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coMPTEL/CGRo (1 30 MeV). 1. Astronomical Motivation

Left figures: COMPTEL (The Imaging Compton
Telescope) on-board CGRO (Compton Gamma

Ray Observatory) detected ~30 gamma-ray
sources for 9 years [Schonfelder et al., 2000],
while Fermi (former, Gamma-ray Large Area

FERMI(GLAST) Space Telescope, GLAST) detected 1451
(~0.1 — 300 GeV) 5, gamma-ray sources during the first 11-month
' observation [Abdo et al., 2010].
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Right figure: COMPTEL could reconstruct (Compton) L, )
event circles and has adopted Time-Of-Flight (TOF) F oo
between 2 detectors to determine the timing of
scattered gamma-rays. These detection methods could TOF=T2-T1 ,
not reject backgrounds sufficiently [Weidenspointner et T2

al., 2001].
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2. Principles of ETCC

Figure (1): ETCC consists of a gaseous tracker (Time
Projection Chamber, TPC, with micro-Pixel Chamber, u-
PIC) that detects Compton-recoil electrons, and an
absorber (Pixel Scintillator Arrays, PSAs, with Multi-
anode Photo-multipliers) that detects Compton-
scattered gamma-rays. The angle « (in the figure,
Electron Tracking technique, E.T.) makes us identify
Compton scattering.

Figure (2): The angle & can be obtained by both

; kinematics and geometry, but independently, which

- Use of E. T | : No use of E. 1. means that the Compton method with E.T. technique
Tummmrwmmen SeeswvesEet ETCC) gives almost 10 times better efficiency in
detection.

Figure (3): The angular resolutions (ARM and SPD in
the figure) are due to Doppler broadening (of targeted
parent gas atoms or molecules) and multi-scatters (of
electrons), respectively.




3a. MeV Gamma-ray Astronomy/Astrophysics
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Performance Test of Balloon-borne

10x10x10cm?® ETCC

SMILE-I (2006 in Japan) has been 7
succeeded in detecting and differing " Polar jet beaming
diffuse cosmic gamma-rays and toward Earth > GRB
atmospheric gamma-rays, both of who
range from ~100 keV to ~1 MeV In energy

[Takacaetal., 2011 | ina - 2871(8%, y), S9Fe(B), 511 keV, and etc.
— Nucleosynthesis in SNR and Galactic plane
Continuum y:
— Strong Gravitational Potential (BH), Cosmic ray Acceleration

Picture above: Press Release 05-156 by NSF.



3. SMILE (Sub-MeV gamma-ray Imaging
Loaded-on-balloon Experiment) -ll Project
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TPC/SMILE-II is scaled to 30x30x30 cm? in volume.

3,
Ground-based Observation
Data Exploitation

3b.
Terrestrial MeV Spectroscopy

Solar Neutron Imaging



3b. Terrestrial MeV Space Physics
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Energetic particle precipitation in
the polar atmosphere

Hard X-rays (>100 keV) produced by
Bremsstrahlung of relativistic electron
precipitations (REP) from the (outer)
radiation belt could be detected. However,
there was no other quantities on REP, such
spatial/temporal distributions and variation,
and spectrum [Lorentzen et al., 2000].

Injection of

REP is the electrons with the energy of ~MeV, and . R seed clectrons
drifted in the loss cone and finally lost in the atmo- |
sphere. The drift may be caused by wave-particle
interaction. Above all, The mechanism of MeV

acceleration of electrons is still unclear. fFrom Ianimori's presentation (2011)

Chorus generation region

Inner radiation belt



Circum-Polar Balloon Flight

Balloon launch yard at
Esrange/SSC, Kiruna,
Sweden

Crab Nebula Detection

Taiki-cho (Japan)

Preliminary
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Cir _,;‘_/f‘pﬁ?r,ﬂxghts Summe;r CN(Crab Nebula)/GRB mode

" will be prioritised in the region (1)
(2)‘ \}* because L is too large (except

‘ gﬁ Solar Proton Event, SPE),

¢ % . whereas REP mode will be the

o= /\.\(Wﬁ\ main mode in the region (2).

Japanese ERG mission

L N will join in 2014.
MeV-e MeV-e High energy p
=5V of ETCCs .................... R 100km
|
about 3 sr, ~50% x MAXI?
of half-sphere. AN /

Radio micro bursts Cartoon above from

associated with : . ,
Tanimori's presentation.
REP will be detected P

EE EE EE EE by EISCAT-3D.




3c. Polar Atmosp
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Energetic Particle Precipitations and

their Impact onto the Polar Atmosphere

Energetic particles, such REP and Solar
Proton Events (SPE), are nowadays believed to
affect on the chemical processes in the polar
upper atmosphere (mesosphere and
stratosphere) in terms of creation and transport
of NOx and HOXx.

Above all, we do NOT know about energetic
particles' rate, position, time, flux, and spatial
spread at all.
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Figures above: Effects of different
particle precipitation in time line (e.g.
continuation) by means of 1D Sodankyla
lon Chemistry (SIC) simulation

[Turunen et al., 2009].

Idea for the contents here from
Tanimori's presentation
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