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Knee energy (10155¢V) LI FD=FE

H#RIE

AIRADBRERENERES AN TS,

METESREIRILF— W
(R = source size) > (gyro-radius) &) N.:
Emax~eBR~1O156V BuGRpc %
EDKBUMEBBEHHM ? :

AW :
1 eV ¢e'Xx 10%¢c

~ 10%0¢rg g

107y£s
i timescale

ChILiB E RS (SNR) TENEZ D,

—_

-

= o

B O ] (=]
o T

_h
S

-
OI
=]

108
™~ CR luminosity

0-10

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

Evin (GeV/ particle)

105Terg X (RN FE ~ 1%) X (SN rate~1/30yrs)

~ 1040 ¢rg -



fﬁfgﬁﬁf (Supernova Remnant = SNR)
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FERDIMERE DELDEIZ/L ?
() ML F D EREEAITEHELLY,
Z RIS B~uG) TOFHHRD v/ O(5—7—) FE:
r,=E/qB ~1pc for E~10"eV
N IEHER DD RIAFT TD EERE (~kpe) [CEERTI TSN,

Z_T. ZEJET
FTHIEBOEIT HEMEET
EHTHNELHD,
(FEZ=a2—r) /%)




CR proton + (target) gas => 7' => y+y

*IRILF— EZFHD proton T{ENKETT S yDIRILF—:
hv~0.1E (= vXE)

Proton ANRJK)L:
N(E)dE o« E+dE

R RARIRIL F [ergs'ecm? Hz'!] -
F,dv oc E-EPdE oc yv!rdy
=> VF, ¢ y2P

CR electron + (target) gas => brems . y (FHlIEIHET)

- IRI)LF— E %4 electron 1{ Dbrems-y D TR )LF—:
hyv o E

KUY MR ARIMVIE LR ERILFER (VF, < v2P ) Z 55,



CR electrons I12&ks>oOrOy -#a TR ST

" ITRILX— EZEHDelectron TEOKWETT AALFIRILTF—:
hy oc E 2

Electron ANRNJKL:
NE)dE o E7dE

R RARIRIL F [ergs'ecm? Hz'!] -
F,dv o< E2.EPdE oc yU-pi2dy

=> VFV oC V(3'p)/2

Cooling HI<IHE .
REFRRIRIL F [ergs'ecm? Hz'!] .
F,dv o< E-EPdE oc yv-rP2dy

=> yF,6 oc yl-p?2
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m_, ~ 134 MeV
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TeV gamma- rays from young SNRs

TeV(=10'?eV) y-rays detected by H.E.S.S.
TeV’s from shock waves of young SNRs
--- Direct evidence for 10-100TeV

electrons and/or protons !!

BUT, we don’t know whether the TeV
emission 1S hadronic or letonic.

RX J0852.0-4622



SNRs as sources of Galactic CRs

* Evidence for hadron acceleration?
- Gamma-rays are leptonic or hadronic?
- Classical but still important problem

* SNRs are really Pelatrons ?
- When, where, and how to reach 10155¢V ?

* Electron acceleration efficient or inefficient?
- Nonlinear model predicts e/p ~10~> << 1/200 @ZEarth...
- Contribution from pulsars/PWN negligible?

* When, where, and how to disperse CRs into ISM?
- Lessons from W51C/W44/W28,... and predictions for CTA.

* Acceleration at reverse shock ?

* Nature of TeV unIDs ?
- middle-aged (old) SNRs, or PWNe ?



SNRs as host of strong shocks

* Strong shocks accelerate particles.
- Plasma physics point of view.
- Source spectrum is £-2 or not?
- Nonlinear model of particle acceleration.
- Magnetic field amplification.
- Injection rate of high-energy particles, e/p ratio,...
- Application to other objects w/ shocks.
- Toward interdisciplinary science...

* Particle acceleration at reverse shock.
- Dependence of different upstream state (low-B?)
- Non-Fermi process may occurr?
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Spectral index of accelerated particles

Bell(“77), Blandford & Ostriker (‘77) :

In the test-particle case (accelerated particles does not affect
the background plasma), the energy distribution of particles

1s given by r 5
N(E)dE < EPAE . p=—

where “r” 1s the shock compression ratio.

(1) M{— oo, y,=5/3, => r=4, p=20

)M =10, y,=5/3, = r=3.88, p=2.04
s g

3) M;=4, y,=5/3, => r=3.37, p=2.27

(4) M;— o, y,=4/3, => r=7, p=15



BEREDLTEEIC p=2 TOHN?

UOVEEIRDAEREM, > *10) T, FEHBEZTAMIFELTHRAIE
p=2 LM LT DRIGMBREEET déplfzhbd hd,

1. Nonlinear model :
a) FEHIRDIENIZERET DL BERDERLEN
HMY ., p<2 &iiBd?
b) RSN =I5 XY L - TiRDERELIR DX R E
UELUTELGST, p>2 &45?
2. HERFDELE (Ohirat+09) :
EfELLZTIFAMEIZKY . p>2 &5,
3. Non-diffusive transport (Hada & Otuka, 09):

Sub-diffusive (advection dominated) => p > 2.
Super-diffusive (£ DR *T) =>p <2

4. IEFEZFIRITHLUEFHEARIMNL
—fi&[Z p=2 H\ 59 #15(Ohira, Murase, RY 09),
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Gamma- rays from young SNR, Cas A

SNRD D E R MoV TiEERH(12.206), ARIBILIE
Proton#ZiRE D K37 FZ& L TLYSH A, Young SNR (age~340yrs)
25T, p=2.0TE,_, =10!55%V (knee) ETEHU TS
SR EEY (RAY AW

| ' | ' - [
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Gamma- rays from young SNR, RXJ1713

RX J1713.7-3946 : age~1000yrs dDSNR.

