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F 4R (Cosmic Rays)

The energy spectrum of CRs

(

10" —
/ Ohira, Yamazakl\%/' lerasawa (201‘2%
T O e N -
g 10 A “x‘:_ & -
N 410 L _
& g
= \ 1015 5 eV -
> 1°°F <1015 eV -
— SNR Origin? ? ? -
o 10° .
™
i
NLLI 104 . I
102 g=l—_‘—_lg/l\ I | ) !J

108 10 10" 10" 10"® 10'® 10%°
E[eV]



Supernova Remnant (SNR)

X-ray:
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(e.g. Hovey+15).

From Chandra archival image

SNR 0509-67.5 (Chandra & HST)
Blue: 1.5 -7.0 keV

Green: 0.2 — 1.5 keV

Red: Ho
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(Diffusive Shock Acceleration; DSA)
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upstream :downstream
q; Shock jump condition
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upstream -downstream
q; Shock jump condition
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Cosmic-Ray Modified Shock (CRMS)
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Cosmic-Ray Modified Shock (CRMS)
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Cosmic-Ray Modified Shock (CRMS)
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Cosmic-Ray Modified Shock (CRMS)
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Cosmic-Ray Modified Shock (CRI\/IS)
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Cosmic-Ray Modified Shock (CRMS)
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Supernova Remnant (SNR)

B X-ray:
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From Chandra archival image
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Ha emission from upstream

Tycho S SNR (Lee+2010)
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Ha emission from upstream
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Ha emission from upstream

2x10¢ - 4

Shock Dlrectlon (c) 1SNR Cygnus Loop
| (Katsuda, SJ+2016)
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Ha emission from upstream
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Ha emission from upstream
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Ho emission from upstream |
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Ha emission from upstream
Velocity
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Ha emission from upstream

Velocity
::Jﬂ::x r ii!!i! i “\.i;MLHOLODE_Jg :
"""""" AN 1. Raman BX&EL
e \ LB X \ (LyB to Hat) .
Pol. Ha 2 ] N

il . N

@yﬂﬁﬁz‘)‘ '
51%5'67':7["”2&7

R precursor

N N ..
{ down ! fully ionized
N NN

shock (z=0)



Polarization angle for LyB—>Ha
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Ha emission from upstream
Velocity
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Ha emission from upstream
Velocity
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Ha emission from upstream
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Ha emission from upstream
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Ha emission from upstream
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Ha emission from upstream
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Polarization angle for LyB—>Ha
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Ha emission from upstream
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Ho emission from upstream
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Model set up for the shock
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Model set up for the shock

Vn= 4000 ks Velocity

| We solve 3 cases:

{1. No precursor

2. Eg%j]u%;ciu H V), IR L (electron heating precursor)
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Line Transfer Model

f
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Results: lonization Structure of H
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Results: Radiative vs. Collisional
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(polarization degree) |%]|

Results: Polarization of Ho

The sign of degree indicates the polarization angle (Stokes Q).
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Results: Polarization of Ho
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Discovery of polarized Ha emission
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Discovery of polarized Ha emission
@ bright filament of SN 1006 (Sparks+ 15)
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Outcome
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