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Fig. 1. Trajectories of the deep space probes Pioneer 6 and Pioneer 7 in & rotating coordinate
gvetern with the earth-sum line held fixed. Tics indicate the positions of the spacecraft cvery
tenth day, starting on January 10 of each year.
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Fig. 12. An azimuthal intensity distribution
for 15- to 18.7-Mev protons consistent with ob-
servations of the rise to maximum at Imp 4
and the decays at Imp 4, Pioneer 6, and Pioneer
7. R. B. McKibben, JGR, 77, 3957, 1072
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Fig. 14. The time to maximum intensity for
Auxez of 15= to 18.7-Mev protons plotted as a
function of azmmuthal separation from the fAare
s1te.
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Reames, Kahler, & Ng 1997, ApJ 491,414

L ongitude Distributions
(Invariant Spectra)

10

T 3 MeV P

= 10° 3-6 Me rotons

o -4

C:In 10 ....... | I TN S BT 1 | I T R R T 1 | I T R R ST 1 | I T R T Y | T T R R

£ 1 2 3 4 5 8 7

:—cf' 79 Mar

[47]

c

el T [ T ]
2 Time Interval A Time Interval B

10° | : _‘\\ ]
10! | 1t f ]

1 2 4610 20 40 1001 2 4 6 10 20 40 100
Energy (MeV) Energy (MeV)

Glenn Mason -- STEREO workshop Paris March 2002 Page 6




Sun

@ \__,.-—/ . Shock

_ from Reames et al., ApJ, 466, 473, 1996
Glenn Mason -- STEREO workshop Paris March 2002 Page 7



Shock acceleration of 20 MeV protons

VS. source location on sun
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The big picture --

« CMEsarelarge structures that drive shocks
that can accelerate energetic particles

* Dueto thewinding of the interplanetary
magnetic field, the events are not at all
symmetrical: therefore the connection of the
observer to the CME/shock has alarge
Influence on the observed intensities
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Outstanding I1ssues --

® Only rough idea of CME/shock geometry
— on small distance scales
— on global distance scales

® We don’t know the correspondence between CME images
and the shocks & energetic particle population

Shock acceleration theory predictions don’t work well
We don't know what the “ seed particles’ are

® Wedon't know where the early arriving particles are
accelerated
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Shock acceleration theories --

o diffusive shock acceleration theories

— steady state; particles accelerated in
compression near shock; constant intensities

downstream; decay scale length upstream
(Axford, Fisk, Lee, Bell, Forman, etc.)

e recent work

— attempting to include shock geometry,
propagation to observer (zank & Rice, Lee, Ng, etc.)
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Key parameters for shock
acceleration --

* Angle between shock normal and local magnetic
fieldO,,

e Compression ratio of upstream to downstream
plasma

« Seed population: what are the ionsthat are
actually accelerated? solar wind?
suprathermals?

 do single point observations give a correct
picture?

Glenn Mason -- STEREO workshop Paris March 2002 Page 13



Upstream Z Downstream

® Y

Shock
Fig. 1. Coordinate system for the shock frame.

M. A. Forman and G. M. Webb, Geophys. Monograph #34, p 91, 1985
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DEcKER: PARTICLE ACCELERATION
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Fig. 1. (&) Mustration of shock surface (dashed curve) given by
(1} and projection onto (x = 2 plane of sample proton orhit as
viewed from the shock frame

R. B. Decker, JGR, 95, 11993, 1990
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Study of shock with
surface ripples:

e complex behavior within
an event --

e multiple intensity
spikes

|arge variety of
structures

e flux-time profiles depend
markedly upon path through

ripple
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Ahead @ +22°/year
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Figure: P. Sharer, STEREO PDR
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Studies:

