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Ionospheric Ions in the Magnetotail

m First observed 3 decades ago [Shelley et al., 1972]
m lons stream out of the high-latitude ionosphere

m Cold streams observed in the lobes
m Sometimes 100s of Ry downtail

m Also observed in the plasma sheet and PSBL

m Significant enhancements during storms and substorms

m Energetic O is a contributor to the ring current
m Usually a minor species, but sometimes dominant
= Low-energy, field-aligned O* seen deep in RC (zippers)
m RC O Coulomb loss causes SAR arc formation

m Postulated that ionosphere is a fully adequate source
of plasma for the magnetosphere




Polar in the Magnetotail

m Orbit apogee slowly precessing since launch
» Launched in 1996 with apogee latitude of 75°
m Precessing ~16" per year
= Precessed over the pole, then equatorward
» Crossed the equatorial plane in summer 2002

m Apogee at midnight around autumnal equinox

= As apogee precessed equatorward, Polar crossed the near-
Earth magnetotail in the second half of every year

= 2001 is a great year for viewing the tail with Polar

m What can Polar say about ionospheric ions in the
near-Earth magnetotail?




Polar Orblt in Late 2001

July 1, 2001

December 31, 2001




Polar TIDE

Thermal lon Dynamics Experiment
= Measures ions from 0-300 eV energy
= 2-d velocity space resolution
m 157° “fan” in polar angle swept through 360° of spin phase
= In 1996 only: mass
resolution and full 3-d

velocity space resolution
(starts foil degradation)

= The right instrument:

= Right energy range with
high resolution

= Spin phase sweeps out
pitch angle with high

resolution

= Mass composition?
Compare with TIMAS...




TIDE Measurements of “Lobal Wind”
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TIDE PSD Fit of “Lobal Wind”

m Maxwellian fits to the velocity space distributions

= A clear drifting Maxwellian can be extracted from the data

s Here: n=0.19 cm3, v, ,=-175 km/s, T, =20 eV, T ,=30 eV
m Assuming H* (for O, n=0.76 cm® and v, =-44 km/s)
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TIDE Moments of “Lobal Wind”

m From the automated moments software

= 90° track width along negative B-field in spin phase
= Integrate over 50 eV < E < 300 eV
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TIDE Lobal Wind Occurrence Survey

m Second half of 2001:

= July 1 to December 31: 208 non-eclipse orbits
m 416 half-orbits, splitting it at the equatorial plane crossing

m Unusable orbits:;

m TIDE turned off, radiation belt contamination, SEP contamination
m 73 half-orbits were excluded (23 northern, 50 southern)

m Database of available TIDE measurements:
m Half-orbits: 343
m Total hours: 2,211.5

m Occurrence survey methodology:
= Examine data for lobal wind measurements
= Plot occurrence rates versus various SW /GB parameters
= [ ook for significant trends, try to explain them




Lobal Wind Selection Criteria

m Manual examination of the summary plots
» Threshold energy flux of 106 eV /(s sr eV cm?)

m Or 5x the background energy flux, whichever is greater
» Flux peak centered on magnetic field direction (+ or -)
= Max-to-min ratio in spin angle > 3

» Flux peak greater than 50 eV

m Parsing the database

s Data considered in 15 minute blocks
m Total “data points” in the survey: 8,846

= Three designations: no lobal wind, uni-directional wind,
or bi-directional wind




Occurrence Statistics

Number of Passes With Unidirectional Wind

72.5%

Number of Hours With Lobal Wind

70.4%
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Fraction of Orbit

Fraction of Orbit

Occurrence Rates Versus Dst

Half—Orbit Fraction Versus Dst
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Occurrence Rates Versus E;;

Half—Orbit Fraction Versus EK|
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Fraction of Orbit

Fraction of Orbit

Occurrence Rates Versus Psw

Half—Orbit Fraction Versus Psw
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Summary of the Survey

m [obal wind is ubiquitous

m All usable half-orbits contained lobal wind measurements
m Over 70% had uni-directional wind observations
m Over 90% had bi-directional wind observations

