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H.E.S.S. survey of the inner Galaxy in VHE vy rays Aharonian et al. (2006)
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Astron. Astrophys. 125, 249-257 (1983)

The maximum energy of cosmic rays accelerated by supernova shocks
P. O. Lagage and C. J. Cesarsky
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Theory gives T, '= 5 = 3 {&+&} .. (1)
Bohm factor Bohm#i %&1%%&2%1/3)2&

- /
Assuming that D and u, = uy/4, Dy/uy = DyJuy, m=1m2=1

then,
1 dE 3 ZeByu?

Note: 7~ (By/oB)2| B dt 8y Ec e (2)

Let the shock speed 1 (=c ;) be constant in time, we have

E]IE,}: — 2285131’&11}: — EZE'S]_B]_L (3)
81] 81]

at the epoch t (where 7, — 4.+ ).

In the heliosphere n ~ 10-100, but in strong astrophysical shocks
we expect n ~ 1 (Bohm limit).

Example: Norman et al., “The origin of CR>1018°5eV” ApJ 454, 60, 1995.
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In the heliosphere n ~ 10-100, but in strong astrophysical shocks
we expect n ~ 1 (Bohm limit).

Example: Norman et al., “The origin of CR>1018°5eV” ApJ 454, 60, 1995.



Lagage and Cesarsky (1983)
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Smart & Shea, 1985

Shock propagation speed: from corona to 1AU
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energy spectrum for the 1989/9/29 solar event Lovell etal., 1998
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Where Is the acceleration site
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Hillas’ argument on the maximum attainable energy
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(from Nagano and Watson, 2000)

Emax: the maximum
energy attainable through
the acceleration process

Z: Charge number

S: plasma velocity (u/c)

B: magnetic field strength

L: system size

Shock acceleration

Reconnection
(5 B: electric field)
Trapping condition:
(pg<=L)
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Mon. Not. R. Astron. Soc. 314, 65-74 (2000)
Non-linear amplification of a magnetic field driven

by cosmic ray streaming
S. G. Lucek™ and A. R. Bell™
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Gradual SEP ... acceleration at CME shocks Lee, 2005

Diffusive shock acceleration

——

CPAIIUEOD B TR

Fic. 2.—Schematic snapshot of an evolving coronal/interplanetary shock
driven by a CME. Accelerated ions are denoted by dots. Magnetic field lines are
shown, with wiggles denoting magnetic fluctuations. The spatial domain ac-
cessible to the ions is divided into solar wind (1), a proton-excited turbulent

sheath upstream of the shock (2), and the turbulent shock-heated solar wind
downstream of the shock (3).
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SN1006 shock-accelerated TeV electrons — synchrotron radiation

We expect that the spherical
shock Is seen circular
(projection effect).

However, the hard X ray image
has a bipolar shape. Why?

The magnetic shock geometry
should be responsible for this
bipolar nature.

Volk, Berezhko model .... quasi-parallel shock

Chandra Hard X ray image (Weisskopf and Hughes, astro-ph/0511327)



SN1006 shock-accelerated TeV electrons — synchrotron radiation

We expect that the spherical
shock Is seen circular
(projection effect).

However, the hard X ray image
has a bipolar shape. Why?

The magnetic shock geometry
should be responsible for this
bipolar nature.

Which geometry is more
likely?

olk, Berezhko model
Yamazaki, Bamba model

Chandra Hard X ray image (Weisskopf and Hughes, astro-ph/0511327)



Shock drift acceleration Diffusive shock acceleration

Scholer (1985)

Chuieh (1988)

shock front
upstream downstream

MHD waves

U,

supersonic  subsonic

Purely Purely
perpendicular shock parallel shock
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Shock drift acceleration Diffusive shock acceleration

Scholer (1985)

Chuieh (1988)

shock front
upstream downstream

MHD waves
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W
il

Oblique shocks
(q-perp & g-para)

—>

Both processes should contribute
Purely Purely

perpendicular shock parallel shock
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supersonic  subsonic
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Drury’s theorem (1983, Rep. Progress in Phys.)
MOBEIR: MHEITEDNITEESEEFEDE)IEREL:
EBREDIRILF—ARTILIZOITIREFLELY,

In obligue shocks, the DSA process gives the power-law spectrum for
accelerated particles with the index v,

Ul,HT COS Ol + 2U2,HT COS 62 \J! %UZ,HT

’Y:

Y\

In terms of normal velocities, this becomes

>
Ul,n + 2U2,n /

’Y —
Ul,n - U2,n )
L U, y7,U, it flow velocity parallel to B
which is the same as purely parallel shock case. (de Hoffmann-Teller velocity)
Assumption:

(1) Particles are almost isotropic at the shock front
(2) Steady state is reached
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