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JEM-EUSO (Extreme Universe Space Observatory on the Japan Experiment Module
(JEM) of the International Space Station (ISS)) is a space mission to observe extremely
high-energy cosmic rays. JEM-EUSO is a wide-angle refractive telescope in near-ultraviolet
wavelength region to observe time-resolved atmospheric fluorescence images of the extensive
air showers from the ISS. JEM-EUSO is currently considered by the Japan Aerospace Ex-
ploration Agency (JAXA) for a possible payload on the JEM-Exporsure Facility of the ISS.
This paper describes the JEM-EUSO mission over view.

§1. Introduction

EUSO (Extreme Universe Space Observatory) is a new type of observatory that
uses the whole earth as a detector including the International Space Station (ISS)
where a remote sensor is located. It observes transient luminous phenomena taking
place in the earth’s atmosphere caused by particles and waves coming from space.
EUSO was originally selected by the European Space Agency (ESA) as a mission at-
tached to the European Columbus module of the ISS. The EUSO phase-A study has
been successfully completed in June 2004 under ESA. However, because of financial
problems in ESA and European countries, the start of phase-B has been postponed
for a long time. Japanese and U.S. teams re-define EUSO as a mission attached to
the Japanese Experiment Module/ Exposure Facility (JEM/EF) of ISS. They re-
named it as JEM-EUSO (EUSO on Japanese Experiment Module) and started the
preparation study targeting the launch of 2013 in the frame work of the second phase
utilization of JEM/EF utilization. JEM-EUSO is planned to be launched by HII B
rocket and conveyed by HTV (H-II transfer Vehicle) to ISS.
The sensor is a super wide-field telescope that detects extreme energy particles with
energy above 1020eV. The sensor orbits the earth every ∼90 minutes on board Inter-
national Space Station (ISS) at the altitude of ∼430km. An extreme hight energy
cosmic ray collides with a nucleus in the earth’s atmosphere and produces an Exten-
sive Air Shower (EAS) that consists of numerous electrons, positrons, and photons.
JEM-EUSO captures the moving track of the fluorescent UV photons and reproduces
the calorimetric development of EAS.

typeset using PTPTEX.cls 〈Ver.0.9〉



2 Y. Takizawa et al.

The JEM-EUSO telescope has a super-wide Field-Of-View (FOV) (30◦) with two
double sided curved Fresnel lenses and records the track of an EAS with a time
resolution of 2.5µs and a spatial resolution of about 0.75 km (corresponding to 0.1
degrees). These time-segmented images allow determining the energies and direc-
tions of the primary particles. The focal surface of the JEM-EUSO telescope is
formed by about 6,000 multi-anode photomultipliers. The number of pixels is about
two hundred thousands.
JEM-EUSO reduces the threshold energy down to around 1019eV and increases
the effective area by means of advances in technology and to superior features of
JEM/EF. The reduction in the threshold energy is realized by 3 improvements as
following.

(1) New lens material and improved optical design
(2) Detectors with higher quantum efficiency
(3) Improved algorism for event trigger

The increase in effective area is realized by inclining the telescope from nadir
which is named as tilted mode(Fig.??). In this tilted mode, the threshold energy gets
higher since the mean distance to EAS and atmospheric absorption both increase.
First half of the mission lifetime is devoted to observe lower energy region in nadir
mode and second half of the mission to observe high energy region by tilted mode.

Fig. 1. JEM-EUSO telescope attached to the Japanese Experiment Module of the International

Space Station. Left is Nadir mode, right is Tilted mode.

§2. Instrument

Details of the instrument are shown elsewhere Y. Kawasaki et al.?

2.1. Optics

A double Fresnel lens module with 2.5 m diameter is the baseline optics for the
JEM-EUSO Telescope, which observes the 330 nm - 400 nm optical bandwidth. Its
telescope has a full angle FOV of 60◦ and a 6 arcmin (= 0.1◦) angular resolution.
JEM-EUSO choice for the optics material is UV transmitting fluoropolymer (CY-
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TOP, ASAHI GLASS CO.,LTD. JAPAN), which has about 50% smaller dispersion
than UV-PMMA-000 (EUSO, ESA-Phase A Optics material). CYTOP has high
UV transparency as 99% (15mm thickness) in the 330nm - 400nm wavelength range.
JEM-EUSO overall light-collecting power is about 1.5 times higher than ESA-Phase
A optics.