» Bi-directional wind seen near the equator

m Average maximum MLAT of bi-direction wind was 25
m Variance in this value is huge: ranges from 3° to 61°

m Organized by geomagnetic activity

= Dstindex and Ey ; value are good organizers
m Uni-directional wind occurrence increases with activity
m Bi-directional wind occurrence decreases with activity

m Total wind occurrence not well correlated with activity (maybe
down)

m Feeding of the plasma sheet?
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Challenge to Magnetospheric Modelers

m lonospheric plasma is always present in the tail
= Seen across the entire nightside magnetosphere
= Seen from the equatorial plane through the lobes
= Cold streams flowing along B
= Density of 0.1 to 1.0 cm™: a major source of tail plasma

s Must be included in numerical simulations:
= Need a good ionospheric boundary condition

= Need proper acceleration mechanisms
m Need multi-fluid MHD?

m Are the moments similar between solar and ionospheric sources?
m Are the “regions of dominance” by each source distinct?

m If “no” to either, then perhaps multi-fluid calculations are
needed...
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Occurrence Rates Versus dDst/dt

h=d
o
[
(@]
“—
o
c
o
-2
O
o
bt
L

Fraction of Orbit

Fraction of Orbit

Half—Orbit Fraction Versus d(Dst)/dt

Bi MaxlLat, All Passes

Bi MaxLat, North Passes

Bi !\)onLot, South Passes

Bi MaxLat, Thick Passes

[Rp= 0.216| |Rs= 0.214f

[Rp= 0.228| |Rs= 0.207

IRp= 0.253| |Rs= 0.232]

IRp= 0.147| |Rs= 0.147|

Bi 'MoxL‘ot, Wlwin Pésses
Rp= 0.176 Rs= 0.215

All Wind, All Passes
Re= 0.040 _ Rs= 0.083]

AH‘Wmdl, Nor‘th Polsses‘ ]
Rp= 0.116 Rs= 0.097]

All Wind, South Passes 1
Rp= 0.007 _ Rs= 0.084]

All Wind, Thick Posses.

IRp= 0.142|

A\i vvmé, Thiln Poéses ]
Rp=—0.219 Rs=—0.169]

FUni—Wind, All Posses |
|Rp=-0.156 [Rs=—0.155|]

-

-

L Uni—Wind, North Passes 1

—Um;\/\/inc‘ﬁ, So@th Plosseé—

|Rp=-0.291] Rs=—0.135]

[Rp=—0.119 [Rs=—0.155]

Uni—Wind, Thick Passes 1
Rp=—0.054 Rs=-0.092]

Unlifwm‘d, Thlin Pc;sses‘
Rp=-0.227 Rs=-0.1731

[ Bi—Wind, All Passes

[ Bi—Wind, North Passes

IRp= 0.147| |Rs= 0.181]

[Rp= 0.214| |Rs= 0.234
L M 4

F BI;WInd‘, Sou‘th Passes
Rp= 0.189 Rs= 0.180]

BILWM&, Thi'ck Po‘sses‘
IRp= 0.143| |[Rs= 0.161]

Bilf\l\/mc‘j, Thiln Poéses
Rp= 0.031 Rs= 0.052]

___"‘—l—.o:-;r——"——

) o s wall®

-20-10 O 10 20
dDst/dt (nT/h)

-20 -10 O 10
dDst/dt (nT/h)

dDst/dt (nT/h)

10
dDst/dt (nT/h)

20

-20 =10 0 10
dDst/dt (nT/h)




h=d
o
[
(@]
“—
o
c
o
-2
O
o
bt
L

Fraction of Orbit

Fraction of Orbit

0.0F .\ ow s bt

Half—Orbit Fraction Versus delta—Dst

Occurrence Rates Versus ADst

Bi MaxlLat, All Passes

Bi MaxLat, North Passes

éi !\/IloxLot, South Passes

‘Bi MaxLat, Thick Passes

s= 0.233]

IRp= 0.253] |Rs= 0.219|

[Rp= 0.248| [Rs= 0.216|

[Rp= 0.278] |R.

