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To understand the universe
- From the Big Bang to Ourselves -
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To understand the universe
- From the Big Bang to Ourselves -

Birth & Evolution of Galaxies
(Infrared : Low Temperature
. Less Extinction

: High Redshift)

SPICA
at L2 point
(>2010)

ISO+Hubble

Search for

Primordial Antiparticles
in Cosmic Rays
(Particle Detectors)
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5 AQAnti—Particle

Flux (m®s sr GeV/n)™

Yamamoto et al. 2004
e Evaporation of

Primordial Black Holes

e Annihilation of
super-symmetric particles
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To understand the universe
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From future mission planned at ISAS

- From the Big Bang to Ourselves -
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The best way is to be there.
e Venus Climate Orbiter (2008)

KB

And Iso Bepi-Colombo(2011?
e Solar Sail Mission to Jupiter

(approved as “High Priority Mission”)

Solar Win

Uchiyama 2004
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To understand the universe
- From the Big Bang to Ourselves -

X-ray : Best probe to study Extreme High resolution imaging by
Universe. Can be done only in Space VLBI (relativistic jets)
space.

ASCA (1993-2001)

Signal from the edge of BH
From MCG 6-30-15(Tanaka et al.)
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Overture of the X-ray Astronomy
In 21st century

Jul. 1999-

Energy range 0.1-10 keV Energy range 0.1-10 keV
Angular resolution |” Angular resolution 15”
Collecting Area : 2 x ROSAT Collecting Area : 20 x ROSAT

| X-ray Telescope 4-fold nested | X-ray Telescope 56-fold nested
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Astro-E2 will come in, soon.

* Recovery Mission of Astro-E Energy Resolution
* Launch in 2005

High — Astro-E2
= (Chandra
- XMM-Newton

Wide
g

A

Energy Range

Launch 2005 Feb..

vy High

The 5th
Japanese X-ray
Mission F
(Japan & US collaboration)

Imaging Quality

a5 Astro-E2 will fill the missing part
i¥ of X-ray space observatories
in the New Millennium
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Astro-E2 Features ...

Largest effective area and
highest energy resolution at the

energy of Fe K.

High Resolution micro
calorimeter:XRS
AE~6 eV at 6 keV

(AE~40 eV Chandra HETG) FWHM: 5.93 = 0.16 eV

Capability for studying 20

extended sources 29

“10p

X-ray CCD (XIS) )
and Low Background Hard X-ray Detector 02.-.58.7@._------5880'..--_'-égg%;@iﬁb@"-:---59l-@

0.1 keV 1 keV 10 keV 100 keV 1000 keV

XRS

35 | [ <) ccoxis)
mm{ : ' HXD< >




T.Takahashi, Beyond Einstein W.S , 2004

From the edge of a black hole
to the collision of largest celestial objects

Study of the structure of the universe:

Cluster of galaxies : Largest celestial object
(self gravitating energy 10764 erg, hundreds of galaxies)

Cluster merging (optical) Cluster merging (X-ray)

(Takizawa, ApJ, 2000, vol. 532, 183)
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Astro-E2 Study of Clusters in merger

222222

normalized counts/sec/keV

XRS | 1000 km/s

Bulk motion of the hot gas associated with a substructure in a
cluster of galaxy, if observed, will be the direct evidence of a
cluster merger (Ohashi et al. 2003).

The line profile and energy shift ->
The line of sight motion of the hot gas associated
with the merging sub-cluster (v>1000 km/s).
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X/Gamma-ray Observatories
in the Space Road Map
07108109 |10 [ 11T 112113 [ 14 |15

021031040506
X-rays
Chandra
XMM/Newton #

"Constellation X/US
Astro-E2 . |

INTEGRAL

Gamma-ra
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NeXT Mission

e First Hard X-ray Focusing Telescope

e Highly sensitive y -ray detector
with
capability to measure y -ray polarization
e ANE=3 eV resolution (TES calorimeter)
for soft X-rays

[Motion\ Turbulence. Shock Wave)

Y 4
[icuin
Non-thermal emission

=%

From accelerated Particles

0.5 keV 10 keV 80 keV 1MeV
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Probing High Energy Universe
with X-ray Photons

SN1006 (ASCA, X-ray image)
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/ From the high energy end
L Chandra (from PHD thesis of the electron distribution
Koyama et al. by Uchiyama, 2004) :

(Energy Frontier)

X-ray cools fast and should

hv  =53E2 B keV] reflect particle injection
ootevBious 1KeV] (1000 y for 160 TeV, 10uG, 1pc for

The site of Multi TeV particles 1000 kmy/s)

synch
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Maximum Energy Scaling of Cosmic Accelerator
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What we still do not know about.