2.2. Focal surface detector

The focal surface of JEM-EUSO is a curved surface of about 2.5m in diame-
ter, and it is covered with about 6,000 multi-anode photomultiplier tubes (Hama-
matsu R8900-M36 MAPMT?). The output pulse signals of the MAPMT are sent to
ASICs (Application Specific Integrated Circuit) which are included in the front-end
electronic circuits. For the improvement of the photon detection efficiency, we are
considering the following options, 1) High quantum efficiency MAPMT and 2)SiPM.
We designed an advanced trigger scheme without requiring additional power to fit
telemetry budget.

§3. Science targets

Details of the science targets are shown elsewhere Y. Takahashi.? JEM-EUSO
will open up new-astronomy of EHE particles with, by far, improved statistics (more
than 1,000 events). It will detect almost one thousand events above 1020 eV in its
five years operation. GZK (Greisen-Zatsepin-Kuz’min) process?,? makes trans-GZK
complex in the energy spectrum.?,? It consists of:
(1) Steeper slope at (5 − 10) × 1019eV, so called GZK-cutoff.
(2) GZK bump at (4 − 8) × 1019eV. It is formed by particles that come from the

distance of several or several dozen of DGZK , loosing energy and creating new
particles on their way.

(3) Ankle region feature around (0.3 − 3) × 1019eV (highly red-shifted GZK-bump
made by particles coming from cosmological distances).

(4) GZK recovery, that starts from 3 × 1020eV. This is made from particles within
distances smaller than DGZK .

Trans-GZK complex, as a whole, reflects the history of the Universe. JEM-
EUSO will determine (1), (2) and (4) of trans-GZK complex, with by far a higher
statistics than other existing ground based experiment. These three features give us
the absolute energy calibration for the fluorescence method. The detailed comparison
with the results of ground-based experiments allows us to unite the energy spectra
in the ankle region. The energy spectra reported by different experiments differ
significantly each other. JEM-EUSO will figure-out this trans-GZK complex.

JEM-EUSO also determines the origin of EHECR particles by analyzing their
arrival direction. Arrival directions of EHECR are determined with the accuracy
better than few degrees. A particle with energy of 1020eV is deflected less than one
degree (in the case of proton) by the galactic magnetic field and directly arrives to
the Earth from its origin. Therefore, if we can trace back the arrival direction, we
can reach the production point of that particle. The arrival direction analysis is
divided into point source analysis and global analysis.
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First, in the point source analysis, events are clustered within circles with size
equivalent to the instrumental resolution. In fact, AGASA experiment reported that
events over 4 × 1019eV have a significant tendency to be grouped into clusters.? If
they come from isotropically distributed sources in three-dimensional space, about
1000 events separate into several dozen clusters.

Next, in global anisotropy analysis, arrival directions are integrated for spherical
harmonics and the significance in each component is studied. This analysis reveals
that the sources of EHECR belong to our galaxy or to the local super cluster. In
such analysis, the exposure must be uniform over the whole sky. The inclination of
ISS is 51.6 degree, JEM-EUSO will observe both north and south sky with uniform
exposure for the whole sky.

Furthermore, JEM-EUSO can detect EHE neutrinos through a horizontal EAS
that takes place deep in the atmosphere (Horizontal Air Shower: HAS) and upward
going EAS (Upword-going Airshowers: UAS). Later one is produced by tau-neutrino
interacting with nuclei in the interior of the earth. Since an EHE particle certainly
exists, extreme energy neutrinos must exist. Neutrino that have much smaller inter-
action cross section with matter can escape from the emitting region not blocked by
matter nor magnetic field and can propagate to cosmic distance: we can distil the
information from them.

§4. Summary

Japanese and U.S. teams re-defined EUSO as a mission attached to Japanese
Experiment Module/Exposure Facility (JEM/EF) of ISS. They renamed it as JEM-
EUSO and started the study targeting the launch of 2013 in the framework of second
phase of JEM/EF utilization.

Acknowledgements

This work is supported by NASA, RIKEN and JAXA, and by 8 other countries
of the JEM-EUSO Collaboration, namely, USA, France, Italy, Germany, Korea,
Mexico, Russia and Switzerland. This paper is represented by the Author for the
JEM-EUSO Collaboration.

References

1) Kawasaki Y. et al., this conference.
2) Kawasaki Y. et al., Nucl. Inst. and Meth. A, 564, 378 (2006).
3) Y. Takahashi, this conference.
4) Greisen, K., Phys. Lett. 16, 148 (1966).
5) Zatsepin, G. T. and Kuz ’min, V. A., JETP Phys. Lett. 4, 78 (1966).
6) Stecker, F.W. Nature, 342, 401, (1989),.
7) Berezinsky,V.S. and Grigorieva, S.I, Astron.Astrophys. 199, 1 (1988)
8) Takeda, M. et al., Astrophys. J., 522, 255 (1999).


