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Science with CTA
Cosmic ray acceleration by SNR

Optical observations

Gamma-ray signatures of cosmic ray acceleration,
propagation, and confinement in the era of CTA

F. Acero®, A. Bamba®, S. Casanova®”“** E. de Ceal!, E. de Ofia WilhelmiP,
S. Gabici®*, Y. Gallant®, D. Hadasch’, A. Marcowith®, G. Pedaletti’, O.
Reimer®** M. Renaud®, D. F. Torres"8, F. VolpeP®, for the CTA
collaboration.

If SNRs indeed are the sources of CRs,
they have to convert ~ 10% of their explosion energy into accelerated par-
ticles. Since the explosion energy of a supernova is a remarkably constant
quantity close to 10°! erg, a rough estimate of the expected gamma-ray flux

from a given SNR can be obtained if one knows the density of the ambient
medium, and the SNR distance.

Acero et al. Astroparticle Physics (arXiv:1209.0582)
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® Supernova rate and kinetic energy

® SNR type and distance
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HST, optical Cﬁgndra, X-ray
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Extra-galactic (point source) @ Galactic and LMC/SMC

e ~300-500/yr ® ~200 in our Galaxy
R~ 10" cm,v~ 10,000 km/s ® R >~ pc,v < 3,000 km/s

Luminosity <= radioactivity = ® Luminosity <= shock

Optical ® Radio-Opt-X-Gamma

® Lopt~ 10* erg/s ® [x~10% erg/s
absorption-line spectrum ® Synchrotron

=> emission-line spectrum + brems + emission line

(thick => thin)



Discovery of extragalactic SNe
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Optical spectra

Type ll: Hydrogen
Type |: No hydrogen

la: Strong Si
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Ib: Strong He

Ic: No strong Si/He
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Planetary Nebula
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Small Star Red Giant

White Dwarf
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11/1b/lc

Supernova

Red Supergiant

g-dhamatie. Large Star
Stellar Cloud
with
Protostars

IMAGES NOT TO SCALE (C: Essay Web) ~ Black Hole



Optical light curve
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Core-collapse SN rate

Initial mass
function

max SN )dM

min,SN
M

S sz( )dM

Mmln

Star formation rate \
| (Msun/yr) 0.01 (/Msun)

Galactic SN rate
~ 0.0l SN/yr (=1 SN/ 100 yr)



Core-collapse
| SN/100 yr/Gal

Expectation from SFR
Dahlen+04 (HST/GOODS) +—e—i

Botticella+08 (STRESS)

Bazin+09 (SNLS)

Li+10 (LOSS)
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SN rate ~ 1/2 x expectation
Dahlen et al. 2004

» Dust extinction? Botticella et al. 2008
Luminosity function?  Bazinetal. 2009
Li et al. 201 |

(Type la rate ~ 1/3 x core-collapse rate) see also Horiuchi et al. 201 |



Kinetic energy
E=(1/2) M v2

HST, optical Chandra, X-ray




Type la: Observational test
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Kinetic energy

MT+I1
MNRAS,
410, 1725
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® Nuclear energy production

e E(nuclear) = [1.56M(56Ni) +1.74M(Fe) +1.24M(Si)] x 10°!
~ (1.56x0.6  + 1.74x0.3 + 1.24x0.3) x 10°!
~ 1.8 x 10°! erg

® Kinetic energy = Nuclear - binding energy

® FE(kinetic) = E(nuclear) - E(binding energy of VWD)
~1.8x10°'-05x10°! ~ 1.3 x 10°! erg



Core-collapse supernovae
Type Ib/Ic

0 10
Days since Maximum

Drout et al. 201 1, Ap), 741, 97




Kinetic energy  type 11/1b/Ic
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Hypernova Branch
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! biased sample !!

see eg., MT+09 ApJ, 692. | 131
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Hamuy 2003, Ap), 582, 905 _
1 1 1 1 1 1 1 I :
10

10°! erg  Energy (foe) 10°2 erg

Not very biased sample

CAVEAT: luminosity function?
(Li et al. 2011, MNRAS, 412, 1441)




Galactic SN rate
~ ISN/7100yr2?

Type la SN
E=1.0-1.5x 10> erg
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® Supernova rate and kinetic energy
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How to find echoes

4 arcmin

2 arcmin

Rest et al. 2008
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Tycho’s SN = Type la

Krause, MT+2008 Nature, 456, 617

normal type la

SN 1994D

High-velocity
| Cal

SN 1572
(Tycho)

SN 2001el
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by Camille Flammarion (Paris, 1884)




Cas A = Type lIb
(thin H layer)

5000 6000 7000 8000 9000
Krause et al. 2008 REST WAVELENGTH [A]
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Distance to Tycho’s SNR

distance modulus
= [m(obs) - ] - M(abs)
= (-4.0 ~ =4.5 mMag) Tycho Brahe (1603)

= )
= (- 19.0 +- 0.3 mag) Standard luminosity of
Type la SNe

Chéevalier et al. :Schwa 7 et al
 HIabso pt

Albinson et al. C p 1 t

d = 3.8 (+1.5 -0.9) kpc

: ES hwarz et al
Gha amian et al

Rui Lapuente et al. |——|
Ruiz Lapu nte |—°—| Krause et al.

% VOlk et al

This work

Hayato et al. 2010

Distance (kpc)



A promising method (future)

Polarization
maximum
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Depth z=0
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Polarization phase curves for 2002 December
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V838 Mon
d=6.2 +- 1.2 kpc



HST, optical andra, X-ray

Light echo
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Space

Opt/IR surveyor

(1-2m class)

Euclid (2017-) 0.5-2 um )

WFIRST (2-) 0.7-2.5 um SPICAN Vo

WISH (2-) 1-5 um SPICA (20227-)
5-200 um

JWST (2-)
0.7-25 um
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T™MT
Thirty meter telescope
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(a) Broad—band
point source image

H TMT+AO(30m)

¢ TMT

o Subaru(8.2m)

e JWST(Space 6.5m)

10-29
erg/s/cm2/

. 1 % o
Wavelength (um)

0.01 arcsec resolution! @ NIR
(better than JWST)



H alpha filament in
Tycho’s SNR

Lee et al. 2010, Ap), 715, L 146

At 4 kpc
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