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Young supernova remnants & Interstellar medium�

!  Young&SNRs&are&though&to&be&primary&accelerators&of&GalacDc&CRs!
!

︎!Fast!shock!speed!~3,000−10,000!km!s−1!(e.g.,!Uchiyama+07;!Winkler+14)!

︎!Bright!in!TeV!gammaErays!and!synchrotron!XErays!(e.g.,!Aharonian+07)!
︎!AgeE!or!escapeElimited!phase!(e.g.,!Ohira+12)!

!

!  Interstellar&gas&
!

︎�Molecular!clouds:!dense!neutral!gas!of!H2!!(2.6!mm!CO)!
!!!!!"!density!~103!cm−3!or!higher,!Tk!~10−20!K!
︎!Atomic!clouds:!diffuse!neutral!gas!of!H!(21!cm!HI)!

!!!!!"!density!~1−100!cm−3,!Tk!~30−100!K!

Dynamical&interacDon&between&the&SNR’&shocks&and&interstellar&gas&

plays&an&essenDal&role&in&producing&the&highKenergy&radiaDon&&&CRs&
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Origin of the synchrotron X-rays�
Sano+10, ApJ, 724, 59 
Sano+13, ApJ, 778, 59�

!  However,!it!is!not!known!how!the!XEray!local!peaks!are!formed?!

RX&J1713.7−3946&
&

︎!Age:!~1,600!yr!
︎!Distance:!~1!kpc!
︎!Size:!~19!pc!
︎!CoreEcollapse!SNR!
︎!Bright!in!TeV!γE!&!

!!!!!nonEthermal!XErays!!
︎!CO!cavity!+!cold!HI�

Image��Suzaku&XKrays&(5−10&keV)&
Contours:&NANTEN2&CO&
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Origin of the synchrotron X-rays�
Sano+10, ApJ, 724, 59 
Sano+13, ApJ, 778, 59�

!  Synchrotron!XErays!are!well!spa_ally!correlated!with!CO!in!a!pc!scale!

RX&J1713.7−3946&
&

︎!Age:!~1,600!yr!
︎!Distance:!~1!kpc!
︎!Size:!~19!pc!
︎!CoreEcollapse!SNR!
︎!Bright!in!TeV!γE!&!

!!!!!nonEthermal!XErays!!
︎!CO!cavity!+!cold!HI�

Image��Suzaku&XKrays&(5−10&keV)&
Contours:&NANTEN2&12CO&J&=&2−1&
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Origin of the synchrotron X-rays�

!  Synchrotron!XErays!are!enhanced!around!CO!clumps!in!a!subEpc!scale!

Image��Suzaku&XKrays&(5−10&keV)&
Contours:&NANTEN2&12CO&J&=&2−1&

Sano+10, ApJ, 724, 59 
Sano+13, ApJ, 778, 59�

RX&J1713.7−3946&
&

︎!Age:!~1,600!yr!
︎!Distance:!~1!kpc!
︎!Size:!~19!pc!
︎!CoreEcollapse!SNR!
︎!Bright!in!TeV!γE!&!

!!!!!nonEthermal!XErays!!
︎!CO!cavity!+!cold!HI�
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Origin of the synchrotron X-rays�
Sano+10, ApJ, 724, 59 
Sano+13, ApJ, 778, 59�

!  Synchrotron!XErays!are!enhanced!around!the!cold!HI!clump!

RX&J1713.7−3946&
&

︎!Age:!~1,600!yr!
︎!Distance:!~1!kpc!
︎!Size:!~19!pc!
︎!CoreEcollapse!SNR!
︎!Bright!in!TeV!γE!&!

