Extreme Universe Space Observatory

An Innovative Space Mission
doing Astronomy
by looking downward
from the Space Station
at the Earth Atmosphere
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! Extreme Energy Cosmic Radiation

Extreme Energy Cosmic Radiation (EECR): E>10%® eV.

¢ From the Astroparticle Physics point of view, the
EECRs have energies only a few decades below the
Grand Unification Energy (1074 - 10°% eV), although still
rather far from the Planck Mass of 10 eV,

® |f protons, they show the highest value for the Lorentz
factor observed in nature (y~ 10"},

® \What is the maximum Cosmic Ray energy, if there is
any limit?

® There is no compelling evidence for identification of
EECR sources with objects known in any astronomical
channel.

EECRs present us with the challenge of understanding
their origin in connection with problems in Fundamental
Physics, Cosmology and Astrophysics.

The Extreme Energy Cosmic Radiation with energy
greater than 10°? eV can be considered as the
“Particle” channel complementing the “Electromagnetic”
channel, specific of conventional Astronomy.

EUSO - Extrama Univarsa 5pace Observatary




_- The Cosmic Radiation

The observed energy spectrum axtends from 10 eV to > 10 eV,

Up to ~ 1075 eV (the “knee”):
® direction of arrival _ ,

® elemental composition|  ©f the primaries

Above 105 eV:

measurements are made by observation of the cascades

of particles (Extensive Air Showers, EAS) that result from

the interaction of a high energy Cosmic Ray with the

Earth's atmosphere.

For the Primary Parlicles:

® direction of arrival; through the EAS axis,

® energy: by calorimetry through the EAS process;

¢ clemental composition: indications through the
longitudinal development of the EAS. Neutrinos are
discriminated by the depth distribution of the shower
maximum. PRP—
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The Cosmic Radiation

Direction of arrival.
Neutrino and hadron error boxes.

|

z‘:‘ o :::‘:‘:“;ﬁ.. IS5
proton h
| (EZ10°" eV)

The neutrino error box is limited only by the EUSO angular
resolution while the proton error box is dominated by the

intergalactic magnetic fields.
Assumptions:
<B> = 1 nGauss
=d= = 30 Mpc
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h The Cosmic Radiation

Arrival distribution

Right Ascentianfdegree |
Significance map of events at energies between B8-<10""
and 2-10"® eV in equatorial co-ordinates observed by
AGASA. Direction of galactic centre (GC) and anti-centre

(ani-GC) are shown.

Equatorial Coordinales
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Supergalnctis Plase

Cosmic Ray armval distribution for E 10" eV,

EUSQ : Extrame Universe Space Observatory



‘ The Challenge

For EECRs wi > 10 V-

Only 20 events detected up to now.
Energy spectrum trend is unclear.

mography;
Arrival directions: isotropic 7

At optical or radio-astronomy wavelength:
no counterparts

Cluster of events: (Takeda et al. 1999)

Doublets and triplets for E=4>10% eV
(<2.5% and 1% chance) could indicate:
Long Lived Sources or Clumpiness or Focusing

EUS0 : Extrema Universe Space Ohservatory




h EECR Energy Spectrum
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Expected energy spectrum (in presence of the GZK
effect) from extragalactic sources distributed uniformly in
the universe (Takeda et al., 1998} and from sources at 64

and 16 Mpc, compared with the expernmental results. An
experimental energy resolution of 30% is convolved into

the expected curves. Expected curves are from
Hayashida et al., 1996.

(from M.Nagano and A A. Watson, 2000)
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EUSO Concept
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EUS0 : Extreara Universe Space Obsarvaiony
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: EUSO Expected Results

ISS; <h>=380 km lens 0 =26 m
duty cycle=T%

Left) - This is Fig.10 from Yoshida et al., AstroParticle
Physics 3, 1985, pp. 114: "Derived primary energy spectra
expressed by Egs. (11a) (solid line) and (11b) (dashed line)
and the expecled values in each bin simulated under the
assumptions of these spectra with the energy resclution of
the present experiment open sguares and crosses). Black
dots with error bars are the raw data. The case of a single
power up to the highest energy is also shown by a dotted line
and shaded circles.” The slope of the continuous line above
10" eV is 2.3; for the dashed line the slope is 2.7. The
superimposed red points are from Takeda et al., Phys. Rev.
Lett. 1998, 81, pp.1163 ..

Right) - EUSO counting rates under the hypothesis of the two
different spectral index (2.3 and 2.7) assumed.

EUSO : Extrame Universe Space Observatory |
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i Neutrinos versus Protons and Nuclei

Showers initiated very deep in the atmosphere indicate
an origin by neutrinos because of neutrino-air nuclei
interaction cross section hundreds times lower than the
cross sections for protons, nuclei, or photons.

-

— ' + ' 1 y 1 ' -
s I ~
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- H Fratons & Muchke , e parts ~
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0 o Meutrinos ., green circles _
Ly R A

o S a

o

-

Xmax (g/cm2) -
1000

200

0 20 40 50 8O
Zenith angle {(degree)

Shower depth distribution from Monte Carlo simulations:
neutrino events can be distinguished from protons and
nuclei.
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! EUSO Expectations ‘

AGASA  HIRES  ALGER EUSO

EECR l l l ¢
el 10 106 103

Events/vear

T ‘ |
,-*':.

v i i i %"‘ |
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EUSD_Science Il

Atmosphere sounding.

As a main fall-out of the astrophysics oriented mission, EUSO
will produce a wealth of systematic data concerning the
clouds as physics systems and the atmosphenc structure.

Meteoroids.

The observation of the UV track of meteoroids contextually to
the EAS fluarescence “watch” will consent a complete and
systemalic monitoring and investigation of the physical
properties of the infalling meteoroids and their interaction with
the atmospheric layers.

View 5 toward North, 26° down fram
the horizontal, along the ARGOS arbit

The MNaval Research Laboratory GIMI Instruments first UV
observation of a meteor in space from the ARGOS sateillite. In
the lower portion of the image, a diffuse blob of apparent

brightness comparable to that of the upper-atmospheric UV |
airglow toward the top of the image, was observed (the

splotches in the upper part of the image are fixed-pattern image
artefacts, which can be corrected in later Image processing).

EUSO ; Extreme Universe Space Observatory |
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