Rp= 0.191| |Rs= 0.151|

‘BI MoxLot, ‘Thinl Passes
Rp= 0.209 Rs= 0.219

. %

All Wind, All Passes ]
Re= 0.062 Rs= 0.033]

LAl Wind, North Passes 1
Re= 0.138

R

p=—

0.011

LAl Wind, South Passes 1
Rs= 0.039 |

3 AHIWina, T%‘ﬂck‘PoslseS‘ 1
Rp= 0.104 Rs= 0.070]

F AH‘ W\'n‘d, Thin IF’osses ]
Rp=—-0.112 Rgi*O.T53_
-

Uni—Wind, All Passes |
|Rp==0.161 |Rs=-0.132]]

—‘Uni‘f\/\/inld, NlortH Po‘sseé )

[Rp=—0.122 [Rs=—0.155f

—‘Umi\/\/inld, S‘outf‘w Pdssels—
|Rp=-0.289 Rs=—0.120]

»‘Um'lf\/\/ir%d, T‘hick‘ Polsseé b
Rp=-0.076 Rs=-0.057]1

‘ Um‘fWi‘nd, ‘Thinl Poslses‘
Rp=-0.179 Rs=-0.1921

[ Bi—Wind, All Passes

[ Bi—Wind, North Passes

[Rp= 0.167] [Rg=_0.142]

IRp= 0.236] [Rs= 0.210]

Rp= 0.176

‘BFIWIij, Sé)uth Passes
Rs= 0.145

3 BI;WIm‘d, T‘hick Passes
Rp= 0.130 Rs=
s

‘ Bi'f\l\/m‘d, fhin IPoslses
Re= 0.077 Rs= 0.072]

—-80-60-40-20 0 20 40 —-80-60-40-20 O 20 40 —-80-60-40-20 O 20 40 —80-60-40-20 0 20 40 —80-60-40-20

Delta—Dst (nT)

Delta—Dst (nT)

Delta—Dst (nT)

Delta—Dst (nT)

Delta—Dst




Occurrence Rates Versus Nsw

Half—Orbit Fraction Versus Nsw
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Occurrence Rates Versus Vsw

Half—Orbit Fraction Versus Vsw
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[Re= 0.124] Rs= 0.106]

i umfv'vmd, T‘hin Polsses
Rp= 0.065 Rs= 0.068]

Bif\}\/md, AIH Passes
Rp=-0.017 Rs=-0.023]

A S
T
s l‘-" ¢

ot

i BFWI'nd, No‘rth Passes -
Rp=-0.038 Rs=-0.057]

i BFWI‘nd, So‘uth Passes
Rp= 0.058

;4££—:L?”J———____—_
Tt °° . . *
.Q : ¢ .
..z

Rs= 0.056

Bif\/\/lind, THIn Poslses 1
Rp=—0.095 Rs=-0.096 ]

Vsw (km/s)

400 500 600

Vsw (km/s)

500 600
Vsw (km/s)

400 500
Vsw (km/s)
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Fraction of Orbit

Fraction of Orbit

Occurrence Rates Versus By

Half—Orbit Fraction Versus By

éi Mc;xLotl, All Passes
Rp=—0.085 Rs=-0.096

Bi ‘Moxl‘_ot, ‘North Passes
Rp=—0.068 Rs=-0.090

Bi ‘Mox‘Lot, ‘Sout‘h Passes
Rp=—-0.115 Rg=-0.122

BilMox‘Lot, ‘Thict; Passes
—-0.074 Rs=-0.080

Re=

BII Moleot,lThin‘ Passes
Rp=—-0.059 Rs=-0.096

LAl Wind, South Passes 1
Rp=-0.094 Rs=-0.141]

All Wind, Thick

Rp=

Posées B
—0.069 R3:70.0817

F A'H W\'Ind, IThim ‘F’oss‘es ]
Rp=—0.005 Rs= 0.002]

Uni—Wind, Al Passes ]
Re= 0.063  Rs= 0.043]

—Un‘if\/\/i‘nd, Nort%lw Polsses‘f
Rp= 0.107 Rs= 0.0607

—UM‘F\/\/i‘nd, ‘Soutf‘w Po:sses‘—
Rp= 0.018 Rs= 0.049]

Urlw'f\/\/%nd, ‘Thick‘ Poéses ]
Rs= 0.016

Rp= 0.071

UInFV\}md, IThin‘ Pos‘ses ]
Rp=-0.007 Rs= 0.018]1

‘Bif\/\‘/md,lAH ﬁosses 9
Rp=-0.092 Rs=-0.094]

o0 cmum amg mumse oo

. :" -'.""-
* Vel 4

F Bi‘fwir‘wd, !\iorth Passes -
Rp=-0.131 Rs=-0.138]

F BILWInd, South Passes -

Rp=-0.080 Rs=-0.099]}

F Blif\/\/md, lFhin ‘Posses 1
Re= 0.002 Rs=-0.034]