!!!!!nonEthermal!XErays!!
︎!CO!cavity!+!cold!HI�

Image��Suzaku&XKrays&
Contours:&NANTEN2&CO&

Image��Suzaku&XKrays&(1−5&keV)&
Contours:&Dense&HI&clump&

The Astrophysical Journal, 778:59 (19pp), 2013 November 20 Sano et al.
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Figure 3. Pair of 12CO(J = 2–1) velocity channel maps (white contours) superposed on the Suzaku XIS mosaic image in two energy bands (a, b: 1–5 keV; c, d:
5–10 keV) in color scale. The velocity ranges are (a, c) −20.2 to −9.1 km s−1 and (b, d) −9.1 to 1.8 km s−1, respectively. The lowest contour level and the contour
interval of CO are 3.1 K km s−1 (∼3σ ) in (b) and (d). In (a) and (c), the contour levels are 3.1, 6.2, 9.3, 12.4, 15.5, 21.7, 27.9, and 31.0 K km s−1. The CO clumps
discussed in Section 3 are indicated in the figure.
(A color version of this figure is available in the online journal.)
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Figure 4. Same XIS mosaic image (1–5 keV) as Figure 2(c) toward the
SE-rim. The white contours indicate the distribution of H i proton column density
(self-absorption corrected; see also the text and Paper II). The lowest contour
level and the contour interval in H i proton column density are 2.0 and 0.1 ×
1021 cm−2, respectively. The velocity range is −20.0 to −11.0 km s−1.
(A color version of this figure is available in the online journal.)

2. OBSERVATIONS AND DATA REDUCTIONS

2.1. CO

The 12CO(J = 2–1) data at 230 GHz were taken with
the NANTEN2 4 m telescope in the period from August to
November in 2008, and were published in Papers I, II, and
Maxted et al. (2012). The front end was a 4 K cooled double
sideband receiver and a typical system temperature was ∼250 K
in the single sideband including the atmosphere toward the
zenith. The telescope had an angular resolution (FWHM) of 90′′

at 230 GHz. We used an acoustic optical spectrometer having
2048 channels with a bandwidth of 390 km s−1 and resolution
per channel of 0.38 km s−1. Observations were carried out in the
on-the-fly mode with an integration time of 1.0 s or 2.0 s per grid,
and provided a Nyquist-sampled 30′′ grid data set. The ambient
temperature load was employed for the intensity calibration.
The absolute intensity scale was estimated by observing the Ori
KL object [5h35m14.s52;−5◦22′28.′′2 (J2000)] (Schneider et al.
1998) and the main beam efficiency, ηmb, was estimated to be
0.83. The rms noise fluctuations with 1.0 s and 2.0 s integrations
were better than 0.66 K and 0.51 K channel−1, respectively. The
pointing accuracy was estimated to be better than ∼15′′ by

4
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Origin of the synchrotron X-rays�
Sano+10, ApJ, 724, 59 
Sano+13, ApJ, 778, 59�

!  XEray!intensi_es!are!well!correlated!with!the!total!interac_ng!gas!masses!

RX&J1713.7−3946&
&

︎!Age:!~1,600!yr!
︎!Distance:!~1!kpc!
︎!Size:!~19!pc!
︎!CoreEcollapse!SNR!
︎!Bright!in!TeV!γE!&!

!!!!!nonEthermal!XErays!!
︎!CO!cavity!+!cold!HI�

Image��Suzaku&XKrays&
Contours:&NANTEN2&CO&

Image��Suzaku&XKrays&(1−5&keV)&
Contours:&Dense&HI&clump&

The Astrophysical Journal, 778:59 (19pp), 2013 November 20 Sano et al.
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Figure 3. Pair of 12CO(J = 2–1) velocity channel maps (white contours) superposed on the Suzaku XIS mosaic image in two energy bands (a, b: 1–5 keV; c, d:
5–10 keV) in color scale. The velocity ranges are (a, c) −20.2 to −9.1 km s−1 and (b, d) −9.1 to 1.8 km s−1, respectively. The lowest contour level and the contour
interval of CO are 3.1 K km s−1 (∼3σ ) in (b) and (d). In (a) and (c), the contour levels are 3.1, 6.2, 9.3, 12.4, 15.5, 21.7, 27.9, and 31.0 K km s−1. The CO clumps
discussed in Section 3 are indicated in the figure.
(A color version of this figure is available in the online journal.)
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Figure 4. Same XIS mosaic image (1–5 keV) as Figure 2(c) toward the
SE-rim. The white contours indicate the distribution of H i proton column density
(self-absorption corrected; see also the text and Paper II). The lowest contour
level and the contour interval in H i proton column density are 2.0 and 0.1 ×
1021 cm−2, respectively. The velocity range is −20.0 to −11.0 km s−1.
(A color version of this figure is available in the online journal.)

