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‘ SNRs on Hillas plot

Hillas-plot
(candidate sites for E=100 EeV and E=1 ZeV)
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Another Hillas plot

1o e * Fig. 6. “Hillas plot” showing (chain curves) magnetic field vs,
gyroradius for proton momenta 10, 10°,..., 10* eVic. The
solid curves correspond to those in part Fig. S(b) such that the
parameter space of accelerated particles s to the left of the
curve corresponding to the chosen acceleration rate parameter.
Typical size and magnetic field of possible acceleration sites
(taken from Hillas [22]) are shown for neutron stars (ns), white
dwarfs (wd), sunspots (ss), magnetic stars (ms), AGN (ag),
interstellar space (is), supernova remnants (sn), radio galaxy
lobes (rg), galactic disk (d) and halo (h), clusters of galaxies (cl)
and intergalactic medium (ig). Typical jet-frame parameters of
the synchrotron proton blazar model [21] and gamma ray burst
model [30] are indicated by the open squares labelled “bl” and
and “gb”.
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Protheroe, APh 21, 405 (2004) 4
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o E

max

. The maximum energy of

accelerated particles

o Er/Eq\:

The efficiency of particle

acceleration

e B : The magnetic field

o K: The diffusion coefficient

©B) (T

e e/p:

he magnetic turbulence)
The ratio of electrons to protons

T. Yoshida
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Log, Efdt],;"dE,. GeV cm s

Logs E?. GeV

Fic. 3—Gamma-ray emissivity at IC 443 produced by particles
(electrons and protons) with momentum spectrum dn/dp=p~2 cm™3
(GeV ¢~ ')~ 7, interacting with interstellar matter with nucleon number
density 1 cm™ > and with interstellar (IR/O) and cosmic microwave radi-
ation fields of Fig. 1. Dot-dashed line: n° production; solid line: bremsstrah-
lung; long-dashed line: IC on interstellar (IR/O); short-dashed line: IC on
infrared radiation at IC 443 ; dotted line: IC on microwave.
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FiG. 4—Best fit (fit 1) to EGRET observations of IC 443, including
upper limits (thick solid line). Whipple ( Buckley et al. 1997) and HEGRA
upper limits ( Prosch et al. 1995) are not included in the fits. The small IC
contributions from the interstellar and source IR radiation are not shown
in this and other fit spectra. Other lines, as in Fig. 3.

Gaisser, Protheroe & Stanev, ApJ 492, 219 (1998) 8



Nonlinear kinetic theory ot shock acceleration in SNR

log M {o.u}

log N f{o.w)

3

-3 o

Qverall proton momentum spectrum

“Nonlinear” = Back
reaction from
accelerated
particles are taken
into account (NOT
a test particle

approximation)

]

Efficient acceleration: o
p2(p17 for p/mc>>109)
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the injection rates 7 = 10~ (a,b) and n = 10~ (c,d), ISM magnetic field By = 5 uG (a,c,d) and By = 30
4G (b, the cjecta velocily distribution (13) (a,b,e) and the uniformly moving ejecta (d), expanding in a uniform ISM with number

density Ng = 0.3 em™3; 1 = 1893 yr.

Berezhko & Voelk, APh 7, 183 (1997) ?
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Electron Energy Loss Timescale (vears)
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' GeV SNRs

EsTiMATED Cosmic Ray DENSITY IN THE VICINITY OF FOUR SUPERNOVA REMNANTS
WHicH ExHiBIT GAMMA-RAY EMISSIONS

Mc Eq. (5) Eq. (6)°
n d 10°%° E,=1,v=001 107%cm~?s"! Observed
Name em~®  kpc  H-atoms 10°8cm 2s7! g = 1 107 %ecm 25! ag®
(1) (2) (3) (4) (5) (6) (7 (8)
W28 ......... 1.3¢ 1.8¢ 36° 0.18 0.22 559 + 6.6 254
Wda4 ... 24 3 2858 0.12 0.62 50.0 + 8.0 81
y Cygni...... 1.1f 1.8 104" 0.15 0.65 126.5 + 6.9 195
IC443....... 0.37° 1.5 59! 0.07 0.52 500 + 3.9 96

" Mgy 18 derived from the product of the spherical supernova remnant volume and the local interstellar medium
density.

" The value of @y is inferred from the observed intensity and Eq. (6).

* From Pollock 1985.

4 From Goudis 1976.

* From Wooten 1981.

I Derived from the three-dimensional matter distributions calculated for the work reported by Bertsch et al. 1993,

* From Wooten 1977.

" From Cong 1977 as reported in Pollock 1985.

