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Non-Thermal Emission from Astrophysical Plasmas
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In the extremely low density plasmasin the Universe, the energy distribution of electrons starts to deviate from
Maxwellian distribution, when acceleration processes, such as the Fermi acceleration process are operative with

a magnetic field moving at high velocity.

Radiation from these electrons is expected in the X-ray wave band by synchrotron radiation and by inverse-
Compton scattering. Supernova remnants and clusters of galaxies exhibit thermal emission from hot plasmas of sev-
eral keV as well as non-thermal power law components above 20 keV, which suggests that the acceleration proc-
ess takes p.ace. A new hard X-ray imaging telescope system is also presented.
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Fig. 1

Unit = ¥10,000

Deposit in bank accounts (1989). Fraction of population whose deposit corresponds to the group is plotted in the left panel.

Total amount of each group is plotted in the right panel. All units are Japanese Yen.
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Spectrum of Bank Deposit
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(Fit to the last
two points)

Acceleration
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Population of each group sorted by the bank deposit is
plotted against their bank deposit. Peaked distribution
onthe left hand side is represented by a Gaussian distri-
bution, while the tail on the right hand side is explained
by an additional power law component shown with a
dotted line.
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Fig. 3 Magnetic field frozen in high velocity (V) clouds reflects
electrons elastically. Since clouds are moving to the left,
acceleration(right to left) occurs alittle higherfrequency,
so that electrons are accelerated in total.

Non-Thermal Emission from Astrophysical Plasmas

425

The Japan Society of Plasma Science and Nucl ear Fusion Research

H. Kunieda

BORDING VA LRI ONLBEFOLR N X —
IEINLEFE) X

dN/dp = dP/dt-dt/dp = exp (— t/tese

=exp [ —t/tace ( 1+ fescltace )-|
oc p — {1 +tesc/tace)

T &
ARZ MV (p & p+dp i

- f/tac(‘ )

&gﬂZN7FW%%O.tﬁb,ﬁﬂ?ﬁ%ﬂéiﬁ&
P ET OREEBRBIE, tae =(/V)(Me)/4) D5
XL, tese AR EL & L) BRBBEMPVETH L. B
TZOREYV H10km/s TH Y, BT A % 3x10'°
m&dAhE, e =2X100sec~10%y &40, FHAMN L
BRI e o CTL 9. BEMLRMERHE 5121, bo
Ll VT S HER T R OMESE LR L 2 S, F
DOFELTEZLNDLON, KETHERLEHEETH5H.
3.2 BBMICHTZT IILIMRE

Fig 4 (3R OWEIZEE L2 R TYHAR LR L
TWa, FEHOGHTIEHEE V) (~4V, | BB, &
TV, T, ENEDPo THAPERHLTWS., ZOHFR
WHHE L@ Enz o Tnd k, TNENOFTAD
EF@ﬁﬂ%ﬁ%of B &7z, EsEAe R0 &3 (Fig
4). ®Ev > Vy) OBTIX, A (LK) #TEmEL 2
\F, k (I‘om) MTIIFITBEELEFR U BEEZIT 5.

REPSBHMW SN 2HEEROFAE IR VL OTHT
km/s GEEDOE L) KA S, TOWEITE, 3.1LE-TC,
Rtz D A 2T ide 52w, #HEiEo2{bid 14
Bz

dp=4(V,—~V,)p/30

ZHCEY, BEEFARICREMOZRANVF—-AXRY b
DETEVEDL L) LRIMEPITORTWAEI EHbhb. &
FDANY Vi

(lN/dI)OCp7” /1:(V1+2V2)/(V1“V2)"’2
BLWHETRE I oNEIT IR T 5. ZOFEED
AT km/s 22 5729 ,UW) WZILBI9 % Rl o

IEFE L, v=10km/s DB HFIZHRTICETEL &

Fluctuation Shock front
of magnetic field |(V,~4Vy)

B — E—
= =
e

Vv, — S

Fig. 4 Acceleration atthe shock Magnetic field is parallel to the
motion of the matter and perpendicular to the shock
front. If there are irregularity of magnetic field, electrons
are reflected as in Fig. 3. Since the velocity of the mag-
netic field is moving with the matter at Vi(= 4V5) in the
upper stream (right of the front), electrons are efficiently
reflected.
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Fig. 5 Synchrotron radiation. An orbiting electron around the
magnetic field radiates emission in the tangential direc-
tion of the orbit. If it has relativistic velocity, an observer
see the emission only short time, when the cone scans
the observer.
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Fig. 6 Inverse Compton scattering. An electron with theenergy
ofeis scattered forward to become €1. In the electron rest
frame, the electronis elastically scattered butconversion
to the observer’s frame makes €1 larger than €.
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.7 X-rayspectrum of atypical supernovaremnant obtained
with the CCD camera onboard ASCA satellite. Many
emission lines from various elements are clearly seen to-
gether with a basic broad continuum
bremsstrahlung).
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Fig. 8 Temperature and abundance distribution can be deter-
mined by these imaging spectroscopy observations with
ASCA, Chandra and XMM-Newton satellites.
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Fig. 9 X-ray image of the supernova remnant SN 1006. It has
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two bright rims with faint central emission.
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Fig. 10 X-ray spectra of SN 1006. The central part of the rem-
nant in Fig. 9 shows thermal spectrum with emission
lines from O, Ne, Mg and Si. The bright rims has a
smooth continuum spectrum, which can be explained
by a power law, suggesting non-thermal phenomena
in the remnant.
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TeV gamma rays. X-ray fl
data are explained by the