2. OBSERVATIONS AND DATA REDUCTIONS

2.1. CO

The 12CO(J = 2–1) data at 230 GHz were taken with
the NANTEN2 4 m telescope in the period from August to
November in 2008, and were published in Papers I, II, and
Maxted et al. (2012). The front end was a 4 K cooled double
sideband receiver and a typical system temperature was ∼250 K
in the single sideband including the atmosphere toward the
zenith. The telescope had an angular resolution (FWHM) of 90′′

at 230 GHz. We used an acoustic optical spectrometer having
2048 channels with a bandwidth of 390 km s−1 and resolution
per channel of 0.38 km s−1. Observations were carried out in the
on-the-fly mode with an integration time of 1.0 s or 2.0 s per grid,
and provided a Nyquist-sampled 30′′ grid data set. The ambient
temperature load was employed for the intensity calibration.
The absolute intensity scale was estimated by observing the Ori
KL object [5h35m14.s52;−5◦22′28.′′2 (J2000)] (Schneider et al.
1998) and the main beam efficiency, ηmb, was estimated to be
0.83. The rms noise fluctuations with 1.0 s and 2.0 s integrations
were better than 0.66 K and 0.51 K channel−1, respectively. The
pointing accuracy was estimated to be better than ∼15′′ by
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Shock-cloud interaction in RX J0852.0−4622�

RX&J0852.0−4622&(Vela&Jr.)&
&

︎!Age:!~2,000!yr!
︎!Distance:!~750!pc!
︎!Size:!~25!pc!
︎!CoreEcollapse!SNR!
︎!Bright!in!nonEthermal!

!!!!!XErays!&!TeV!γErays!
︎!HI/CO!wind!bubble�

Fukui+2016 in prep. 
Sano+2016 in prep.�
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Shock-cloud interaction in RX J0852.0−4622�

RX&J0852.0−4622&(Vela&Jr.)&
&

︎!Age:!~2,000!yr!
︎!Distance:!~750!pc!
︎!Size:!~25!pc!
︎!CoreEcollapse!SNR!
︎!Bright!in!nonEthermal!

!!!!!XErays!&!TeV!γErays!
︎!HI/CO!wind!bubble�

Fukui+2016 in prep. 
Sano+2016 in prep.�

9/16�



Shock-cloud interaction in N132D�

Magellanic&SNR&N132D&
&

︎!Age:!~3,150!yr!
︎!Size:!~25!pc!

︎!CoreEcollapse!
︎!Bright!in!thermal/nonEthermal!XEray!&!TeV!γEray�

︎!Associated!with!the!GMC?!

10/16�

Sano+15a, ASPC, 499, 257�



Shock-cloud Interaction: schematic view�

1�
2�
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Inoue+12�



Shock-cloud Interaction: MHD simulation�

Gas!density� B!Field!strength�

Inoue+09; 12�
!  B!field!are!amplified!around!the!COElike!clump!
! Maximum#B!field!strength!reaches!~1!mG!
�Averaged!B!field!strength!in!down!stream!of!~100!μG
!
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Interpretation of the synchrotron X-ray spectra�

Sano+15b, ApJ, 799, 175 �Photon!index�

���	�plot&	
�
�

Photon!index!map!of!RXJ1713!(Contours:!total!gas)!

!  Photon!indexes!became!small!(<!2.4)!toward!both!gas!rich/poor!regions!
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Interpretation of the synchrotron X-ray spectra�

Sano+15b, ApJ, 799, 175 �Photon!index�

���	�plot&	
�
�

Photon!index!map!of!RXJ1713!(Contours:!total!gas)!

!  Interstellar!gas!distribu_on!may!control!the!XEray!spectra!!!

