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FEYA(VO0KE=®S 0.27eVcem3
ZHMNY 0.54 eV cm-3
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RELATIVE PARTICLE FLUX (LOGARITHWIC LNITS)

Sclentific American, (c) 1998
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dN(E) x E"PdE

N: number of particles with kinetic energy E
p: spectral index
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Diffusive Shock Acceleration (DSA)
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(AGN, starburst galaxies, GRB...)

The Pierre Auger Collaboration et al. (2017)
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B An explosion that occurs during the death of massive star or white dwarf(s)
B The shock waves is as fast as 3,000 km s~', which accelerates cosmic-rays

©ESA/Hubble/L. Calcada
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.v = I . . - . A - S - . .

Energy spectrum of accelerated particles dN/dE

Strong shock - a =2.0

3v
d—N X E_v1—2vz — E°, IKIEETOBAKER > a=27
dE (energy EmUW\ADLILELNT SD TEFE)

Maximum energy of accelerated particles E_,

Emax ~ 100 x ™ Z, TeV.
5000 km s—! 10 nG /) \ 10 pc

n=(B/06B)? (HimklREDER. n=1NHELETEASL)
Z.: charge of accelerated particle

PIZIE, FEREGFDES
EEIRFRETINE DSA TIE, 273<&$ ~100 TeV FTMESNSD

T2 B LKA (Fe+?®) D& (. ~ 3 PeV Z2EE THEA (~ knee energy)




V: iRATAAEDIATE (=M R2 h~ 4 x 109 cm3, &R ~15 kpc, EE h ~200 pc)
Ecp: FEHBOIRILTY—EE (=1.39eVem=3=2.2 x 10-2 erg cm-3)
T.... €scape time scale (~ 3 x 108 yr, e.g., Gabich 2013)

esc*

Total power of supernova explosion Pqyg

E
Psng = LNV 10%2 erg s !,

SN

Eon  BERTBHEBBRFEDIRILE— (~ 105 erg)
for: RBETRIRFEDHEE (= 30 £I1[H)
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me ~112x10°M,
(fraction) (23%)

ZE  ~0.1-10°cm3

Jm /3 >104 K

KFRIRF (H) KZF2DF (H2)

O

electron
~1.9 x 10° M, ~0.84 x 10° M,
(60%) (17%)
~1-#100 cm3 ~103-108 cm™3
~30-5000 K ~10-50 K
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A1)y L\ (He)

neutron
~1.8 x 109 M,

(H2: He=1:0.6)
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2FZ= (molecular cloud)
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[RFH R (atomic gas) 25
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Spatial correspondence between the
interstellar protons & TeV gamma-rays

correlation coefficient ~0.95
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tot

topsmo ~ 4.5 x 10¥ (n/1 cm™3) "1

conventional expectations
of W, ~10°" erg (~10 %)

Fukui+12

Age (yr) 1600 1800
Distance (kpc) 1 2.5
Radius (pc) 8.2 7.5
Atomic mass (10* M,) 1.1 2.0
Molecular mass (10* M,) 09 -
Total gas mass (10 M.) 2.0 2.0
Gas density (cm~3) 130 75
W,, (10% erg) 0.4 1.2
SNR Type CC Type la

2400
0.75
5.9
2.5
0.1
2.6
100
0.7
CC?

B W, ~104 org (FREHTREE 523

HS+18a Fukui+17 Fukuda+14

4000

5.2
11
1.3
5.1
6.4
60
7
CC

HS+ in prep.

> 2300
2.1
18
4.2
1.8
6.0
130
1.4

CC?
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U Age: ~1,600 yr

O Distance: ~1 kpc
U Size: ~19 pc

[ Core-collapse SNR
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NANTEN2 2K - Y T3 KER L= 17/26

m 5

FKFUILER 7AATEH (~4,865 m)
B ERARAR (FE: AHEXF)

HAR(2), FA4Y(2), #Z—ARKZ1) 7 (~10), FJ(1), EEEl(1), R1A X(1)
n BAEESK
115 GHz: CO J=1-0 (A6~2.6")
230 GHz: CO J=2-1 (A6~1.39)
460 GHz: CO J=4-3 (AB~38")
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htERAREFE = [BI58E
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2006

Uchiyama+07

Image: Chandra X-ray
Contours: TeV y-ray

O Cooling time scale
05

~15(B/ImG) " (g/1keV) " yr
O Acceleration time scale

t. ~In(e/1keV) " (B/ImG)
(Vsh/BOOOkms’l)_2 yr

synch

-1.5

We need a strong magnetic field at least ~1 mG in the small spots!
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Cherenkov Telescope Array (CTA)
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Current VHE gamma-ray map (HESS Col.+17)
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VHE gamma-ray map using CTA (simulated)
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CTA BERIZ[A 4T (1): BFALLERA
BIRFEH IS TR T8

(a) CTA leptonic dominant case (A2/A1=0.01) (b) CTA hadronic dominant case (A2/A1=100)
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Images: Chandra X-rays




Images: Mopra CO (Sano+17a, +18 in prep.)
Contours: Chandra X-rays




Image: ALMA CO 1-0 (A6~3")
Contours: Chandra X-rays (0.3-7 keV)
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 Image: ALMA CO 1-0 (A6~3")
Contours: Chandra hard X-rays (2-7 keV)
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Image: Synchrotron radio
Contours: ALMA CO

FoV of ALMA

ALMA beam




A : . i ==[Aa .v —_— :_: E = := ‘ == :': .

{ 9 Y BHEFEOIRILT—D, BBARADMEE,
-/ ’ EEEIEICESHERENB M ?
> HEFTEIZLST77A—F

3 9&; \

~

1 W44 (Yoshiike+2013)
A A—:C0O 2-1/1-0, AV N7 - BIRESGE TIL




N ERZICHETAFTHRMEDERZ(CIL,

ERHR(GF+EF) DRELNFER

B GFREATIROEE

O ERARIE. BFEEIVEDEEDEZEMNHF
> ERARADEETEE (Fukui+12,13,17; Fukuda+14; H5+18a)

B EEREE—HFREMIRDEZE
O HABRE D TOELGR - #EIFIBMEAY L XHERIE S ORI F IE(ZFH<
(HS+10,13,15,17a,b; HS16; Inoue+09, 12)
B RS IREIREE (CTA) [SHIFT

0 KYRL REBRDQINSBRAEN(RA/IESVELGE)
O FHEMECHIMEBOAREIZES

(HS+15,17¢,18b; Kuriki+17; Yamane+18)