CME
geometry
*Shock surface
roughness
*Particle
acceleration
*Sites of
Acceleration
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SPECTRAL INDEX
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Fig. 12. Spectral index ; plotted as a function of the hy-
drodynamic shock strength H. The index was derived for the spec-
trum constructed from the average flux during 10 min immediately
after the shock passage. The solid curve indicates the theoretical rela-
tion y = (H + 2}2H — 2)~"'. Points within the dashed lines are con-
sidered to follow the relation, because of the uncertainty of 25% in H.
The events from the different classes are distinguished by different
symbols.

van Neset al., JGR, 89, 2122, 1984.
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Shock accelerated particles:

esurvey on 75 shocks

scorrelation of spectral index
vs. shock compression ratio

e v = (H+2)/(2H-2)

(H = ratio of downstream and upstream plasma
density)
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SHe enhancement in large Nov. 6, 1997
CME related solar particle event: 0.5-2.0 MeV/n
10° ————

*He /*He |= (21 £ 0.8) x 10 ACE/ ULEIS

Counts / bin

2 3 4 5 6
Mass (AMU)
Mason et al., GRL, 26, 141, 1999

Glenn Mason -- STEREO workshop Paris March 2002 Page 22



T S A T |

10°

e
=,
UL ELLE DL R R
W
in
L o]

particles/(cm® s st MeV/nuc)

: .'ﬂ'" e

N ELTE N

' AGEI'JE_EES 0.5-2/0 Mevmucmrn
I |

IEI

mj || O
E 10 ;”G(I;-anlls PO | T T I: L ,)
= o ;i . H . H .
£ - - : : 5
> 10°
[15]
5 1077 :
@ SR R e
w 10° S ST W T
§§ | ACEMAG hagneﬁc Field Mfagnitude' E l (C) i
c 2 " ]
(= 15 E -‘-?f *f."‘ﬁ
— {0 . | ¥ N
N 5 f.'\'h'ﬂw i'h-é-:""* W_
D 1 - boos o | ‘.'IE" | b :
~ Egg | ACE/SWEPAM SolarWind Speed L&{’:_ i
P 470 e
: i :
> 290~ ; ]
200 TS ST R N SR o E o

June 2000, UT Date

Glenn Mason -- STEREO workshop Paris March 2002

Page 23



Heavy ion abundances in interplanetary shocks
Inter mediate between gradual and impulsive solar
particle events
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Shock acceleration: problems

* |ntensitieswrong or unaddressed
e Spectral indiceswrong

e Composition wrong (i.e. seed population Is
not bulk solar wind)

e Solutions:
— use right seed population _but what else?

— Improved theory vs. OK theory but inadequate
treatment of shock geometry / surface?
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Suprathermal
tail:

*many
contributors

egpatial and
temporal
variations

adapted from Mewaldt, Mason, Gloeckler et al., AIP CP#598, 165, 2001
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Suprathermals show 10-100 times more
variation in intensity than solar wind --
likely critical issue in energetic particle
Intensities

WIND / SWE
WIND / EPACT / STEP
30 keV/n Fe o Np * Vsw 72

ooooooooo
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Figure: P. Sharer, STEREO PDR
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STEREO contributions:

®  Only rough idea of CME/shock geometry
— onsmall distance scales
— on global distance scales
STEREO will allow systematic mapping for thefirst time (S/C < 120° apart)
®  We don't know the correspondence between CME images and the shocks & energetic
particle population
STEREO/SECCHI & in-situ experiments will determine this correspondence near 1
AU - extrapolation inward may be possible (wide range of separations)

Shock acceleration theory predictions don’'t work well

Knowledge gained of shock geometry, speed, surface roughnesswill permit more
definitive comparisons of theory & observations (S/C < 120° apart)

We don’'t know what the “seed particles’ are

I mproved comparisons of theory & observationswill help, but full suprathermal
range not covered on STEREO (S/C < 120° apart)

®  Wedon't know where the early arriving particles are accelerated

possible progressif we can extrapolate CME/in-situ correspondence close to the Sun.
(wide range of separations)
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