Gas rich/clumpy region 
small vsh  & η ~1 " large ε0

Gas poor/diffuse region  
large vsh  & η >1 " large ε0

ε0!�!�sh2!×!η−1!�

RoleEoff!energy�
Shock!velocity�

GyroEfactor�

Small&photon&index&"&large&ε0�
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Comparative study using XMM-newton archival data�15/16�
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A Spatial Study of X-ray Properties in 
Superbubble 30 Dor C with XMM-Newton

XXIX IAU General Assembly@HONOLULU, HAWAII
Y. Babazaki,  I. Mitsuishi, H. Sano, S. Yoshiike, T. Fukuda, S. Maruyama, K. Fujii, Y. Fukui, Y. Tawara, H. Matsumoto 
(Nagoya University, Nagoya, Japan)

1. Introduction
     Supernova remnants (SNRs) in the Galaxy are considered to be most plausible accelerators of cosmic-rays (CRs) in an energy range up to 
~1015.5 eV. Sano et al. (2015) detected the sub-parsec spatial variation of the photon index (2.1-2.9) in SNR RX J1713.7-3946 [1], implying that the 
spatial variation in efficiency for CR acceleration. Furthermore, the shock-cloud interaction significantly impacts on the DSA scheme of particle 
acceleration [1, 2]. 
     We hereby investigate if a similar conclusion can be drawn from a superbubble (SB), which are large hot cavities carved by the combination 
of supernova explosions and fast stellar winds of massive stars.  

2. 30 Dor C

Fig. 2: XMM-Newton EPIC-pn image of 30 Dor C in 
false color with red, green, and blue corresponding to 
0.3–1 keV, 1–2 keV, and 2–7 keV. Spectra were 
extracted from the regions of white squares (size of 1 
square: 0.7´ × 0.7´) .  The background spectrum was 
extracted from the region surrounded by the yellow 
rectangle. The flux of the background region per unit 
area is typically ~1/10 of those in the white square 
regions.

3. Spectral Analysis

4. Variation of X-ray Properties
     The spectra in the east region of 30 Dor C can be described with a 
combination of absorbed thermal and non-thermal models, whereas the spectra 
in the west can be fitted with an absorbed non-thermal model (Fig.3)[cf.5]. The 
temperature of the thermal component varies from 0.1 to 0.3 keV. The photon 
index and intensity in 2 - 10 keV show finer spatial variations from 2.0 - 3.5 and 
0.6 - 8.0 x 10^-7 erg/s/cm^2, respectively (Fig. 4). Here, the variation of photo 
index is interpreted as a roll-off energy variation of CR electrons [5]. 

Fig. 4: Maps of the best-fit parameters, (a) photon index, (b) 2-10 keV Intensity (× 10-7 erg/s/cm2/
str). All maps overlaid with smoothed white contours of the XMM-newton EPIC-pn images (0.5 - 
7 keV) and green contours of the NANTEN 12CO (J = 1 - 0) image (> 3σ). 

Fig. 3: EPIC-pn image of 30 Dor C and the spectrum of each region. The 
spectra in the blue regions can be described with the non-thermal model 
alone, while those in the red regions require the thermal model in addition.

6. References5. Conclusions
[1] Sano et al., 2015, ApJ, 799, 175S
[2] Fukui et al. 2012, ApJ, 746, 82F
[3] Bamba et al. 2004, ApJ, 602, 257
[4] Abramowski et al., 2015, Science, 347, 406
[5] P. J. Kavanagh et al., 2014, A&A, 573, 73K
[6] Zirakashvili & Aharonian, 2007, A&A, 465, 695Z

Fig. 1: XMM-Newton EPIC image of 
30 Dor C in false color with red, green, 
and blue corresponding to 0.3–1 keV, 
1–2 keV, and 2–7 keV [3]. Kavanagh et 
al. (2014) investigated the spectra 
extracted from the A1-D regions.

     30 Dor C, located in Large Magellanic 
Cloud, is a young SB (~6,000yrs[3]) showing a 
shell structure with a diameter of 80pc (6') 
(Fig. 1). The total luminosity of non-thermal X-
ray emission in the shell is ~5 × 1035 erg s-1 [3].  
Recently, TeV gamma-ray emission from the 
SB was detected for the first time[4], arguing 
that CR protons and/or electrons are efficiently 
accelerated up to at least 10 TeV. 
     The long-exposure datasets of XMM-
Newton, are available. We used six EPIC-pn 
datasets, or in a total exposure of 345 ks, to investigate if there exists 
any spatial variations in photon index in 30 Dor C.    
    Kavanagh et al. (2014) roughly divided the shell into several 
regions (Fig. 1) and investigated the spectra.  We investigated the 
spatial variation of the X-ray properties in more detail.

