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OutlineOutline

• What we know about ionospheric ions
during geomagnetic storms

• Thoughts on how we can increase our
understanding
–– Using existing molecular ion dataUsing existing molecular ion data

obtained from Akebono, Wind, Polar,obtained from Akebono, Wind, Polar,
and Geotail to test and validate codes.and Geotail to test and validate codes.

• Summary



What we know about OWhat we know about O++

during large geomagneticduring large geomagnetic
stormsstorms

• Most of the ring current plasma comes
from the plasma sheet.

• There are more O+ ions in all regions of
the magnetosphere during storms

• Spatial/temporal features in the O+

plasma sheet can be seen in the Ring
Current



From Peterson, ICS 6 Proceedings, 2002
Peterson and Liu, Puerto Vallarta November 2006



IMF HistoryIMF History  isis  a major factor ina major factor in
OO++ access to the plasma sheet access to the plasma sheet

From Cully et al., JGR, 2003.
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O+ access to the plasma sheet
shuts off rapidly with northward
turning but turns on slowly with
southward turning

BZ < 0



Spatial/temporal features in the plasmaSpatial/temporal features in the plasma
sheetsheet  can be seen in the Ring Currentcan be seen in the Ring Current

Banded features from 1 keV Banded features from 1 keV 
to ~100 keV to ~100 keV are oftenare often
seen in the equatorialseen in the equatorial  
magnetosphere after periodsmagnetosphere after periods
of geomagnetic activity.of geomagnetic activity.

HH++ and O and O++ show the same show the same
Energy time dispersions Energy time dispersions 

Xinlin LiXinlin Li  and others have shown that theseand others have shown that these  
banded features banded features come fromcome from  distinctdistinct  plasmaplasma  
blobs in the plasma blobs in the plasma sheetsheet..

From Peterson et al., ICS 4 Proceedings, 1998



What we donWhat we don’’t knowt know

• The ground state of the
magnetosphere, if any

• What the full impacts of ionospheric
ions are
– Can O+ limit the cross polar cap potential?
– Does O+ limit the reconnection rate and

does it matter?



How can we increase ourHow can we increase our
understanding of the roleunderstanding of the role

ionospheric ions play?ionospheric ions play?
• Denser coverage of ionospheric ion

observations in space and time
– Not likely in our lifetimes

• Improved models
–– Use existing data to make validate empiricalUse existing data to make validate empirical

models to be used as input to or ground truthmodels to be used as input to or ground truth
for large scale modelsfor large scale models

• We are making progress ….slowly

• Exploit Information from existing molecular
ion observations.



Exploiting Molecular Ion
(N2

+, O2
+ and NO+)

Observations
• Molecular have been observed

– Streaming up auroral field lines
• With energies ~ 100 eV or less
• At all local times
• With intensities ~10-15% of the O+ flux
•• Only during intervals of significant geomagneticOnly during intervals of significant geomagnetic

activityactivity
– In the magnetotail

• With energies ~100 keV
• With low flux levels
•• Only during intervals of significant geomagneticOnly during intervals of significant geomagnetic

activityactivity



Exploiting Molecular IonExploiting Molecular Ion
ObservationsObservations

•• In the modern era, near simultaneousIn the modern era, near simultaneous
observations of molecular ion source andobservations of molecular ion source and
ring current populations are availablering current populations are available  fromfrom
– Akebono (less than 100eV)
–– Polar (<1keV from TIMAS >10 keV fromPolar (<1keV from TIMAS >10 keV from

CAMMICECAMMICE
–  Geotail (> 10 keV)
–  WIND (> 10 keV)

Can we use molecular ion observations fromCan we use molecular ion observations from
multiple instruments / platforms to multiple instruments / platforms to ““timetime
tagtag””  a fresh injection of ionospherica fresh injection of ionospheric
plasma -- thus putting stronger constraintsplasma -- thus putting stronger constraints
on large scale models?on large scale models?



Molecular ions can time Tag aMolecular ions can time Tag a
parcel of ionospheric plasmaparcel of ionospheric plasma

1) Identify the first1) Identify the first
occurrence of lowoccurrence of low
energy molecular ionsenergy molecular ions
leaving the ionosphereleaving the ionosphere

2) Identify the first2) Identify the first
occurrence of energizedoccurrence of energized
molecular ions in the plasmamolecular ions in the plasma
sheet or ring current.sheet or ring current.