10 15 —-10 -5 0

By (nT)

5 10 15 =10 -5 0

By (nT)

5 10 15 =10 -5 0 5

By (nT)

10

15

-10 -5 O 5
By (nT)

10
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Fraction of Orbit

Fraction of Orbit

Occurrence Rates Versus Bz

Half—Orbit Fraction Versus Bz

Bi MaxlLat, All Passes

Bi MaxLat, North Passes

IRp= 0.222| |Rs= 0.203|

[Rp= 0.278| |Rs= 0.232|

Bil Mo‘xLotl, SSuthIPosses
Re= 0.171 Rs= 0.189

B‘i Mc;xLolt, THIck Passes
Rp= 0.271| |Rs= 0.188]

éi MéJch;t, T‘hin bosses
Rp=—-0.006 Rs= 0.023

Al Wind, All Passes |
{Rp= 0.101| |Rs= 0.129|

IAH \/\/‘ind,‘ No‘rth #ossyes ]

s A\\ W‘md,ISOLllJ[h IPGSS‘eS ]
Rp= 0.118 Rs= 0.135]

E ‘AH W\'nd‘, Thin Passes

Rp=—0.109 Rs=-0.105]
T

. '-"g s

'Uni—Wind, All Posses

L Uni—Wind, North Passes |

L Ulmf\)\/mdl, So‘uth IPos‘ses ]

t U‘nFWIndI, THICR IPosées

|Rp=-0.219 [Rs=-0.292]]

|Rp=-0.14( [Rs=-0.221|]

IRP:—O.15EI- [Rs=—0.209}

o escemme Lt
L L ! L

|Rp=-0.134 [Rs=-0.213]]

Um!vvma, Tk‘win ﬁ)oss‘es
Rp=-0.100 Rs=-0.0511

Bi—Wind, All Passes

[ Bi—Wind, North Passes

F ‘Bifwmd, Thick Passes

{Rp= 0.177| |Rs= 0.218]

L L I L L L L

|Rp= 0.246| |Rs= 0.262] |

{Rp= 0.213]| |Rs= 0.246f

‘Bif\ll\/md‘, Th‘m Passes
Rp= 0.004 Rs=-0.093

-10-5 0 5 10 15 20-10-5 0 5 10 15 20-10-5 0 5 10 15 20-10-5 O 5 10 15 20-10-5 0 5 10 15 20

Bz (nT)

Bz (nT)

Bz (nT)

Bz (nT)
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Fraction of Orbit

Fraction of Orbit

Occurrence Rates Versus Bt

Half—Orbit Fraction Versus Bt

IBI Moleot, AIH Passes
Rp=—0.097 |Rs=-0.111

Rp= 0.067

Bi MaxLat, North Passes

Rs= 0.020

éi MoxL‘ot, So‘uth Pésses
[Rp=-0.375] |Rs=—0.342]

éi MoxLot, THIck Passes
Rp= 0.018 Rs= 0.025

éi Mox‘Lot, W‘win Passes
Rp=—-0.113 Rs=-0.143

LAl Wind, South Passes 1
Re=-0.121 Rs=-0.064]

LAl Wind, Thick Passes 1
Re=-0.024 Rs= 0.025]

st
i ﬂi’,...': .

be
.‘.-

LAl Wind, Thin Passes 1
Re= 0.042  Rs= 0.115]

"Uni—Wind, All Passes 1
Re= 0.073  Rs= 0.038]

[Rp= 0.001

L Uni—Wind, North Passes 1

Rs= 0.011]

L Uni—Wind, South Passes 1

Rp= 0.249 Rs= 0.160]

F L‘Jm'f\/vi‘nd, Th‘Ick Polsses b
Rp= 0.006 Rs=-0.073]

F ‘umfvv‘md, THin Poéses
Rp= 0.005 Rs= 0.086 |

Rs=—0.052

L ‘Bifwmd South Passes

iRp=—-0.241] Rs=-0.169

‘BFWIHd, Thi‘ck Passes
Rp=-0.022  Rs= 0.047]

‘Bifwi‘nd, Th‘m Passes
Rp= 0.031 Rs=-0.019




Occurrence Rates Versus Clock Angle
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Fraction of Orbit

Fraction of Orbit

Half—Orbit Fraction Versus Clock Angle

Bi MaxlLat, All Passes

Bi MaxLat, North Passes

IRp=—0.157 |Rs=-0.170|

[Rp=-0.195 [Rs=-0.223]|

B‘i MoxLlot, So‘uth Passes
Rp=—-0.136 Rs=-0.120

Bli Moleot, Th‘Ick Passes
Rp=-0.154 |[Rs=-0.153]

IBI Mox‘Lot, W‘win Passes
Rp=-0.015 Rs=-0.006

.
P

.
DT

.o .0'..
.