    The shell of 30 Dor C was 
divided into 33 regions of 0.7' × 0.7' 
grids (Fig.2).  For each region, six 
X-ray spectra in the 0.5 - 7 keV 
band were extracted from six 
EPIC-pn datasets. These spectra 
were fitted simultaneously. Upon 
analysis, we compared two X-ray 
models: absorbed power-law model 
with or without (also absorbed) 
collisionally-ionized, optically-thin 
thermal plasma model. The F-test 
was applied to decide the 
significance of the additional 
thermal plasma model (the 99% 
confidence level was adopted). The 
results are shown below. 

      When compared the X-ray properties, i.e., the photon 
index and the X-ray intensity, with the total integrated 
intensity in CO (J=1-0) radio emission, we find:
  ✔ ️ Positive correlation between the X-ray intensity  
       and CO density 
  ✔ the photon index is less steeper where CO density 
       increases
These trend suggests that an interaction between ISM and 
shocks affects the high-energy emission and the process of 
particle acceleration. 
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    The spectra in the east region can be described with the thermal + non-thermal 
model, whereas that in the west regions can be described with the non-thermal model 
alone.  The photon index and X-ray intensity in 2 - 10 keV show some spatial variation 
in a 10-parsec scale (esp. the photon index varies from 2.0 to 3.5 in our analysis). 
   The relationship between the non-thermal X-ray properties and 12CO suggests that 
an interaction between the ISM and shock waves impacts the production of the high-
energy emission and the process of particle acceleration. 
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The thermal and non-thermal X-rays in the young shell-like
 SNR RCW 86: the key role of the dense interstellar gas

Summary:  We have made a detailed study of the interstellar gas in 12CO(J = 2–1, 1–0) and HI emissions toward the SNR RCW 86 and have identified the associated gas 
over a density regime of 10–104 cm−3. The gas distribution shows a cavity coinciding with the X-ray shell. A detailed comparison reveals that the thermal X-rays are located 
toward clear density enhancements of HI while the non-thermal X-rays are located in lower density HI gas. The thermal X-rays are likely due to the shock heated HI gas of 
density ~10 cm−3 in the cavity created by the accretion wind of a SN progenitor white dwarf. We argue that the non-thermal X-rays are emitted by the accelerated CR 
electrons via DSA whereas part of the non-thermal X-rays are likely enhanced by the shock-cloud interaction with the dense HI gas in the southwestern part of the shell.

SNR RCW 86
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Fig.1:  Tricolor image of X-rays toward the SNR RCW 86 observed by XMM-Newton 
(Broersen et al. 2014).Contours represent the MOST radio continuum at a frequency of 
843 MHz (Whiteoak & Green 1996).

Position:     (l, b) ~ (315.4, −2.3)
Diameter:    ~40 arcmin (~30 pc @ 2.5 kpc)
Distance:    ~2.5 kpc
                     (e.g., Westerlund 1969; Rosado et al. 1996; Helder et al. 2013)

Age:             ~1,800 yr (AD 185)
                     (Clark & Stephenson 1975; Zhao et al. 2006)

SN Type:     Type Ia ?
                     [1] Fe-rich ejecta (e.g., Ueno et al. 2007; Yamaguchi et al. 2008)
                     [2] All-around presence of Hα filaments (e.g., Smith 1997)
                     [3] No CCO & O-rich ejecta (e.g., Kaplan et al. 2004)

X-rays:        Mixed of thermal & non-thermal shells
                     Low (ISM) & high (ejecta) kT plasma + synchrotron X-rays

γ-rays:         GeV & TeV shells
                     (e.g., H.E.S.S. Collaboration et al. 2016, Ajello et al. 2016)

Observations & Archival Data
NANTEN2: CO ATCA: HI

XMM-Newton: X-rays

(c) David Smyth(c) H. Sano

(c) ESA - D. Ducros 12CO(J = 2–1, 1–0)
Telescope: NANTEN2 4 m
Angular Reso.: 90 arcsec & 180 arcsec
Velocity Reso.: ~0.16 km s−1 & ~0.38 km s−1