ux observed ASCA and radio
synchrotron model. TeV data

from CANGAROO could favor the pion decay model
rather than inverse-Comton model in this case.
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Optical Image

3

Virgo Cluster

Soft X-ray Image

Fig. 12 Virgo cluster of galaxies. Upper panel is an optical im-
age with component galaxies of the cluster. Lower
panel is the X-ray image, implying the hot gas fills the
cluster potential.

WTh, MESEE, ZOZRANF—OFHB &R
LLTRATETWSZ EIZFEWR .

SUMTHCId, FERT A%, SUH %20 5 &minA A
DIEPIZ, ZNHOEMBICD LRI RVWE, ¥—or<
Y—HHEET L BALPBLTws0E, ¥y—2r <
T —DELBETIRF Vv WIIHEDLRAL T AD I AN F —
&, SUTRIF LS 22 U2 B O RET BY 7 8 B = R L F — %
FllhoTwnb, TR, HELMBLTHLINS LT
B2, i S o cingicfibh, BB 2ERT S
&9 BB T RV E — O ) OERSTE I R
2% oTW5b.,

6. FESAIKS OEBIFER—F X IR GHAEE
DEI%

Fig. 13 TRz & 912, REB TR 5N 5 BRI
AR E BB IRAT B Bt L, 10keV LR O
BXBTIERE SN TWAEDS, 20keVELETIZ I h % 35
THINCEDL., ZOD, FERHBFTOEEITITEX
MO BE OB B S AT RIS 5.

Non-Thermal Emission from Astrophysical Plasmas

429

The Japan Society of Plasma Science and Nucl ear Fusion Research

H. Kunieda

il Non-thermal |
C BN component
3
e Ll .
: 10 keV
3 Thermal _
i Component » -
IS . : 1
2 5 10 20 50 100
Energy (keV)

Fig. 13 X-ray spectra of the cluster Abell 2256. Thermal spec-
trum drops above 20 keV, while non-thermal compo-
nent becomes outstanding above 20 keV. It may sug-
gest that acceleration of high energy electrons takes
place there.
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Fig. 14 Astro-E2 X-ray telescope. X-rays are reflected twice by
the nestedthinfoil mirrorsatasmallgrazinganglesless
than 1 degrees. The diameter is 40 cm and X-rays are
focused to the imaging detector at 4.75 m away. About
175 shells are installed in two stages.
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Fig. 16 Reflectivity of multilayer mirrors (grazing angle of 0.3 degrees). Total reflection (dotted line) gives sharp drop of reflectivity
above 15 keV. Multilayer (dashed line) provides sharp peak at 30 keV, while supermirror (solid line) has a broad peak from 25

through 45 keV.
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Fig. 16 Effective are of the hard -ray telescope of NeXT (3 sets
of 45 cm in diameter). Supermirror extends the upper
limit of the energy coverage up to 78 keV, where the
K-edge of Ptis. This telescope allow us to explore new
physics in the hard X-ray band.
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Fig. 17 Acceleration process in the Universe. Maximum elec-
tron energy is plotted against the product of typical ve-
locity v, magnetic field B, and the system size L. Latter
factor is the indicator of the achievable limit of the ac-
celerated energy of electrons. Similarscaling works out
from Auroral, Solar, and other terrestrial objects up to
supernova remnants and cluster of galaxies.
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Fig. 18 Beaming of emission from relativistic electrons. Con-
version from the electron rest frame to the observer
frame causes the beaming into a cone of 1/ 7, where
Y ={1—(v/c)3)~ "2,
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Fig. 19 Astro-E2 satellite. The fifth Japanese X-ray astronomy satellite Astro-E2 will be launched around June 2005. It is equipped
with 5 X-ray telescopes focusing onto four CCD cameras and one micro-calorimeter. The highest energy resolution of 6 eV
so far allows us to explore the dynamics of the Universe.
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Fig. 20 NeXT satellite. After Astro-E2, NeXT mission is being proposed to observe hard X-ray components from supernova remnants,
cluster of galaxies and active galactic nuclei. Hard X-ray telescopes of supermirror replication are installed at the top. Hybrid
hard X-ray imaging detector with CdTe pixel array and this CCD camera are placed atthe end of the satellite. We hope to launch

itin 2012.
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