WG3 Session#3
Thursday PM :

The Effects of the Sun in the Outer Heliosphere

This session focused on the global effects Echptic Plane 0 6 AU
of the Sun as seen in the outer
heliosphere.

The largest solar energetic particle events
of cycle 23 e.g., the Halloween events of
2003, have been observed in the outer
heliosphere at Voyager and have been
modeled.

Invited Speakers:
e John Richardson, MIT 20031106 (510)

* Devrie Intrilligator, Carmel Research Center
* Trevor Sanderson, £5A4
 Nathan Schwadron, Southwest Research Institute



Voyager 1 crosses the Termination Shock

In Dec. 2004, V1 clearly observed features of energetic particles
and magnetic field indicating the crossing of the termination shock

Magnetic field jumps by at least 2.5 to 4.

Low-energy cosmic rays increase sharply by a factor of 50.
— Not obviously similar to the predictions of diffusive shock acceleration

High-energy cosmic rays (ACRs) do not show the “rollup” expected
on the downstream of the shock

Magnetic-field shows sector structure prior to crossing the shock,
but since the crossing, the field has been of the same polarity
(consistent with the opposite hemisphere than V1!)



Parker/Sub-Parker Spirals

a) Parker Spiral - No Footpoint Motion
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Sub-Parker Spiral Observed
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Halloween Events Seen in Voyager 2 Data

« Calculations by D. Intriligator
et al. indicate that there is a
good magnetic connection
between energetic particles
(modeled) from Halloween
events and Voyager 2

’ | >70 MeV/nuc lons |

| > 0.5 MeV/nuc lons |

* Increase in particles may be
related to these solar storms




HAFv2 ecliptic plane IMF to 100 AU
Halloween 2004 events - 5/05 &
2/05
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CIRs seen in 2003

« T. Sanderson showed
Ulysses data of CIRs  «

during 2003 AN O
E3L | | n
::.4 mulu “Mrl‘ A Illl» .

r ‘Solar Lvind vLIocil\) compl}nem;
I I

[ About 2-4 per SOIar 10° [ { } I } }I \| \ | 1 H J: \

800
1 £600 [
rOtatIOn 5400 ¢ | AR N N
200 [Magné(lc held maghitude! ‘ T | T | I I : I ; I
MWWWWM\«V%. Wl
3;:0 _“,g#ﬁgnéhc-ﬂwlﬂulh “A \-g ‘ ‘ k‘:\' Jl*‘c..‘ %l; o8 o } ..#;' : | ‘-‘V';“'.\Jlf‘ ! "‘K‘x‘é

. : 3 b W G ™
 Clear energetIC- Vab A x‘..a,,,n sj.‘\“.,:.‘ ‘s?‘- ‘,"“ff ; R 5@}{ . N ,
H . ° \Hen mJlamu&o J H ——— - — — :
particle signatures o =Y
L/ v O @ W W v

L] L]
aSSOCIated Wlth the % 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280

C I RS 2003




plcm**2 s st MeV

ratio ratio ratio
o o o

ratio
o

esemasmenra. |
Nt |

1 ‘ Il |,

ul

Jﬂ
|\|P

T T T Y A A
ET1= 2 NP D

B T

4 16 18 20 22 24 26 28 30 32 34 36 38
1993




Finishing the Summary of Particle
Acceleration Mechanisms



A new approach
(applied to Flares?)

Len Fisk started with an equation for the evolution of the
open magnetic field

0B

Ez—VxVx(ﬁB)Jer(UxB)
Which can be rewritten as

0B

W:VX {(UK—I—U) XB:|

V - U,. Gives rise to an energy change in
energetic particles



Mechanisms of Particle Acceleration
Challenges / Future Directions / Open Issues

» Observational issues:
— How often are power laws observed?
— How common are double power laws?

 Theoretical Issues:

— Shock Acceleration: It is time to put up or
shut up on the issue of 3He** and electrons !!
(otherwise, it is not relevant for solar flares)

« What is the importance of magnetic geometry for
CME-driven shocks?




Mechanisms of Particle Acceleration
Challenges / Future Directions / Open Issues

* Theoretical Issues (cont):

— Stochastic Acceleration: Are power laws determined
naturally from this mechanism under a wide variety of
plasma conditions? If so, WHAT PHYSICAL
PARAMETERS DETERMINE THEM??

— Direct Acceleration by Electric Fields: What is the role
of turbulence? Do the accelerated particles give rise to
plasma instabilities? (there is clearly a significant
amount of energy in the energetic particles)

Are these mechanisms mutually exlusive??