' From CO observations (Cornett, Chin & Knapp 1977).

ower: Jer (SNR)/ I g(solar neighborhood)
~150 <> E_.~10%%rg ~0.1 Eg

[GFREIREE R TFEILLLY, Esposito et al., ApJ 460, 821 (1996) s



TeV: Whipple upper limits
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Fig. 8. Whipple wvpper limits (W) shown
along with EGRET integral fluxes (filled tri-
angles). integral spectra (filled circles) and
approximate flux upper limits from Espos-
ito et al. (1996) (E). These are compared
to extrapolations from the EGRET integral
data points (solid curves), as well as a con-
servative estimate of the allowable range
of fluxes from the model of Drury et al.
(1994) (dashed curves). Also shown are
CASA-MIA vpper limits (CM) from Bori-
one et al. (1995, CY GNUS upper limits (C)
from Allen et al. (1995), and the ATROBICC
upper limit (A) from Prosch et al. (19946)
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High energy electrons in SN1006
suggested TeV gamma-rays via IC process

ASCA image of SN 1006
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B ERE SN1006
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'SN1006 spectrum: TeV flux smaller?
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photon energy & [eV] Fig. 5. Differential n°-decay (solid lines) and IC (dashed lines) y-ray

energy fluxes as a function of y-ray energy for the same cases as
in Fig. 2. The recent differential high energy y-ray energy flux data
(Tanimori et al. 2001) and EGRET upper limits (Naito et al. 1999) are
also shown.

Naito et al., AN 320, 205 (1999) Berezhko et al., AA 395, 943 (2002)20



B E7%8% RX J1713.7-3946

17h15min © 17 h 11 min

CANGAROO-II (Enomoto HESS 2003 (Nature, 432,
et al., 2002) 75 (2004)
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More TeV SNRs?

Uene, talk in Kyoto, Dec 2003
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PeV SNRs?

. X— and gamma—rays from p—p interactions
—
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Figure I. CR intensity near the Earth as function of the kinetic energy. Experimental points are
taken from Shibata (1995}, Solid (dashed) lines correspond to calculation for hot (warm) ISM with
injection rate 1 — 10—%. Dot-dashed lines correspond to hot ISM with magnetic field Bg — 12 uG
and p = 5 = 1o—*,
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o Hadronic or leptonic
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o Dark matter origin??
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AGN: hadronic vs leptonic

Hadronic

1 SSC (Synchrotron-Self-Compton)
= X-ray & TeV (X8R

0 FERFRIE &)
Leptonic
o Proton-synchrotron + proton-cascade

BUT absorption by IR = Intrinsic spectrum
modified...
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Fig. 5. The upper panel shows the evolution of the SSC emis-
sion of the source where only the slope n; of the high energy
part of the electron spectrum was modified during the simula-
tion. To calculate the correlations presented in the lower panel
we selected the same spectral bands as in the previous mod-

eling. Thin lines in the lower panel show a template for the
correlations.
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‘ Synchrotron proton blazar model
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Attenuation by infrared photons
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H1426+426MD 45

H1426+428: HEGRA CT system
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Figure 3. EBL data and corresponding models. Left panel:
MK]1 (dashed line), MK2 (solid line). The MK data are rep-
resented with filled triangles. Right panel: DW1 (dashed line),
DW2 (solid line). The DW data are represented with open cir-
cles. In both the two panels are shown: Cl (dotted line), data
from Bernstein et al. (filled squares), Madau & Pozzetti (filled
circles), Elbaz et al. (cross) and Papovich et al (open triangle).
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H1426+4260 Update
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Figure 7. Fit of the H 1426 4+428 spectrum. We hawve assumed
an EBL model given by: (a) optical background (0.3-1.2 gem):
Madau & Pozzetti 2000; (b) near infrared background (1.2-4.
pm): DIRBE (Wright 2001) with the ZL model of Wright &
Reese (2000); (c) middle and far infrared background : model of
Totani & Takeuchi (2002). The model of Totani & Takeuchi for
the NMIRB and the FIRB has been rescaled in the 5-30 pm range
assuming different wvalues of the EBL at 24 pm, in particular as-
suming: 2.7 (solid line), 3.0 (dotted line), 3.3 (short dashed line),
3.5 (dot-dashed line) and 3.8 (long dashed line) nW m—2 sr—1.

The observational data reported here are from CAT 19922000
(filled sguares), Whipple 2001 (filled triangles), HEGRA 1999-

2000 (filled circles). Mapelli et al., astro-ph/0410615 38



GLAST database: a tinding chart

GLAST will detect thousands of blazars...
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FIGURE 2. Left panel: Spectra of protons accelerated at the accretion shock of a Coma-like cluster.
The horizontal line represents the result of the linear theory (see text). Right panel: Gamma ray fluxes
for a Coma-like cluster compared with the HESS sensitivity for point sources. The external temperature
is assumed to be 10°K (two upper curves) or 10*K (two lower curves).

Shocks in ICM: ~1000km/s, ~1Mpc, ~uG, 104-10°K

Gabici and Blasi, astro-ph/0411028 40
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