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Two case studies
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Transition in CIR
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Speeds of
different
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Conclusions:

|n situ particle data from STEREO is
unique!

* Need help
- from other instruments waves and

fields
- from theorists and modelers
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Growth rate of magnetosonic instability
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Summary:

Hefti et al. (2000, and earlier Schmid et al. and Bochsler) claimed that Si
is slower in high-speed winds than O, and He.

Hefti et al. find Fe to be slightly faster than Si in high speed wind

Heavy species are always faster than protons

Hefti tried to explain the preferential deceleration of heavies by Coulomb
collisions (although Coulomb collisions are rather inefficient at large
heliocentric distances in fast solar wind).

Gary et al. investigated the role of magnetosonic (and other) instabilities
in decelerating heavy species compared to protons. At least in the case

of alpha particles this seems to work.

What happens to heavies? Do they create their own instabilities, or
are they just decelerated together due to the instabilities of alphas?

How do instabilities work in detail? Wave spectrum?
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Adiabatic invariants: p

For constant solar wind speed u, B « Parker spiral,
no heating:

2 2

_ 1 m2r2 i
nocr2 Boc—\/1+ sm29
r u

3/2
3 2.2
TiocB oC L [1+mr sinZO]

T, n? 2 2

4/30/2008 MEUDON 21.4.2008



1.0E+8 E | | | | | | | | | | | | | | | | E
3 STEREO A/PLASTIC -
1.0E+7 { E
1.0E+6 =
1.0E+5 -t WL
E Kfﬂi b4 : i E
1.0E+4 -

Kinetic Temperature Fe [ K]

« T parallel
o T perpendicular

%

1 .0E+3 | | | | | | | | | | | | I | | | |

120 125 130 135 140
DOY 2007

4/30/2008 MEUDON 21.4.2008

IRON6.GRF PB 3.3.2008



4/

log10 (T /T,,)

| DOY 138 -140

STEREO-A/PLASTIC

1 O T

trend

for protons

3 4 5 6 7 8

Fe speed [ 100 km/s ]

R observed by Marsch et al.

PERPAR.GRF PB March 13, 2008



1.5 |||||||||||||||||||||||III||||||||||||||||||IIIIIIIIIIIIIIIIIIIIIIIIIII 1.5
lo o * STEREO-A/PLASTIC [
1% e%e *® Iron lons i
101 o o o -1.0
: d ® ® .. o ... :
3 . ® 0% ° # 00 o’ w®"
— _ o @ ¢ o '_
= 0.5- AT R - 0.5
I_I.I. : ® .. ° L ® :
= . o® ¢ -
G 0.0 g 0.0
= i i
- ® ® "
- . . -
-0.5—_ 0. 0.0 ® . 0’..'... ¢ o ., _—-05
- . -
:. ® @ ® .. - :
-1.0 ||||||||||||||||||||||||||||||||||||||||||||||||||.||||||||||||||||||||| -1.0
138 139 140 141
DOY 2007

4/30/2008

MEUDON 21.4.2008

0.60/ 0+

36

BETAPL.GRF PB March 14, 2008



0.01

..I
o

=l

0.46

Slow wind

DOY 35-42, 1995

1 'h:i_._ 1 TN TETR |
—-— ™

- |-

B

—

o

—

o

=]

37

10

llp

le

0.1

0.01

4/30/2008



STEREO-A/PLASTIC

= =
—_ Feions -
£ . =
-g 6 s, =
p g 45’,0&‘0\%”?%« AV, Vo . g
7 POV P o —
2 5 ] v '\‘.. e e AT . -
e - AT o, e
? -
O 4 —
Q. - -
3 - —
2 . | | | | | | | | | | | ‘ | | | | | | | | =
121.0 ° ¢ ° 1216 18 1220
DOY 2007
4/30/2008 MEUDON 21.4.2008 38

Aprll 2, 2008

MAY1 5M.GRF PB



1E+7

Temperature [ K]

1E+4
121.0 ° ° >

4/30/2008

-
m
o
o))

-
m
+
(&)

IIIIIII| | IlI.IIII| | IR I I

STEREO-A/PLASTIC

Feions

nu‘\m RN
W T N N Mg,

\ \'\ﬂ"l 1‘1

"i”q i,

'l 1‘“!’ '{'# ” i

s
=
I
- =
|_

121.5
DOY 2007

MEUDON 21.4.2008

39

April 2, 2008

MAY1_S5N.GRF PB



180|||||||||

60 —

150STEREFS;).O‘”‘,,’SPLAST|c T {i ' T
120 4. { | ‘ ' }
: QO‘NW"W i W” M . Mw* hM‘

DOY 2007
MEUDON 21.4.2008

o N !
: | h | |
0 I I I I I I I | I 1 I % I r
121.0 ° 6 ® 1215 * 2 122.0



90

90 | L Lttt Ly bo

| STEREO-A/PLASTIC

60 — Fe ions

30 —

o et o i

DOY 2007



STEREO A/PLASTIC

OO PL,WN_20-_2PMNOPPOTO N

IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IQIIIIII IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIgIIII|IIIIIIIII|IIIIIIIII

Felons ..
o.. ° °d
oo°.. ° o o o 2. & °°
Cae T g
S ’ .’ oot © e
[ | S °
8 [ ] .~
Q
-
O
O N0 & 0@ 4%°%0 0000 % %00 8 200 L 04 ’Re, 0 ‘os® y o K
v - .'.‘“..' .?‘..Q.O.Q“““. 0“:.'...0$'.‘0'.. 0.0:...‘ ...0. woe, ‘.. o\’: d..oé:. .v..:. Py e
el
u -
3

]
N

121.0 ° ° ° 121,56

4/30/2008

DOY 2007

MEUDON 21.4.2008

42

pril 10, 2008

MAY1 5R.GRF PB A



\l

o

S

IIIII=IIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII

speed [ 100 km/s ]
&)

STEREO-A/PLASTIC

Feions

3 S
2 I B R I B B | | |
127.0 ° ° 127.5 ® 18 ' 128.0
DOY 2007
4/30/2008 MEUDON 21.4.2008

43

pril 2, 2008

MAY7_5M.GRF PB A



Number of Cases

100
90
80
70
60
50
40
30
20
10

4/30/2008

noon doy 127

STEREO-A/PLASTIC May 2007 (253 hourly averages)

100
90
80
70
60
50
40
30
20
10

<o >=+2.96°

MEUDON 21.4.2008

x\\

end of doy 128

Velocity FeJ[ 100 km/s]

<p>=-0.74°

T PB March 12, 2008

] STERROA/PLASTIC

DOY 2007

120 125 130

135




Priorities

*Extend analysis to larger data set

*Use Hagar’s criteria to identify iron ions

*Generalize data reduction including all charge states
Combine analysis with fields and waves

Wave-field interaction (simulations?)
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