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Galactic cosmic ray

SNRs are though to be the origin
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Observations of SNRs

TeV y-ray

N.E. Region

SW Region

- - Cassam-Chenai et al. 2008 Acero et al. 2010

f%Radio:e' acceleration up to GeV (~300 SNRs)
DT ray:e acceleration up to TeV(~10 SNRs)
'f,j_)GeV-y:p acceleration up to TeV(~10 SNRs)
_ TeV-y:e or p accelerations up to 10TeV(~10SNRs)

He 10'55eV?, 1050 erg/SN?, K., = 1027, dN/dEccE??



Diffusive Shock Acceleration(DSA)
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Axford 1977, Krymsky 1977, Blandford&Ostriker 1978, Bell 1978



Effects on the spectral index

dN/dE ocES
Standard DSA theory s =2 Blandford & Ostriker, 1978
CR pressure s <2 Drury & Volk, 1981
Alfven wave drift s > 2 Zrakashvili & Ptuskin, 2009
Escape of CR s >2 Ohira,Murase,Yamazaki, 2010
Anisotropy s>2 Belletal., 2011
Neutral particles s >2 Ohira, 2012, Blasi et al. 2012
Sub diffusion s >2 Kirketal., 1996

2nd order Fermi s=7? Fermi, 1949



Synchrotron radiation from accelerated e

Relativistic e + Magnetic field = Synchrotron radiation

dN,/dEecES > F ocy (D2

Veyn = 0.29v° Q. / 2 ~ 5X 10° HZ X Ee* B g

1 GeVe +300uG -2 v, ~ 1.5GHz

syn
10 GeV e + 300uG > vy, ~ 150 GHz
100 GeV e + 3uG S v, ~ 150 GHz

100 GeV e+ 10uG -2 v, ~ 500 GHz

Radio synchrotron is important for 1-100 GeV e-



Spectral index in SNRs, s

Spectral index of radio synchrotron flux, f,ecy -
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Reynolds et al., 2011, SSR

o = (s-1)/2

60 Not universal?

dN/dEocES
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E* dN/dE (eV.eni® 5)

Young SNRs (SN1006)
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€iev CTA can identify the emission mechanism?



Abdo et al.,

E2dN/dE [ MeV crm2 s1]

E2dN/JE [ MeV cm2s-1]

Young SNRs (RXJ1713)

2011, ApJ, 734, 28
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~1yr time variability of x rays
91:acc’ cool ~ LYT
-2 B~1mG B-field amplification ?

Can CTA observe the time variability?
W, <0.3%x10°%(n/0.1cm?3)terg



Young SNRs (Tycho)
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Young SNRs (Tycho, SN1006)

Thin filaments are observed not only in x ray but also in radio.

- Magnetic damping? (M. Pohl et al., 2005, ApJL)
Where are electrons accelerated? Shock? Downstream? CD?




Young SNRs (Magnetic Field)

o | Everywhere,
7 radial direction
- for young SNRs

(Dickel & Milne, 1976)

—

* Why?
- Rayleigh-Taylor instability?
(e.g. Schure, 2010)
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Young SNRs (RCW8
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Fig. 1. (Left) The eastern rim of RCW 86, as observed in 2007 with Chandra. Red indicates the 0.5- to 4
1.0-keV band; green, the 1.0- to 1.95-keV band; and blue, the 1.95- to 6.0-keV band. The northern part 0 lAy-1||\\”I|“H\|||H|||”|||\|I||\I|H||||\H| |||||\||I|‘|IH iyl
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has relatively more flux in the higher-energy bands, which is characteristic for synchrotron emission. — -
(Right) Blue is the broadband keV Chandra image; red is the image as observed with the VLT through a

narrow Ha filter. The regions (yellow and red) indicate where we measured the proper motion. In both _ _
panels, the location where we took the optical spectrum is indicated with a white line. 2000 1000 0 1000 2000
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Fic. 4 —Broadband (vF,) spectrum of the NE region, with the 847 MHz
flux density based on archival MOST data. The models consist of synchrotron

radiation from a power law and concavely shaped electron energy distributions Eff eCt S Of neu t r al h y d ro g en at oms

with exponential cutoffs at high energies, convolved with the synchrotron

emission function (Ginzburg & Syrovatski 1965). The radio spectral index is Oh I ra et aI . (2009)’ Oh I ra & Takah ara (20 10)’ Oh I ra(2012)

fixed to @« = —0.6 (Caswell et al. 1975).




