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SNRs emitting gamma-rays
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Four TeV Gamma-ray SNRs

m 4 TeV gamma ray SNRs age 2000yrs
m They are interacting with ISM

RX J1713.7-3946 RX J0852.0-4622 HESS J1731-347 RCW 86
PRELIMINA

f‘ B _
= s
’\R 10855-46448 .
B =t
Aharonian+07 Arribas+12 E]
dimater: ~1 deg. ~2 deg. ~0.5 deg. ~0.5 deg.
age: ~1600 yr ~1700—-4300 yr ~3600—7200 yr ~1800 yr
ISM: rich CO + cold Hi  rich Hi + little CO rich CO + Hi cavity rich Hi + little CO

X-rays: pure synchrotron  pure synchrotron ? pure synchrotron thermal + non-thermal



CO transitions to probe molecular hydrogen

Hydrogen molecules are not observable in
radio. Too high energy levels. Only in

absorption. ' : J N
2.6mm Carbon monoxide CO emission is 100 g 11000
observed in rotational transitions. B il
NANTEN2, Mopra, ASTE L —) i
12CO vs. 13CO: - L b =

i 50+ 2= —{ 500
12CO is important to trace all molecular gas.

B 3 B

In addition, HI 21cm emission to probe atomic | i
hydrogen =2 1 "
GASKAP, SKA e ! i




NANTEN & NANTEN2




Galactic Latitude (Degree)

RX J1713.7-3946: 12CO(J=1-0) with X-rays
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Face-On Map of our Galaxy
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SNR G347.3-0.5 (RXJ1713.7-3946)

- Shell-like structure: similar with X-rays

- No significant variation of spectr
across the regions

- spatial correlation with surrounding molecular gas
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RX J1713.7-3946
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Galactic Latitude [degree]

Dark HI SE Cloud (Self-Absorption)

65.0 ——
(1, b) = (347355, -0°92) -
E 1120

Expected Prjoﬁle

148.8

7z X
g o
-
o g 4 80
-0.8 E 2
g 5
32.5 2 =
-0.9 = 8
T S 2 : 40
b . —
< = 12CO(J=1-0) :
162 ~ o) =N
-1.0 o # B \
0 ¥ R abtl Y i." i/ l,~\\/ ‘\-,/'\_ 4 ’\\‘ — 0
BRE  HESS ATCA&Parkes 0.00 T T
347.8 3477 3476 3475 347.4 347.3 -40 -30 20 -10 0 10 20
Galactic Longitude [degree] Visk [km s]

12

Hi Brightness Temperature [K]



Galactic Latitude [degree)

ISM protons in RX J1713.7-3946
Support hadronic scenario
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Galactic Latitude [degree]
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o wind bubble

_ primary shock
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eddy generation/
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short-time variability
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Inoue, Yamazaki, Inutsuka, Fukui 2012, ApJ, 744, 71
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MHD simulations of shock-cloud interaction

density vs. magnetic field
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Inoue+ 2010
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density vs. magnetic field
[sub-pc scale]




TeV gamma-ray SNR RX J0852.0-4622
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RX JO852: CO distribution (interact with the SNR)

NANTEN2 12CO(J=1-0

- 45° 30’

Declination (J2000)

Right Ascension (J2000)

B CO vs. X-rays

good spatial corresp-

ondence between the
CO and X-rays

Interacting with the
SNR

image: CO(1-0) L.L.
(Vlsr: 24-33 km/s)
contours: X-ray (1-5 keV)




Declination (J2000)

RX JO852: HI distribution (interact with the SNR)

ATCA & Parkes HI

v |

Right Ascension (J2000)

B HI vs. X-rays

HI wind bubble at
same velocity in CO

¥

ISM cavity created
by the progenitor

Image: HI L. I.
(Vlsr: 28-34 km/s)
contours: X-ray (1-5 keV)
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Vela Jr. total ISM protons & TeV y-rays

(optically thick HI corrected)
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(Right) Azimuthal plots

Fukui, Sano+15 in prep.



Comparison of young SNRs

Table 1
A Comparison of RX J0852.0-4622, RX J1713.7-3946, and HESS J1731-347
RXJ0852.0 — 46222 RXJ1713.7 — 3046P HESSI1731 — 347¢
Distance (kpc) 0.7 | 529
Radius (pc) 13 Y 22
Age (years) 1700 1600 4000
Atomic proton mass (10* M) 1 1 1.3
Molecular proton mass (10* M) 0.1 I 5.1
Total proton mass (10* M) .1 2 6.4
Average density (cm—?) 40 100 60
L, (1-10TeV) (10* erg s 1) 0.63 0.81 2.8
Total CR proton energy ~1048 ~10%8 ~10%

If the y -rays are produced predominantly by the hadronic process,

- Total CR protons energy 1048 — 1049 erg
- CR acceleration efficiency 0.1% - 1%
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RXJ0852
Fermi LAT
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Figure 2. Ferma LAT zpectral enerpy dizmmbution (SED) in 1-
300 GeV withthe HESS . SED by Aharonian et al. (20070) plotted
topether. For the Ferms LAT points, the vertcal red linez and the
black caps reprezent statiztcal and systematic errors, respectwely.
The dotted Bne mdicates the best-fit power law obtained from the
maximum SQlcelzhood fit for the entire 1-300 GeV band. The butter-
iy zhape shows: the 65% confidence region. The dashed curve iz the
7 -decay spectrum by Berezhko ot al (2009).
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Abdo et al. 2011
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The hard spectrum is not
unique to the leptonic
scenario

The hard spectrum is
explained by energy
dependent penetration
of CR protons into
dense molecular gas.
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Hadronic y-ray spectrum for dense cloud cores
Gabici 2007, Zirakasivili Aharonian 2010,
Inoue, Inutsuka, Yamazaki, Fukui 2012

W accelerated particles in the cavity diffuse into clouds and pions are created
® diffusion length: Kdif = 477lg,p C/37T (Skilling 1975)

lag ~ (Kaet)Y?

0.1 age
{ (10 TCV) (100 ;LG) (103 yr) >

® mass of the cloud penetrated by CR particles (o< number of gamma rays)

R
M = A2 por~2dr = 41 pg Ly
R—lg¢

® Photon spectrum: N(E) o< M(E) EP oc E12Pp=F-15 forp=2

Dense cloud cores [p o< 1 2]

- The same with the leptonic spectrum by IC
— Hadronic scenario is consistent with the Fermi spectrum
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Magellanic SNR N132D
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TeVy vs. CO(J=1-0)

§ NANTEN *COGJ=1-0) 0-10 km/s £ NANTEN 2CO6J=1-0) 10-20 km/s
s W23 (Radio Boardary) ™ gi’ . !zwmh Boundary!
8 | 5 - .
b7 0 m 'I=»7I.0'
gl Pl
E:") o0 HE-3838 \ if‘ - :\")
I, . | D s W
L Lm L
o= I %=
L e A
Un | |'! = | I

100

18h03m

Left: NANTEN 12CO(1-0) image (beam size : 2.7’) of the W 28 region for VLSR=0 to 10 km/s with
VHE y ray significance contours overlaid (green) -levels 4,5,60. The radio boundary of
W 28, the 68% and 95% location contours of GRO J1801—2320 and the location of the Hil
region W 28A2 (white stars) are indicated.

Right: NANTEN 12CO(1-0) image for VLSR=10 to 20 km/s.

(Aharonian et al. 2007)
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New AGILE/NANTEN2 results
Cardillo+ 2013

ColorNANTEN2 CO
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