Peterson and Liu, Puerto Vallarta November 2006



September 24-25September 24-25
Geomagnetic stormGeomagnetic storm

CAMMICE Molecular
ion data are from the
sum of 204s average M
vs M/q matrix scalers
for N2

+, NO+ and O2
+

from 1 keV/q to 216
keV/q

Rate scaler data
showed that nearly all
of the molecular counts
were in energy
channels with energy >
100 keV.



Low and High Energy Molecular
Ions Observed on Polar

CAMMICE 1 - 200 keV/q

TIMAS 0.015 - 33 keV/q

TIMAS Mass SpectralTIMAS Mass Spectral  DataData

8 selected energy steps, 68 selected energy steps, 6  largelarge
look angleslook angles



Molecular IonMolecular Ion
DetectionsDetections
First seen at 
~100 eV on TIMAS
@ ~00:00 on 9/25

CAMMICE Detection
>~100 keV~06:00 on
9/25

O+

DST



Peroomian et al. SimulationPeroomian et al. Simulation
of theof the  September 1998 StormSeptember 1998 Storm
• Traced O+ ions in time-dependant EE and BB

fields derived from an MHD simulation
– Considered only the dayside O+ Source
– Used Polar observations of source population to

drive the simulation.
– Made predictions about the time history of O+ in

the ring current region
• Relevant for molecular ions because

– Outflow energization driven by centrifugal
acceleration ==> molecular ions have half the
velocity (twice the transit time) of O+

– Inward transport is mass independent.



OO++ Simulation -1 Simulation -1

Assumed time
history of O+

daysidedayside
source intensity

00:00 Sept 25 First00:00 Sept 25 First
TIMAS detection ofTIMAS detection of
molecular ionsmolecular ions

Density
Energy
Density

Before SI
23:50 9/24

After SI
00:00 9/25

01:30 9/25

01:40 9/25

04:00 9/25

Tail 
reconfiguration



OO++ Simulation -2 Simulation -2
__ Plasma Sheet
     -10 RE > X > -30 RE and
     |Y| < 10 RE

__ Nightside Ring Current
     3 < R/RE < 9, Nightside

O+ time from cusp to first equator crossing
Molecular transit times are ~ 2x as long.

DST

Time lagged solar wind dynamic pressure

Predicts significant energyPredicts significant energy
density of Odensity of O++ in the nighttime in the nighttime
ring current region betweenring current region between
00:00-01:30 and ~04:00 and 08:0000:00-01:30 and ~04:00 and 08:00

Density

Energy Density

Average Energy

Transit time



The PolarThe Polar
ObservationalObservational

GeometryGeometry
Outflowing ~ 100 eVOutflowing ~ 100 eV  
Molecular ionsMolecular ions  first observedfirst observed
  atat  ~ 00:00 on September 25~ 00:00 on September 25

CAMMICE first sees >~100CAMMICE first sees >~100
keV molecular ions atkeV molecular ions at
~06:00 on September 25~06:00 on September 25

The Peroomian et al simulationThe Peroomian et al simulation
predicts significant energypredicts significant energy
density of Odensity of O++ in the nighttime ring in the nighttime ring
current region between 00:00-current region between 00:00-
01:30 and 03:00 and 06:00  01:30 and 03:00 and 06:00  andand
for molecular ions ~ one hourfor molecular ions ~ one hour
later.later.

The Polar data do not haveThe Polar data do not have
adequate temporal/spatialadequate temporal/spatial
resolution toresolution to  confirm orconfirm or
refute the simulationrefute the simulation



SummarySummary
•• Molecular Ions count rates observed onMolecular Ions count rates observed on

TIMASTIMAS  and CAMMICE are small butand CAMMICE are small but
useable for timing applications duringuseable for timing applications during
large geomagnetic storms.large geomagnetic storms.

•• Observations of MolecularObservations of Molecular  ions can beions can be
used to time tag a used to time tag a ‘‘blobblob’’ of of  ionosphericionospheric
plasmaplasma

•• These observations, if the geometry isThese observations, if the geometry is
good, can significantly constrain largegood, can significantly constrain large
scale magnetospheric modesscale magnetospheric modes
–– The geometry of the September 1998 storm isThe geometry of the September 1998 storm is

poor for this kind of analysispoor for this kind of analysis..


