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Abstract: JEM-EUSO (Extreme Universe Space Observatory on Japaneseifieptal Module) is a space-based new
type observatory to explore the extreme-energy-region Universariicie channel. In the present work, we estimated
the effective aperture of the current baseline configuration of the-BEI8O telescope in observing extreme energy
cosmic rays. We tested the effect of the qualty cut among observetsesdair showers for cross-calibration with other
experiments. We also demonstrated several advanges for thelsmsestJEM-EUSO observation.

Keywords: Extreme energy cosmic rays, JEM-EUSO, extensive air showers

1 Introduction By means of air fluorescence technique, the observation of
EECRs depends upon extensive air showers (EASs) phe-
The origin and existence of extremely energetic cosmigomenon initiated by primary EECRs. This technique has
rays (EECRs; referred to as ones with enerdigssev- been developed by several ground-based fluorescence tele-
eral~ 10'” eV and higher) remains an open puzzle in th&copes, however, never been practiced in space. From the
contemporary astroparticle physics. Possible indicatafn orbit, EAS event is observed as a luminous spot moving at
sources or excess of EECRs in Celestial Sphere have béba speed of light. For the event with an enefgy= 102
claimed by ground-based experiments [1, 2, 3], despite tha¥, for example, the EAS development results in emission
capable sources are most powerful objects within limite@f an order ofL0'® fluorescence photons depending on the
distances by the Greisen-Zatseptin-Kuzmin effect [4, 5genith angled of EAS. The telescope receives an order of
To investigate this puzzle, studies of energy spectrum aridlousands of photons per square meter aperture.
arrival directions of EECRs against their extremely lowBy monitoring night Earth with a wide field-of-view (FOV)
fluxes of 1 or fewer in ki per century, are essential. Thetelescope, a series of advantages and scientific merits are
size of observation area is therefore critical factor. expected. When the JEM-EUSO telescope points to the
JEM-EUSO (Extreme Universe Space Observatory oradir (nadir mode), unique geometry between EAS and
board Japanese Experiment Module) is the observatoi§iescope provides less uncertainty in EAS reconstruction
for EECRs [6, 7]. The JEM-EUSO telescope will be ac-due to well-constrained EAS-to-telescope distance. Gbser
commodated on JEM/Exposed Facility of the Internationalations over the orbit will cover the entire Celestial Sgher
Space Station (ISS). The scientific objectives include aghat allows searching any direction for EECR sources and
tronomy and astrophysics through EECR channel and othter global arrival direction distribution. For scientifide
exploratory objectives [8] such as detection of extreme eijectives, the most essential merit is the observation aea f
ergy gamma rays and neutrinos. larger than ground-based telescope. We also plan to tilt the
telescope off the nadir toward the horizon (tilt mode) that
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enhances the projected FOV on the Earth’s surface to allow
more effective observation at higher energies.

In the present work, we focus on the aperture of the JEM- % | i
EUSO trigger system for EECR observation. We will dis- § | | MssZd00km g
cuss relevant issues to estimate the exposure of the data. s — l,."'//f
§105 ,'ll(
2 Apparatus and observation conditions ° L
Apparatus The main part of the JEM-EUSO telescope - —_‘__'j/
consists of anv 4-m?-aperture optics with three Fresnel
lenses [9] with aspherical curved focal surface (FS) cov- 01020 30 40 50 60 70 80

80 90
Tilting angle [°]

ered by about 137 photodetector modules (PDMs) [10].

Each PDM is composed with 36 multi-anode photomul-

tiplier tubes (MAPMTSs) with ultra-bialkali photocathode Figure 1: Observation area as a function of tilting angle for
with 64 channels [11]. PDMs are aligned on FS to maxdifferent altitudes of 400 km (solid line), 350 km (dashed
imize the observation area. In the baseline design, abdirte) and 430 km (dotted line).