RMS: ~0.42 K ch−1 & ~0.3 K ch−1

HI
Telescope: ATCA & Parkes
Angular Reso.: 160 arcsec × 152 arcsec
RMS: ~1.0 K ch−1 (Vreso ~0.82 km s−1)
X-rays (archival data)
Telescope: XMM-Newton
Angular Reso.: ~15 arcsec
11 pointings, using only the MOS data

Overview of CO, HI & X-ray Distributions
HI Intensity (a) [K km s−1]

0 463 925 1388
12CO(J=2−1) Intensity [K km s−1]

0.0 6.0 12.0 18.0

X-rays [×10−3 photons s−1 pixel−1]

0.00 1.29 2.57 3.86

Fig.2: Tricolor images of the SNR RCW 
86 and its surroundings.The velocity 
range of CO and HI is from −46.0 to −
28.0 km s−1. The contours indicate the 
HI integrated intensity.
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Fig.3: (a) Maps of the associated 12CO(J = 1–0) clouds (colored contours) supaposed on the X-ray image (gray scale + white contours). 
(b) Velocity-Latitude diagrams of HI (image) and CO (contours). The integration range in the Galactic longitude is from 315.48° to 315.56°.
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Fig.4: Top left: XMM-Newton X-ray image in the energy band of 0.5–1.0 keV. Other panels: 
Distributions of HI and 12CO(J = 2–1) obtained with ATCA & Parkes and NANTEN2 (rainbow 
scale) superposed with the XMM-Newton X-ray contours. The three regions toward the north, 
east, and southwest are shown with an insert of the X-ray image on the top left.

Fig.5: Correlation plot between the averaged HI column 
density <Np(HI)>, and the peak intensity of thermal 
X-rays within the bashed boxes in Fig.4. The solid line 
shows the linear regression by the least squares fitting.
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Fig.6: Top left: XMM-Newton X-ray image in the energy 
band of 2.0–4.5 keV overlaid with the MOST radio 
continuum contours. Bottom left: distributions of HI 
superposed with the X-ray white contours and CO gray 
contours. Top right: X-ray image superposed with the cold 
HI contours. Bottom right: Radial Profiles of proton column 
density (black), non-thermal X-rays (green), and radio 
continuum (blue) for each rectangle, as shown by top left. 

Non-thermal X-rays

Radio Continuum

Np(HI)

■ The HI intensity becomes larger in 
the north to the west than to the east.
■ The HI clouds are generally distrib-
uted so as to surround the X-ray 
shell-like structure.
■ In the east, a large CO cloud with 
an HI envelope is located toward the 
X-ray filaments.

■ We find that the positions of the HI walls correspond 
well with the X-ray filaments.
■ In the eastern region the X-rays are well correlated 
with the CO cloud at a pc scale, but are rim-brightened 
with the intensity depression around the small-scale 
structure of the CO cloud at a sub-pc scale.
■ The thermal X-ray intensity is roughly proportional to 
the column density of neutral atomic gas at a pc scale.

■ Non-thermal X-rays are bright both in the gas-poor/diffuse 
    (e.g., NTX-NE1) and -rich (e.g., NTX-NE2, -S1) regions.
--> We interpreted that roll-off energy of the synchrotron X-
rays ε0 is enhanced by different mechanisms in both regions

 In the gas-poor/diffuse sites
 the shock waves are not decelerated and ε0 remains high,
 leading to enhance X-rays. 
 In the gas-rich/clumpy sites
 the shock-cloud interaction amplifies the turbulent magnetic
 field around dense gas clumps and the synchrotron X-rays  
 are enhanced, where ε0 becomes high with η ~ 1. 

■ The synchrotron X-rays originate from the high-energy 
    electrons close to the shock front and the radio emission 
    from lower energy electrons in the down stream (Rho et
    al. 2002).
    NTX-NE1  -->  Forward shock
    NTX-NE2, NE3  -->  Reverse shock
We found that the reverse shocks are only seen in the ISM 
rich regions of Np(H2+HI) > 1 × 1021 cm−2. 

