region of the SMRD counter
was scanned with the cosmic trigger. The trigger is 3
layers structure which consists of twelve 80×20×10 mm3

plastic scintillators. The scintillators are arranged with
the alternate axes, and the coincidence of the 3 layers
gives the cosmic trigger for each 20 × 20 mm2 division
on the SMRD counter.

The SMRD counter’s ADC distributions are analyzed
for the light yield map (Fig.3.). Both of MPPCs ac-
quired about 40 photoelectrons for a muon penetrating
near each of them and 25 p.e./MIP at the center of the
counter. Total of these MPPCs’ light yields is more than
30 p.e./MIP for all of scanned regions. The detection ef-
ficiency was found to be better than 99% for all of the
counter. A Poisson distribution with threshold of 2.5
p.e. was assumed for the calculation.
Time difference between the left and the right MPPC
(TDCleft and TDCright) is measured at each position
with TDC in 20 GHz mode. Fig.4. shows the time dif-
ference map and a typical histogram of the time differ-
ence. The signal propagation velocity along the long-
axis is calculated as 6.55 cm/ns from the linear fitting
of TDCleft − TDCright. The non-linearity is estimated
from the past measurement as ∼ 2% of the dynamic
range. The position resolution is also calculated as 6.1
± 0.8 cm from the velocity and the distribution of the
standard deviation of TDCleft − TDCright.

Fig. 3. The light yield map in photoelectrons. The axes are
the dimensions of SMRD counter, and the black line shows
the WLS fiber. Upper figure is the light yield with one-sided
readout and lower shows the sum of both signals at each po-
sition.

4. Current Status of SMRD
From February to July 2009, the SMRD module as-

sembly and installation work took place in J-PARC.
2008 SMRD counters and 4016 MPPCs, signal cables
and temperature sensors were assembled into 440 SMRD
modules. Every SMRD counter was confirmed to give
more than 25 p.e./MIP at both ends with cosmic rays
before installation. Every MPPCs’ waveform was also
checked before and after installation in J-PARC. All the
SMRD modules, 128 Trip-T Front-end Boards, 4 Read-
out Merger Modules, 1 Cosmic Trigger Modules, 4 Front-
end Processing Nodes, 2 Clock Modules, 4 Trip-T Power
Supplies and Power Distribution Panels are successfully
installed inside the neutrino experimental hall.

Fig. 4. The mean value map of T DCleft − T DCright. The
histogram shows the TDC difference distribution in a division.
The distributions are fitted with the Gaussian function and
the mean values are mapped in this figure.

In August 2009, the SMRD commissioning started
and pedestal as well as cosmic muon runs have been
taken. One early cosmic event of the SMRD is shown
in Fig.5.. All electronics works fine, although there are
∼ 5 bad MPPC channels.

Fig. 5. An event view of the cosmic triggered run, observed in
July 2009. The track of a cosmic ray is recognizable.

5. Summary
T2K long-baseline neutrino oscillation experiment is

under construction in Japan. The installation of near
detectors is performed toward the physics run of this
winter. In XXIX PHYSICS IN COLLISION, the current
status of the Side Muon Range Detector, one component
of the off-axis near detectors, was reported.

The performance of the Side Muon Range Detector
counter was tested with cosmic rays. The SMRD counter
provided the light yield more than 30 p.e./MIP in total of
the MPPCs’ at both ends. The detection efficiency was
found to be better than 99% from the light yield. The
position resolution of the counter was also estimated as
6.1 ± 0.8 cm with the signal timing measurement.
Installation of SMRD was completed at the end of July
2009. The detector and DAQ allowed us first data tak-
ing. The SMRD is still being commissioned with cosmic
ray trigger runs and pedestal runs toward the physics
run of this winter.
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