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Automatic nuclear emulsion readout system has been developed at Nagoya University since
1970s. To perform new experiments with much larger area of nuclear emulsion, a new system
HTS with almost 100 times faster speed were developed in 2015. We will report the design, the
performance and detectability of the shorter tracks.
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1. Introduction

Nuclear emulsion have developed ingenious research on cosmic ray, high energy physics ow-
ing to its high spatial resolution. In Nagoya University automatic nuclear emulsion readout system
has been developed and improved since the 1970s. In order to realize even larger scale experiment,
we have developed a new generation readout system HTS. The HTS has been used for GRAINE
project for cosmic gamma-ray observation [1], neutrino experiment NINJA [2], cosmic-ray muon
radiography project and fast neutron measurement.

2. Nuclear emulsion readout system and its evolution

The nuclear emulsion is a three dimensional track detector capable of recording the tracks
of charged particles with submicron spatial resolution. The tracks are read by automatic nuclear
emulsion readout system which is a combination of microscope, automatic stage and computers.
The speed of the readout system has been improving every generation. S-UTS developed in 2006
realized a readout speed of 72 cm2/h [3]. The Hyper Track Selector (HTS), which was newly
developed in 2015, was designed with the speed of more than 100 times faster than the previous
model as shown in Fig. 1. Now, the HTS has operated at the speed of 4700 cm2/h at maximum.

Parallel image processing computers
Recognize tracks from taken images at the 
rate of 30 GB/s using GPU in real time.

High speed precision stage
Drive the stage at high 
speed and low vibration 
with using counter stage

Wide field 
objective lens

72ch image sensors
6 camera units equipped 
with 12 image sensors of 
2 megapixel per each.

Figure 1: Photo of the HTS and its components.

3. Technology of HTS

The largest feature of the HTS is that the field of view is 500 times as large as that of the
previous. In order to digitize the images at the same pixel interval as the previous, more than 100
million pixels are required. To realize the high resolution and high frame rate, a field of view is
divided into 72 areas and the 72 image sensors are used. The HTS reads tomographic images at a
speed of ∼30 GB/s using 72 high-speed image sensors. The HTS outputs the tracks data from the
obtained images in real time with the parallel processing of 36 computers.
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Figure 2: Track finding efficiency of the GRAINE 2015 films.

4. Calibration of sensor alignment

Each sensor needs affine parameters for coordinate transformation, because the HTS reads
images in parallel with multiple sensors. The parameters sometimes change. Therefore, we have
developed a method to calibrate this affine parameters.

All the sensors of HTS have four adjacent sensors. We developed a method to find appropriate
positions of all sensors by using positional displacement with using real tracks of two adjacent
sensors. The positional accuracy of the track becomes less than 0.3 µm. As a result, assuming a
plastic base of 170 µm, the angular accuracy of the base track corresponds to less than 2 mrad. The
details will be written in other papers.

5. Performance evaluation

We evaluated base track finding efficiency and angular accuracy by using a nuclear emulsion
films used for GRAINE 2015 flight [4]. The track finding efficiency was defined as the proportion
of the number of tracks found in a certain film to the number of tracks that could be connected
by the next film. As shown in Fig. 2, the detection efficiency of almost all the plates in the angle
range of θ < 45 degree is 95% or more. Also, the angular accuracy of the tracks was evaluated. As
shown in Fig. 3, the angular accuracy of 3 mrad or less on vertical tracks and less than 8 mrad in
the angle range of θ < 45 degree. The details will also be written in other papers.

6. A new approach of HTS for short track recognition

The HTS usually covers the penetrating tracks through nuclear emulsion films, i.e. high mo-
mentum tracks. However, we also want to detect halfway tracks, i.e. tracks started or stopped in
emulsion layer, because the recoil nuclei induced by fast neutron, short lifetime particles and low
energy tracks are also important.

Now, we have simulated the track finding efficiency for the halfway tracks under the similar
condition to HTS. We created tracks of various angles for each length and got the finding efficiency
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Figure 3: Angle dependence of angle accuracy for base tracks.

by the tracking program with maximum angular space tanθ < 2.7. The results are shown in Fig. 4.
Even though the track length is 20 µm, we found that the efficiency is more than 40%.

Figure 4: Length dependence of track finding efficiency.

7. Summary and prospect

We developed a new automatic nuclear emulsion readout system HTS that realizes 4700 cm2/h.
It is actually used for GRAINE experiments, neutrino experiments NINJA project, fast neutron
measurement and so on. In these experiments, it is important to understand the track finding effi-
ciency of short tracks of the order of 10 µm. We evaluated the detection efficiency for short tracks
less than the thickness of emulsion layer. We will investigate the actual track finding efficiency in
HTS.
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