. . ®
L
T

All Wind, Al Passes
Re=—0.080 [Rs=-0.100

L All Wind, North Passes
Re=-0.082 Rs=-0.110]

REPRS iy

‘AH Winld, South Passes

LAl Wind, Thick Passes 1

Rp=—0.105 Rs=—0.122

"All Wind, Thin Passes |
Re= 0.111  Rs= 0.083
i SRR ]
b AR . ]

/;'_.-T.‘:.'-‘T_.’—

"Uni—Wind, All Passes ]

L Uni—Wind, North Passes 1

L Uni—Wind, South Passes

E LIJm'fWIInd, Th}ck Po‘sses )

IRp= 0.278] |Rs= 0.280]]

IRp= 0.183] |Rs= 0.216]]

P o coms oo @
I L n '

IRp= 0.184] [Rs= 0.211f

|Rp= 0.164| |Rs= 0.190}

F IUnFW‘Ind, THin Poéses
Rp= 0.124 Rs= 0.077]

Bi—Wind, All Passes

Bi—Wind, North Passes

F ‘BFWInId, South Passes

IBFWImd, Thick Passes

[Rp=-0.195 [Rs=—0.201]
e

rx

{Rp=-0.245] |Rs=-0.238]]

|Rp=—0.249| [Rs=-0.238]

[Rp=—-0.194 [Rg=-0.207]
!

IBFWI‘nd, Th%n Posées
Rp=-0.025 Rs= 0.055]

50 100 150
Clock Ang (deg)

100 150
Clock Ang (deg)

100 150
Clock Ang (deg)

100 150
Clock Ang (deg)

100 150
Clock Ang (deq)




h=d
o
[
(@]
“—
o
c
o
-2
O
o
bt
L

Fraction of Orbit

Fraction of Orbit

Occurrence Rates Versus Ey

Half—Orbit Fraction Versus Ey

‘ Bi MaxLat, All Passes

Bi MaxLat, North Passes

IRp=—0.259 |Rs=-0.218|

[Rp=-0.323 [Rs=-0.261]

éi MoxLé}t, Soufh Passes
Rp=—-0.183 Rs=-0.176

éi Maxlat, Thick Passes
Rp=-0.321] |Rs=-0.211|

‘BI MoxLot, Thir‘l Passes
Rp=—-0.026 Rs=-0.102

All Wind, All Passes ]

Re=-0.090 [Rs=—0.120]i

‘AH wmé, Northl Posse‘s j

Rp=-0.116 |Rg=—0.166

‘AH wmé, SoutH Posseé
Rp=—0.089 Rs=-0.105

"All Wind, Thick Posses 1

1Rp=-0.157 [Rs=—0.141}

‘ All W\'n‘d, Thin‘F’osseSI ]
Rp= 0.113 Rs= 0.082]

Uni—Wind, Al Passes ]

F ‘Umif\/\/m‘d, Nortlh Possés )

IRp= 0.131] |Rs= 0.203]]

IRp= 0.159| |Rg= 0.202];

L ‘Umf\/\/inld, Sout‘h Possés

E ‘Um'f\/\/inld, Thic‘k Possés )

[Rp= 0.198

| Rs= 0.260]]

Rp= 0.127] |Rs= 0.203

L Uni—Wind, Thin Posses 1
Re= 0.132  Rs= 0.039]

Bi—Wind, All Passes

[ Bi—Wind, North Passes 1

{Rp=-0.165 |Rs=-0.217

. ii;v
Ao

4

|Rp=-0.254 [Rs=-0.301f |

‘Bifwimd, Thick Passes -

{Re=-0.208 |Rs=-0.248]
: :

‘ Bif\/\/m'd, Thin Passes
Rp=-0.030 Rs= 0.099]

Ey (mV/m)

Ey (mv/m)