NTX-S1

(Zirakashvili & Aharonian 2007)
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Fig. 12.— Large-scale integrated intensity map of the 12CO(J = 1–0) toward the RCW 86 taken with NANTEN (Matsunaga et al.
2001). The velocity range is from −40 to −30 km s−1. The lowest contour level and contour interval of CO are 10 K km s−1 and 4 K km
s−1, respectively. Magenta contours indicate the MOST radio continuum at a frequency of 843 MHz as shown in Figure 1. The dashed
lines represent the boundary of CO supershell (Matsunaga et al. 2001).

gas is thermalized under the shock interaction. Based
on the consideration above, we conclude that RCW 86 is
Type Ia explosion in the wind-bubble and argue that a
thorough investigation of the neutral gas is an important
tool to investigate the progenitor system and the origin
of the thermal X-rays.

4.2. Efficient CR Acceleration

Sano et al. (2015) argued that in RX J1713.7−3946 effi-
cient CR electron acceleration up to ∼ 10 TeV is working
with a tight physical connection with the ambient ISM.
These authors showed that the distribution of the pho-
ton index Γ of the non-thermal X-rays, synchrotron X-

rays, and both the gas-rich and -poor regions have small
Γ < 2.4, and suggested that these regions correspond to
the sites of high roll-off energy of the synchrotron emis-
sion. If the synchrotron cooling is efficient, the roll-off
energy ε0 of the synchrotron photons is given by the fol-
lowing equation (Zirakashvili & Aharonian 2007),

ε0 = 0.55× (vsh / 3000 km s−1)2 η−1 (keV), (6)

where vsh is the shock velocity, and η = B2/δB2

(> 1) the degree of magnetic field fluctuations (the gyro-
factor). The case of η = 1 is called the Bohm diffusion
limit and indicates the limit of the maximum magnetic

shock velocity gyro-factorroll-off energy

■ We have revealed associated atomic/molecular gas with the SNR RCW 86 by using the NANTEN2 CO 
and ATCA & Parkes HI datasets. The HI gas is distributed so as to surround the X-ray shell and shows a 
cavity-like distribution, while the CO clouds are located only in the east, south, and northwest.
■ Thermal X-ray filaments show a good spatial correspondence with the HI wall and small-scale structures of 
CO clouds. We also found a positive correlation between the total proton column density and the thermal 
X-ray intensity. This indicates that the gas of density 10–100 cm−3 is associated with the SNR shockwaves.
■ Non-thermal X-rays are bright both in the gas-rich and -poor regions. We interpret that the shock-cloud 
interaction between the cold HI clumps and the high shock velocity enhances the non-thermal X-rays, which 
is a similar situation discussed by Sano et al. (2015) in the SNR RX J1713.7−3946.
■ It is likely that the progenitor system of RCW 86 had low-velocity stellar winds, either an early B star or a 
white dwarf, because the thermal X-rays and diffuse HI envelope indicate the remaining medium density HI 
gas which was not fully swept up by the progenitor winds.

(e.g., RX J1713.7−3946, Sano et al. 2015)
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!  Young&SNRs&&&interstellar&gas&
!

︎�Fast!shocks!&!bright!in!the!TeV!γErays!and!synchrotron!XErays!
︎!Molecular!cloud!(>!1000!cm−3),!Atomic!cloud!(~1–100!!cm−3)!

!

!  ShockKcloud&interacDon&in&the&young&SNR&RXJ1713&
!

︎!Enhancement!of!the!turbulence!&!B!field!around!the!gas!clumps!
︎!Gas!distribu_on!may!control!the!synchrotron!XEray!spectra!

!

!  ShockKcloud&interacDon&toward&the&GalacDc/Magellanic&SNRs&
!

︎�RXJ0852:!XErays!are!enhanced!around!the!CO!clumps!&!HI!wall!
︎!N132D:!CO!cavityElike!structure!along!with!the!XEray!shell!

!
Interstellar!gas! (H!+!H2)! interac_ng!with! the!SNR! is! important! to!
understand!the!highEenergy!radia_on!&!the!origin!of!CR�


