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Shocks and Particle Shock Acceleration

A. Importance of Shocks in the Cosmos
B. Key Questions
1. Dependence of Shock Structure on Flow Parameters
2. Are Shocks in the Cosmos Planar and Stationary?
3. Particle Injection and Diffusive Shock Acceleration
4. Amplification of the Magnetic Field at Shocks
5. What is the Role of Turbulence in Shock Structure?
C. Numerical Simulations of Shocks
D. Laboratory Experiments on Shocks
E. Discovery and Exciting Shock Case Studies
1. Supernovae Shocks and the Origin of Galactic Cosmic Rays

2. Heliospheric Shocks: Examples in Different Domains of
Plasma Parameter Space

F. Concluding Statement



A National Initiative to
Understand the Acceleration
of Cosmic Rays

Interdisciplinary Investigation

*Supernovae Remnants
Diffusive Shock Acceleration

*Galactic Cosmic Ray Propagation
Extragalactic Acceleration

Requires Diverse Observations



Supernovae Remnant Shocks

Evidence for magnetic field amplification at shock
(Vink & Laming, 2003; Vélk, Berezhko, Ksenofontov, 2005)

Kepler 1604AD

Bell, 2009

SN1006 Cas A 1680AD

Chandra observations

A/CXC/Rutgers/  NASA/CXC/Rutgers/ NASA/CXC/NCSU/  NASA/CXC/MIT/UMass Amherst/
Ighes et al. J.Warren & J.Hughes etal.  S.Reynolds et al. M.D.Stage et al.



The Nuclear Component
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Opportunity for Success

Basic Viability of DSA
*Viable Models of B Amplification

Current Measurements of SNR: X-
rays, y-rays (e.g. HESS, FERMI)

Current Cosmic Ray Measurements:
e.g. PAMELA, ATIC, ACE

3D Simulations of DSA
*Need Advanced Propagation Models

Must Put Together!



Many Interesting Puzzles

*Discrepancy in GCR Nucleon Index

heory Should Predict Concave Spectrum

*Discrepancy in the Electron Index
Small GCR Anisotropy

Electrons Require Nearby Source
*lon and Electron Injection Rates
Etc.



Investigate Shock Structure
and Formation in the
Laboratory

Several New Facilities
*Improved Diagnostics



UCLA: Exploding laser-produced plasma

In a large magnetized plasma
20 m

B (0.3 - 2 kG)

anode B-dot probes, etc.
30 J laser
1014 W/cm?2 Large Plasma Device (LAPD)
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Perpendicular shocks: il 2

V. =500 km/s (M,=2.5)
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C. Constantin ef al., Astrophys. Space Sci. 322, 155 (2009)
W. Gekelman et al.



Experiments at the National Ignition Facility
could be designed that create CSW at M,>10

* MJ in 20 ns and 192 beams into 10 m chamber
* NIF is now operational and transitioning into a user facility

 photoionized gas
* magnetized flows
* colliding plasmas
« multiple shocks ...

With adequate

magnetization:
(1013-1014 cm-3, few 100 G)

M, >10
D/(c/w;) > 100
W, > 100
A;/D > 10




Critical Measurements for
Various Plasma/Shock
Parameters

*Shock Formation Timescale
*Electron Dissipation

Dissipation of Multiple lon Species
*Electron Acceleration by the Shock

Support with Simulations



What is the Connection
Between Astrophysical and
Heliospheric Shocks?

The Heliosphere as a Shock Laboratory



Voyager 1 at the Termination

Shock

A
i ,
T M T M T M T M 1
358 360 362 364 366

Heliosheath

it

352

b

TS
3“

s

R
' 3'50

251 Solar
0.20 Wind
0.15 ]48 secavg

. L)

48

0.25
0.10
0.05
0.00

Q=
£
m

366

DN

A/
364

352 354 356 358 360 362
DOY 2004

350

0.025

348

........

Heliosheath |

N

Y W WY eyl ITErarE WA Ere e
TS TS A E AT AT AT ST N VAT T AN U ar T I
200 250 300 350 400 450
DOY from 2004.0

Termination
Shock

Voyager 1 Magnetic Field

Solar Wind

A

500

0.2 |24 nr avg

0.3

WU\«
45 |-C

n Lasaa bl o a sl

50 100 150

Burlaga et al., 2005



Distance of Voyager 1 from Sun (AU)
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Important Issues

lon Injection

*Role of Upstream Inhomogeneities
*Acceleration at Nearly Perpendicular

Shocks

Instabilities at Q-Perp Shocks

Nature of Low-

*Scaling for Hig
Astrophysical S

3 Shocks in Corona
n Mach Number

Nnocks

Variability of SEP Intensities?



Shocks and Particle
Acceleration
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