5000 MAPMTSs are deployed and thus the total number of

pixels is~ 3 x 10°. symmetrically cut with at0° seg-

ment. The spatial resolution for each pixel corresponds to (nadir) b

~ 0.07° or ~ 0.5 km on the Earth’s surface for an orbit Aobs(€) & Agp, (cos &) @
altitude Higs ~ 400 km. For each pixel, data is acquiredwhereb ranges3.2-3.4 for the altitude of interest. In this
with every 2.5us (gate time unit) when the two consecutiveregion A, increases witl§. Aroundzi ~ 40— 50 degrees
levels of trigger schemes are activated[12]. These triggélepending upoiiisg, a part of FOV views the sky over the
schemes are referred to persistent track trigger (PTT) amstal horizon and4,.,s saturates above~ 60°.

line track trigger (LTT). Each scheme searches individual

PDM for localized or aligned excesses of signals. Thresh- _
old levels for PTT and LTT are dynamically set to fit the%ackground and doudimpact The level of background

rates within hardware requirement and telemetry budget.(BG) noIse IS a key parameter to dgﬁne the observation and
schemes that yields the observation duty cyglas well.

The first order constraint fon, is astronomically deter-
Orbit and observation area The orbit of the ISS has an mined by the ISS transit over terminator. Héfsg ~ 400
inclinationi = 51.6° with Higg ranging in 278-460 km km, the average fraction of nighttime is 33% at the or-
by the operational limit. The sub-satellite speed and paital altitude. By applying the upper limit of the BG flux in
riod are~ 7 km/s and~ 90 minutes, respectively. Apart UV range of 300-400 nm less than 1500 photorfrar—!,
from effects by orbital decay and operational boost-up, thg, corresponds te- 20% (see [15] for details). In this cri-
ISS motion is approximated as a circular motion with anerion, the average background fluxis500 photons nt?2
eccentricity of practically 1. Among these elemerfiggs  sr! ns! (referred to ‘average BG level’). Note that the
is widely variable throughout its operation and so far hagresence of the Moon with its phase close to New Moon
range between 350 and~ 400 km. is included in operational time as JEM-EUSO telescope is
The ‘observation area’ of JEM-EUSO which depends upo@nly affected by the illumination of Earth’s surface.
tilting angle ¢ off the nadir andHiss is estimated by ray The impact of clouds is estimated by the global secular
trace simulations [9, 13] for isotropic light source viewedstatistics of the optical depth and cloud-top altitude [16]
by the FS detectors. In the following we defined it as theonvolved with the trigger probability for each case. The
projected area on the Earth’s surface from which the matfigger aperture for the time-average cloudy condition is
ray of photons are detected within outer most boundaries 80% above~ 5 x 10%° eV in comparison with that

of the FS detector. for the cloud-free case. Applying quality cut for events
Figure 1 shows the observation area as a function of tiltingith shower maximum above the optically thick clouds, the
angle for differentd;sg = 350, 400 and 430 km. overall impact factor is estimated to be. ~ 70% above

19 i
For the baseline layout of 137 PDMs, the observation arex* 10" €V (see [17] for details).

A2 o1 nadir mode is a function offjss expressed by:

obs

3 Simulation and results

nadir o SS ?
AP )~ 14 x 10° - ([ —— 1
ovs (K10 % 400[km] @) Simulation In the present work, we employed the ESAF
(Euso Simulation and Analysis Framework) [18, 19]
adapted into the present JEM-EUSO baseline configura-

tion. The software is written in C++ using an object-

With tilting anglest up to~ 40°, the observation ared,,s
is approximated as follows:
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where Sy andQy = = [sr] for § = 0° — 90° are the area
log(Energy V), and the effective solid angle, respectively, in which unifo
; EAS flux is assumed. To evaluate full geometrical aperture,
we appliedSy > Agps to take into account EAS crossing
FOV with a core location out of the observation area.

