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Abstract O OQ
Freja data are used to systematically investigate several Q

factors potentially influencing the O enfergization in the tops
ionosphere. We find that primarily BB-ELF waves, but also EMIC @ves
and waves around the lower hybrid frequency, are re ~<@ sible fopthe

ce, for smaller %it%

is easier for the waves to satisfy the resonance conditions.

We also study the occurrence of s “\ wave types and the influence
on the ion heating fror %zipi g protons, auroral electrons,
suprathermal electrsts, the electron density, the Kp

index, and the solar iIIumi'on. Further statistical studies to
investigate co een various particle distributions,

wave types, aracteristics are in progress.




Scene Qﬁhe Crime

Se@érih—orbiﬁng space plasma investigators
have

itnessed that the Earth is being robbed of

large anfounts
of oxyg

A few k

of O fare
disearing.
This requires
some serious
space

investigations!
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Oné€ witness to the crime of the vanishing O iohs is
the \Freja satellite. To document the case, we use 21
months @criminaﬂng Freja data obtained near
1700 km altitude between 50 ahd 70 INV.

In th.ot e, from left to right the

columns dis increasing geomagnetic

(criminal?) @:tlwty The rlghtmost column shows

an average over all dices. In the bottom and
middle row, the outflow data c with downgoing

auroral e Tand H ”(‘tyrt [cleft region) (] )
respectively. Without neither negative nor positive”) | )

small rascals, we obtain the figures in the top row. For
each plot, also the total O upflow is given.




Fingerprints of the \&Q\/es
U

Left column: Typical electri O
field spectral densities o

six different wave types
measured at Freja heights.
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Line up @ Q@ C Db
Obvious sugzaectves@e@ n@ O

relevant for gyroresonant heating:
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The plots show wave occurrence versus MLT @nd INV for
BB—ELF waves, EMIC waves, mognnic waves with a
sharp lower cut-off at fH+( ),dower hybrid waves
(LH), langmuir waves, and BB whistler waves.
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Statistical Investigation o o’ @
To solve the case, we need an@ -
’ D at>

unconditinal investigati@o@

plasusible O “thiefs.

Right: conditional (> O o
probabilities (in %) to
observe various parti

Conditions

w ICSQ
Row 1 indicates the
probability of detecting '/

the wave and particle properties in the entire data base

included in our stud ithat the relevant instruments
on board Freja have measured the necessary quantities.
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The Suspects
e The frequency of langmuir and BB whistler waves are

these waves an alibi.
[ ]

are most common and therefore main thieves.

* MSC wg@nt correlate an@{;:j: a suspect.

® Auroral ons@ e() at alelectron burts
e@@?ese are not assumed to d<re\c} cause

(for the heating. Insted thay are at the sceng of the
@e mainly since they like to hang out w@h ime
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Incriminating Evidence Q 0

Top: Probabilities of detec mg@ated
ions in the presence of strong BB-ELF,

EMIC, and LH waves. @ 0
ot

Bottom: Probabilities of ting
heated ions in the qbsem: BB-ELF,
EMIC, and LH waves.

Heurekal

0

We have caught the Qpﬁ




The Verdict Q 8

Using Freja data, we unconditionally-inveStigate
several causes potentially relevant f@th héfating.
Conditions related both directly and i |rectly
(through the presence of energizing are
considered. We conclude that the main causes for the
heating of O* are relatively sirong B-ELF, EMIC, or

LH waves (in the absence of these waves, ion—heating
is very rare). However, BB—ELF is ih@os frequently

occurring wave type in our data and is
therefore primarily responsible for the
heating. We also that MSC
waves are not @ nt for

the heating.
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The Profile of an O "Thief @ a
We also study the importance of the \B~fi
component of the BB—ELF waves for ting.

We see that the heating above a sunlit i | sphere
generally corresponds to lower values o

b Sun when the ionosphere below IS in dow

| .. =l This cannot be explained only\by-changing

# the Alfven velocity. Hence, t shows that a
.- larger fraction of the wav reibf electro-

| static nature above a dark ionosphere. We

shadow - conclude that waves with lowen IS

#i_ are more efficient in heating 33|ble

o because they are more effici lfilling

* wew - the resonance conditions for the
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As a final note, it feels necessary to s
mechanisms stealing oxygen from our ion
t

Thieves or Heros? éj

leave most of it in the magetosphere. With
them space physics would not be thee@
They actually are our heros and we supporttheir
criminal activity in our hearts and souls.
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Should we threat The oxygen

4
them like this? is used to
— build our
h
Or should we Cﬁagnetosp ere
treat them o* O )
&

like this?

C% Magnetosphere builder




