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Cold Ions

Generation of Cold Ion Outflow

Introduction

Cold Ion Dominates the Ion Population in the Magnetosphere
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Solar Illumination 

Solar Wind Energy 

Heat Ion Production

Electromagnetic Energy

Solar Wind EnergySolar Illumination

Particle PrecipitationEUV

Ion Outflow

Two Main Controllers of Ion Outflow from the Polar Cap

Topside 
Ionosphere

Introduction



Question 1: How Is Cold Ion Outflow Affected by the 
Changing Solar Wind Energy Input?

Introduction

About 22-25% of the energy dissipation in the polar ionosphere take place in the polar cap



Question 2: How Is Cold Ion Outflow Affected by the 
Changing Geomagnetic Dipole in the History?

Introduction

The geomagnetic dipole has been changing.



+ + +
+

+
--
-

-

-

- -

-
+

++++u
EW

Ion Detector

+
+
+
+

+

+

+

+

Cold Ions

1. Measure the cold ions (EK<70eV, ET~few eV)

Data and Method

Input Data Output Data

EFW, EDI, FGM Bulk Parallel Velocity

EDI Bulk Perpendicular Velocity

EFW Density

Extended data set from two Cluster spacecraft from the years 2001-2010.
In total 320 000 measurements of tailward moving cold ions.



Data and Method

FPC - Polar cap magnetic flux 
𝜙𝐷 - Dayside reconnection rate
𝜆 - Magnetic latitude of polar cap       

boundary

𝜆 =
𝜋

2
− (18.2 − 0.038 𝐷𝑠𝑡 + 0.042𝜙𝐷)

Relationship from least-square fitting

Input Data 

Vpara, VE and Nlobe

Solar wind parameters, Dst
index (T01 model required) 

Output Data for the Topside 
Ionosphere

N, V||, FDP, Travel time

(In total 237 000 cold ions 
originate from the 
ionosphere)



Data and Method

Deriving 𝑛𝑚𝑜𝑑(𝜃𝑆) and 𝑉||,𝑚𝑜𝑑(𝜃𝑆) using n and 𝑉|| from particle tracing:

𝒏𝒎𝒐𝒅 𝜽𝑺 = 𝟏𝟎
𝒂𝒆𝒃 cos 𝜃𝑆 𝐚𝐧𝐝 𝑽||,𝒎𝒐𝒅 𝜽𝑺 = 𝟏𝟎

𝒄𝒆𝒅 sin 𝜃𝑆

b and d are determined from least square fitting

a and b are determined from:

𝒂 = 𝒍𝒐𝒈𝟏𝟎(
𝒏

𝒆𝒃 cos 𝜃𝑆
) and 𝒄 = 𝒍𝒐𝒈𝟏𝟎(

𝑽||

𝒆𝒅 sin 𝜃𝑆
)



Results

1. Total Kinetic Energy Power of Polar Wind 
as a Function of the ε Parameter

𝝐 =
𝟒𝝅

𝝁𝟎
𝑽𝑺𝑾𝑩

𝟐𝒔𝒊𝒏𝟒
𝜽

𝟐
𝑹𝒄𝒇
𝟐

𝑹𝒄𝒇
𝟐 = (𝑩𝟎/𝟒𝝅𝝆𝑽𝑺𝑾

𝟐 )
𝟏
𝟑𝑹𝑬
𝟐

[Perreault, P., and S.-I. Akasofu, 1978]

[Mac-Mahon and Gonzalez, 1997]

𝑭𝑬 = 

𝜽𝑺

𝑭𝑫𝑬,𝒎𝒐𝒅 𝜽𝑺 𝚫𝑺 𝜽𝑺, 𝝀, 𝝁

=
𝟏

𝟐
𝒎𝒑 

𝜽𝑺

 𝒏𝒎𝒐𝒅(𝜽𝑺)𝑽||,𝒎𝒐𝒅
𝟑 (𝜽𝑺)𝚫𝑺(𝜽𝑺, 𝝀, 𝝁



Results

>95% of the polar cap is illuminated

<5% of the polar cap is illuminated



Discussions

1. Assessing the Influence of 

the Velocity Filter Effect

𝑭𝑬𝑴 =
𝟏

𝟐
𝒎𝒑𝑽||

𝟐(𝒏𝒍𝑨𝒍 + 𝒏𝒅𝑨𝒅)

𝟏. 𝒏𝒍: 𝒏𝒅=2:1

2.   𝑽|| is assumed to be the same 
at all locations in the polar cap

𝑭𝑬 is modified to exclude the velocity
filter effect For a given time:

SZA [Deg]



Discussions



Discussions

2.   Energy Transfer Efficiency

Total Energy from solar illumination (𝑬𝑻)

𝑬𝑻 = 𝑻𝑺𝑰 × 𝑨 = 𝟐. 𝟑𝟐 × 𝟏𝟎
𝟏𝟕𝑾

Total Solar Irradiance (TSI)=𝟏𝟑𝟔𝟏𝑾/𝒎𝟐[Kopp and Lean, 2010 ]

𝑨 = 𝝅 ∙ 𝟔𝟑𝟕𝟏 + 𝟏𝟎𝟎𝟎 𝟐𝒌𝒎𝟐

From Solar Illumination to the Polar Wind (𝒆𝑰)

From the Solar Wind to the Polar Wind (𝒆𝜺)

𝒆𝜺~𝟏𝟎
−𝟒

𝒆𝑰~𝟏𝟎
−𝟏𝟎



Conclusions

 When the ε parameter is higher than 1010 W, Of the order of

0.1% of the solar wind energy input is transformed to the

hemispheric kinetic energy of polar wind outflow.

 When the ε parameter is lower than 1010 W, the kinetic energy

of polar wind outflow is significantly provided by solar

illumination.

 The energy power provided by the solar wind ranges from 107

to 108 W. The energy power provided by solar illumination is

of the order of 107 W.
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