Mumber of Knots
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FiG. 4—Histograms of projected radial position for (a) knots flatter th
o= 0.77 and (b) knots steeper than o = 0.82. Overlain in dotted lines,
comparison, are models of shells with uniform knot distributions and im
and outer radii (a) 95"-130" and (b) 140"-170".

Hard spectra at inner regions

Soft spectra at outer regions
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Young SNRs (Cas A)

fsyn,vcczv P
dN/dEecE™S
o = (s-1)/2

o=0.77

- s=2.54

Comparing the y-ray index with radio index,
we can identify the emission region.



Middle-aged (10%yr) SNRs (W44)
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Middle-aged (10%yr) SNRs (Fermi SNRs)
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Figure 3: (Left) Radio flux (synchrotron) vs GeV vy-ray flux for MC-interacting SNRs. The y-ray energy flux
integrated over 0.1-100 GeV and the radio flux, v £, at 1 GHz, are shown. (Right) Mean surface brightness
of the synchrotron radio emission and GeV 7y-ray emission. The flux-flux plot is converted into this form
using the solid angles of the radio remnants.

Radio vs TeV? Uchiyama 2011
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Middle-ag ed(lO4 r) SNRs (H,*)
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Indriolo et al., 2010
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Very Young SNRs (SN1987A)
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Fig. 1. Diffraction-limited Stokes-I continuum image of SNR 1987A at
3 mm from observations made on 2011 June 30, July 1 and August 2.
The image is restored to a 0”7 circular beam (plotted in the lower left
corner). The off-source rms noise is ~0.5 mJy beam™'.
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Spectral Index

tage ~ 25 Y1, AN/E oc E24

The spectral index is not uniform.
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Fig. 5. 3-mm — 3-cm spectral index image. The spectral index « is de-
fined as S, oc v* and was determined from the ratio of the 3-cm image
from observations performed on 2011 January 25 (Ng. et al., in prep.)
and the 3-mm image from observations around July 2011. Both images
were restored on a 02’7 circular beam and centred on the VLBI position
of SN 1987A determined by Reynolds et al. (1995) (blue square). The Fig. 2. IR-radio SED of SNR 1987A with data from Matsuura et al.
images are overlaid with contours representing the 70% and 90% flux
density levels (white: 3 mm; blue: 3 cm).

Broken power law spectrum
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(2011), Lakicevic et al. (2011, 2012), Zanardo et al. (2010), and this
work. Power laws are fitted to A > 30 cm, and two different models for
dust emission are plotted (cf. Lakicevic et al. 2012). The upper limit of
1 mly is plotted for any emission in the centre of the 2011 image at
3 mm in addition to that extrapolated from the synchrotron power-law.

Lakicevic et al. 2012

Cooling break?
B field amplification



Very Young SNRsS (SN1993J)

Marti-Vidal et al..
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Very Young PWNe? (SN1986J)
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(An animation of this figure
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ble in the online journal.)



Summary
Standard DSA predicts dN/dEecE~?

Observations show s # 2. dN/dEe<cES
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Magnetic field is strongly amplified around SNR shocks

ICRSDARIRILEFIUXDRENEE

Magnetic field directions are radial for young SNRs
and tangential for old SNRs

About 50 very young SNRs (Radio Supernovae)have been observed.

CTA will be able to observe extragalactic SNRs and PWNe