By applying the geometrical selection for good quality
events by core location distanéefrom the center of FOV
and lower limit of zenith anglé..., subset of geometrical
aperture for a given energy is expressed as follows:
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] wheree(6, 7) is the probability of trigger at the location of
10 7 with respect to the correspoding position on Earth’s sur-
face to the center of FOV. The amount of light produced
in EAS increases with zenith angle since the apparent EAS
track becomes longer before being truncated at Earth’s sur-
e. In the inner part of FOV, higher efficiency in trigger
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Figure 2: Geometrical aperture as a functionfgf Open
and closed circles indicate geometrical apertures for t
lﬁasnzllit:iii\?vf t4h0e0 c?:sde:fgf k(;?f}g?:rf’tegg\éi}g tﬁg;aéifsag?l expected due to better focusing power of the optics along
6 > 60° andR < 150 km, respectively. The vertical axis ith shorter EAS-to-telescope distance.

on the right represent annual exposure taking into accoufifgure 2 shows the geometrical aperture as a function of
observation duty cycle and cloud impact. Ey for Higs = 400 and 350 km. Effects of different geo-
metrical cuts id and R are also demonstrated. The scale

of annual exposure (growth in exposure by one-year op-
oriented programming approach and runs on the ROGQdration) is also shown on the right by taking into account
package [20]. EAS generation is based on the Gllyy, = 0.2 andxc = 0.7 (see caption and legend for details).
(Greisen-llina-Linsley) formulation [21] that reprodute At highest energies, the geometrical aperture for full FOV
the longitudinal development of hadronic showers sims aimost constant above (6 — 7) x 1019 eV. The sat-
lated by CORSIKA [22] with QGSJET interaction model;rated aperture is determined Hy., for given Hiss and
[23]. Fluorescence yield is a well recognized uncertaintyerefore the higher altitudes result in the larger apestur
for energy scale [24, 25]. In the present work, we assumgtmparing annual exposure to the Auger (7006 lemyr)
it by Naganoet al[26]. To estimate trigger aperture, wWe[14], it is expected to be- 9 times forHiss = 400 km.
simulated a large nu(Tag?rg of EAS. uniformly injected into a'}\pplying Bows — 60° cut to full FOV, while the effective
area far larger thar,,, . Hiss is set to be 350 and 400 4 angle reduces to/4 [sr], almost constant aperture is
km. Threshold levels for PTT and LTT trigger judgements, -hiaved above. (4 — 5) x 10'° eV. In addition, more

need to fit within permissible fake trigger rates, while it 'SstringentR — 150 km cut extends such range down to
preferable to keep as low as possible. For optimizations o3 <101 eV Itis worthy to mention that for lower

of thosg parameters, we generated a large amount of noi]%eSS shorter EAS-to-telescope distances increasés?)

simulations by STM code [13]. for the same energy. This results in the larger apertures and
enable better comparison with other experiments in more

Geometrical aperture Unless otherwise noted, we de-extended energy range.

fine ‘geometrical aperture’ based on the probability sat-

isfying second level LTT trigger condition by means ofynifor mity of exposure Unlike stationary ground-based

Monte Carlo simulations. The time-variant conditions Suc'&bservatories, global ISS orbit and better sensitivitts f

as cloud coverage or BG level are excluded in defip_ition. ,'[brgee EAS allow to scan the entire Celestial Sphere. The

the present work, we assume the clear sky condition witl, ,nqyre distribution is practically flat in right accessio

average BG level. The exposure growth per given time maynart from possible local or seasonal deviation from the

be evaluated by a product gf andrc in the previous sec- giopa| average of cloud coverage and BG level, the rela-

tion. The estimation herein is a preliminary result for thgjonship between expected overall exposure and declimatio

current baseline detector configuration for the nadir modeg.5, pe analytically expressed as a function of afly,

For N, trigger events among simulatéd,,;..; injected  knowing observable night time at a given latitude.

EECRs with an energy, the corresponding geometrical Figyre 3 shows expected distribution of triggered events

apertureA(Ey) is defined as follows: in declination for different.,; = 0°, 45° and 60° cuts

Noig compared with uniform distribution.

=50 - o () For the case of... = 60° cut, minor excesses and deficit
may arise in very limited parts near Celestial Poles and

A(Ey) =

inject
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the overall exposure results in almost uniform at the first
sing order. Such an advantage is more pronounced for arrival
direction analysis, especially against spread EECR seurce

Some results shown herein are in progress. Further details
on the general performance can be also referred in [28].
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