A2256 (Fusco-Femiano et al. 2000) Recent Radio/X-ray observation
~ | -> Non-thermal emission
' sl from clusters of galaxies
- M Non-Thermal

Component

] Non-thermal luminosity
2 5 10720 50 100keV | (comparable or even larger
than
the thermal luminosity
if p/e ~100.)

kT=7keV

Thermal
Component

The energy we have not yet
realized (Non-thermal Energy)
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The NeXT Mission

. Super Mirror ( 0.5-80 keV )

30" HPD

1000 | NeXT/HXT (3 units)

S (cm® per mission)
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Flux (photons/s/ke¥ /cm2)
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NeXT’s High Sensitivity

10~4 - .
. b continium sensitivity
' ' (for polnt source)
10uCrab ImCrygb AE/E = 0.5, 100 ks
L b
Astro—E2 KP
10_5 i XIS N Beppo3SAN D\S Intagral SPI
L b
" L]
K \\\J T CGROG 055E

- '\.\ Intagrol IG5

10~ 6

N

10— 8

100 107 102 102
Energy (keV)

From NeXT proposal (2004)
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Long Term Road Map

The big progress (or jump) in science is often provided by

“Unexpected Discoveries”. To increase the chance of

such discoveries, we need a way to create dis-continuity,
rather than just preparing Big-Missions.

e We need more players (in addition to public supporters )

N Tenma (1983-89) ® For this, it is important to make “space” more
ey accessible (speed is most important)

— New strategies to support small but attractive projects.

2 (1987-99) - New technologies for “smart and quick, and cheap”
missions

Astro-E2 (2005)
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One example of small mission proposal related to B.E.

DIOS Dbiffuse Intergalactic Oxygen Surveyor

eJapanese small X-ray mission to study
large-scale distribution of the warm-
hot intergalactic medium

-> ~50 % of baryon mass

e Detection of emission line
(OVII, OVIII) from 108K gas hidden
between galaxies (upto z~0.3)

e High Resolution (TES) detector
e Wide FOV mirror (0.9 deg x 0.9 deg)

Total Weight & Mass :<400kg

Mitsuda, Ohashi et al.
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Dark Matter and Warm Gas

Galaxies (cold clump)

Warm gas follow dark
matter very well.

(L CDM simulation by
Yoshikawa et al. 2002)




Fven with small satellites...
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Hurdles to space is still high for new players.
But, if such hurdles are gone,
many possibilities can encourage many players to take part in.

Mission Study of
Deci-hertz Interferometer Gravitational E"“S"a‘e‘f"“/>nd

Wave Observatory (DECIGO) is now
underway. higa

Length: 30 km
Finesse: 500

DECIGO
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Spacecraft 2
Laser source
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Quantu mlt f ¥ Mirror 1 Mirror 1
. 8 (. o Signals
- (mass 100kg, baseline 5x10°m, -
laser: 10MW, telescope: 3m)
27 ] ] ] | ] 1 1
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Formation flights of 4 satellites

F H . . 1
requency [Hz] Gravitational Wave Group in Japan



Summary

e In Japan, various scientific program are
on going, “to understand the universe”,
by using accelerators, telescopes and
satellites. It’s nice, but we need to have a
coherent strategy for the future plan.

e Particle Acceleration and Non-thermal
Universe are the important keywords for
the near-future HE mission in ISAS.

e Efforts to set up small satellite (~500 kg)
are on going to increase opportunities for
attractive and quick mission.

e Hope that we can strengthen the
activity of space science under Japan’s
new space organization (JAXA)
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Japan Aerospace
Exploration Agency




