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Temperature and Charge State Evolution
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Latest evaluation of ionization and recombination coefficients:
Bryans et al. 2006, ApJS, 167, 343

Density ~ 1/r@tvAvn 107 - 108 cm3 @ 1.5 R,
Alfven speed VA ~ 1/r'3, typically 1000 km/s @ 1.5 Rq
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Magnetic Cloud/Flux Rope CMEs
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Halloween Final Charge States
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2005/01/20 charge states at Ulysses

m
|i@ b

 Foullon et al 2007: o ME20vonvery 2005
clearer signature of flux- f
rope ICME at Ulysses g%
— rotating B, from 5 o| m
Jan 31- Feb 5 L
* Charge States: @
— O™/08+ > 2 @ of Pﬂ J{M WW AJ | |
— <<Fet>> = 1_4, : mw 1 ﬂﬂl 11[' {L ijl\ J‘ "‘ 'LMWW'M ;%
max(<Fe*>)=16 ¢ “ | | |



ﬂ*t
o

Magnetic Field amplification at the shock
another SNR/CME connection
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Final comments
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« Thermal energy input = few times K.E. input; similar conclusion™
to analyses of UVCS data in Akmal et al. 2001, ApJ, 553, 922,
Ciaravella et al. 2001, ApJ, 557, 351

 Full impact to be realized when analyses of charge states are
correlated with investigations of source regions, coupled with
realistic hydrodynamics for the CME expansion. Obvious topic for
STEREO.

* Many other interesting aspects to investigate in the fastest CMEs,
connection to astrophysical shocks and particle acceleration.
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Figure 1. Spacecraft positions and orbit traces, in the GSE Cartesian coordinate system,
during the passage of the ICME on January 21-22, 2005 in (left) the plane across the
Sun-Earth line (as seen from the Sun) and (right) the noon-midnight meridional plane.
The spacecraft positions on January 21, 2005 at 12 UT are shown as full eircles. Orbit
traces are shown from those starting positions until January 22, 2005 at 24 UT. A solar
wind pressure of 50 nPa and an IMF B, of 0 nT were used to compute the GSE aberrated
magnetopause model from Roelof and Sibeck (1993) and bow shock model from Fairfield
(1971). In panel (a) they are represented by plain contours at Xgsp = 0 Ry and dashed
contours at Xgsp = —10 Rg. The level Xgsp = —10 Rgis also indicated as a dashed
line in panel (b).



Selected ICMES

Table 1: ICME Observations

Year Start wpey; (kms™) *  pg, (em™?) He/OP Fe/O

(doy) ave. max ave. max. ave. max. ave. max.

2002 173 41619 464  4.4£1.1 6.9 8010 92  0.15x=0.03 0.19
2000 178  504+42 569 5.24+2.3 13.0 99+38 171 0.21£0.04 0.29
2003 129 70678 855 32122 1060 T8L2T 114 0.18+0.04 0.25
2000 262  718+47 804 < 4.443.1  13.3 222464 335 0.2840.17 0.67
1998 268 64077 793 3.6+£2.2 11.1 100£72 214 0.2840.13  0.56
2003 302 993£305 1700 3.1+£1.9 9.2 168+129 442 0.67£0.42 2.33
¢ 2000 210 442434 474 151475 359 2274245 1020 0.34£0.31  0.90
® 2001 351 477420 500 3.6£0.8 5.5 123£16 147 0.06 0.07

Lynch 06 magnetic cloud ICMEs
+Ugarte-Urra et al ’07 Halo-CMEs (break-out like)

@



Preliminary Results

Year Day Input Parameters Output Parameters

vy a V; Pe ) % P10Re charge states

kms™'  kms™? kms™! 107em™® 10% K 10°ecm= O Si Fe

2002 173 425 0.1 10 10 1 0.7 10 6 7,8,6 8.9
2002 173 425 0.1 10 1 1 0 0.9 6 7.8,6 8.,9,10
2000 178 500-850 0.1-0.15 10 10 1 9 15 6,7 10,11,12 16,15,17
2000 178 500-850 0.1-0.15 10 1 1 0 1.5 6 7.8,6 8.,9,10
2000 210 500 0.1 20 10 2 5 30 7,68 12,11 16,17.15
2000 210 500 0.1 20 1 1.3 0 2.9 6 89,7 11,812,109
2001 351 500-800 0.1-0.25 10 ) 1.8 6 7.0 6,7 12,11,10 14.15,13,16
2001 351 500-800 0.1-0.25 10 0.5 1.2 0 0.8 6 8.9,7 11.10,9.8
2003 129 700 0.1 10 10 1.2 | 2.6 11 6 9,10,8 13.12,14.,15
2003 129 700 0.1 10 1 1.2 0 1.1 6 89,7 8,11,10,9
2000 262 700-900 0.1-0.15 15 10 2.5 | 3-2.5 17 7.86 12,11 16,15,14
2000 262 700-900 0.1-0.15 15 1 1.4 0 1.7 6 98,10 11,12,10,8
1998 268 750 0.1 15 10 2.3 8 16 7.8 12,11 16,17
1998 268 750 0.1 15 1 1 0 1.8 6 7.8 8.9.10
2003 302 1300-2500 0.2-1 20 10 2.3 | 4-8 15 786 12,11 16,17.15
2003 302 1300-2500 0.2-1 20 1 1.2 0 1.4 6 8.9,7 8,11,.10.9
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