* ARJRILHS,  “1-zone” Inverse Compton model (BFR2iR)I&
& LLIE > TELD., ProtoniBiR TH A EIFFER SN TULVELY,

* p=2.0TE,,,=10133¢V (knee) FTHUTL\HRIFIZR SN,
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B~mG at RX J1713.7- 3946 ?

Synch. X-ray image

C 2000

Uchiyama et al. ‘07



B~mG at RX J1713.7- 3946 ?

Synch. X-ray image

C 2000

Time-variable synchrotron X-rays observed!!
If synch. cooling time ~1yr, B~mG 1s indicated.
( for X-ray emitting electrons, t., ..~1. S(B/mG) Loyr )

) synch

Uchiyama et al. ‘07



Problem: observed dim radio synch.

Radio flux

- If TeV-y 1s hadronic (pion decay),

* If B~ImG, =>E

electron

=> E ~10%-0 erg,

proton

~10* erg (via synch. radio/X).

— Extremely small e/p ratio, K., ~10~, is required!
(equivalently, observed radio is too dim for reasonable e/p ratio.)
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Problem: low- energy cutoff of TeV- y

Gradual steepening in TeV

spectrum observed. T
=> [f TeV is hadronic, ifo
Epnaxp ~ 30-100TeV. %
Maximum energy of proton in the =
Age-limited acceleration (t,..=t,,.):

X-ray spectrum analysis (Tanaka+08)
) ﬁj(l98 ( Vg
0 ng \4000 km s—1

= Faxp = 5 x 103Bpats TeV

10

10—10

10—11

10-12

10—13

2
) keV =0.67 keV

Suzaku
- H.E.S.S. -
5 £0 N
-5 0 5 10
]Dg (Ephnmn) [eV]

“Hadronic TeV w/ age-limited, B=0.1-1mG” [XTeVX{R&HEFIE,



Escape- limited acceleration?

* Age-limited model (t,..~t,,.) TRESD EmaXuT D N0 FLF
ISR Th. MEEEANA~T R —F L TLES YRR AEC
5H&EE,  [FINSKGEHTLED, 5 LLITLU TS
Ohira, Murase, RY (2010), submitted to A&A (arXiv:0910.3449)

« ZMEscape-limited model D FJA TIE, RX J1713.7-39460)
HUORIEARIEILA100TeVEL EFETERUVTWVEWZ EIFERBAT],

« ZDHMHY . 'Young SNR A¥Galactic CRsDJRE ] THAHT=HIZIL.
H(age~100yrs ) knee FTIMEL TV =1ETFTHEITHSD
(Gabici, Aharonian 08),

s CNZTEDIPHOTERIRIIZHREET HDM?

* Cas A(age=340yrs) [¥kneeE TREULNTULVSIKIEZEL
Youngest SNR (G1.9-0.3)IXCTAZ £ > TEAITADIFEELLY
£ D7D T(Ksenofontov+08)., F1-HHEWNSNRFIFLEITHEHH ?
=>TeV un ID sourceM F WM ? LLLIXCTATER RSN SN ?




Gamma- rays from old SNRs

“DFELHBIERT S Middle age, old SNRsHh5GeVirigh
HoigERRE (1C443,W51C, W44, W28)

AN IVICH B DY DN FEE(WS51,W44) ?
NFEIFBICFEHFEI T YN TIIEL FHEERDOE ?

F [eV]
W51C; Fermi LAT collaboration (2009), ApJL



GeV- TeV Morphology




GeV- TeV Morphology Gabici, Aharonian, Atoyan...

Energy-dependent
propagation of CRs.




GeV- TeV Morphology Gabici, Aharonian, Atoyan...

Energy-dependent
propagation of CRs.

10TeV-y -

GeV-y

10TeV-y SNR
(radio/X) 10TeV-y

TeV-y SNy



GeV- TeV Morphology
Dg o E* (a: unknown)
Viick o g™
Pulsar

(D 10TeV tO) 1=

SNRD FEAFFZ t =t,,,— to ICCRDISMA DAY

?a_ot_ab\frm\étﬂﬁl_\ CROIGEDHEFH
FHAICBAS N B ?




Decl. (J2000)

TeV uniIDs are old SNRs or PWNe?

TeV uniDY—ADERM DI NETERSNTULVELY,
CHNIICTARFR DR, LT D2XK KR ITHEIF,
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Electron acc. at Cas A’s reverse shock

Uchiyama+, Helder & Vink, ...
Evidences for acceleration

at reverse shock.
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Ellison et al. (2005)

Reverse shock M9 < AN (L
DHIZB, L. Ejecta DiIZTHY .
compact stard)ﬁiiiﬁh\SNRﬂ)ﬂ Z 5
[2EHEHTEIFEIXEIN-ED,
(A : By,=10''G, 3x1010G)
E-T., —R&IZ.

B, <<Bg~afew pG.
ZNDEHMGIEE . reverse shockTD
AEIE . synch. X-rayZ#H I (FET
(70 ?
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