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Cluster Mission

 The aim of the Cluster Mission is to study
small-scale structures of the magnetosphere
and its environment in three dimensions.

e Cluster consists of four identical spacecraft
that will fly in a tetrahedral configuration.

* The separation distances between the
spacecraft will vary between 600 km and
20,000 km, according to the key scientific
regions.



What is an Anomaly?

 An unexplained error In satellite
functioning that causes data loss or
Interruption.

e There are 131 anomalies that | am
Investigating and attempting to find the
cause of the disturbance

 Anomalies range from August 2000
through March 2005.



Types of Anomalies

o Surface Charging - When a charge from geomagnetic
storms is built up on the spacecraft thus resulting In
electrical discharge.

e Single Event Upset - When a high energy patrticle
happens to hit a device in just the right spot to cause
disruption.

o Deep Dielectric Discharge - When a charge builds
and discharges within a spacecraft after long
bombardment from high energy electrons




Other Types of Anomalies

Spacecraft drag (<1000 km)
Total dose effects

Materials degradation
Debris

Meteorite impact
Spacecraft orientation
Photonics Noise

Solar radio frequency interference and telemetry
scintillation



Data Accumulated

Single Event Upset: Surface Charging:

e 10.7 Solar Flux  Dst, AE, Kp indices

o Solar Flares  Magnetic Field
o Solar Wind Speed

* Proton Density
e Proton Flux Dielectric Discharging:

* Electron Density
e Electron Flux



Indices

e Dst — Measures the worldwide magnetic
storm level through the observation of the
Intensity of the ring current.

 Kp — Measures the worldwide geomagnetic
level from auroral activity at mid-latitudes.

 AE — Measures various events in the
auroral zone. A large spike Is called a
magnetospheric substorm.



10/29/2003 Anomaly

Dst Index

DST AND AE INDICES (ROURLY VALURS 2003

WDC POR GECMAGMETISN, KYOTC
1.2 3 4.5 6 7 8_9% 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

AE
(AUSAL)
10000nT
Py B S sl S S I B S N S S 2 S A B B T
o
=
o
>
=5
=
DST
20nT

1 2 3 4 5 6 7 % 9 1011 12 13 14,5 16 17 1% 19 20 21 22 23 24 25 26 27 29 39 30 N

DST AND AR DNDICES (HOURLY VALUES) 2003
WDC POR GRCMAGMETISN, KYOMO
L2 3 4 5 6 7 8 _9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Kp Index

Surface .| AT

2000nT

algll lg 12 3 4 5 ¢ 7 @ 9 101112 13 14 1% 16 17 19 19 20 21 22 23 24 2% 26 27 26 §9| 3¢ N

AE Index



2/16/2005
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e Flare: Jul 20 9:30 PM  single Event Upset.
Anomaly: Jul 23 9:58:25 AM
Peak Particle Event: Jul 23 10:25 AM
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There Is a spike on the
Solar Wind graph.

Again, There are no
major spikes on the
Indices.
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4/23/2004 Anomaly
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 The only graph that had a spike was the
Electron Density Graph, therefore meaning a
Deep Dielectric Discharge.



//31/2004 Anomaly (DDD)
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Particle Event occurred
on July 25, 2004

Anomaly occurred
after a long series
of spikes, and Is
probably the result
of a Deep Dielectric
Discharge.



Year Long Graphs (2001)
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Bar Graphs

Dst Bar Graph

Kp Bar Graph
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Bar Graph Analysis
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Statistical Analysis
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There were:

Anomaly Results

37 Surface Charging
anomalies

31 Single Event
Upset anomalies

18 Deep Dielectric
Discharge anomalies

Adds up to 86/131
anomalies (65.6%)

M Surface
Charging

@ Single
Event
Upset

M Dielectric
Discharge

M Unsolved

M Surface
Charging

@ Single Event
Upset

M Dielectric
Discharge




Predictions/Actual for 2005

8.8 Anomalies 10 anomalies (12%)
3.8 Surface Charging e /SC

3.1 Single Event Upset « 2 SEU

1.9 Dielectric Discharge « 1 DD

Kp Bar Graph Kp




Other Statistics

Average anomalies per year Is 28.

2004 was the year with the most anomalies
(31), however, If 2005 continues its trend (10
anomalies In 3 months) there will be 40.

Anomalies per year are increasing (23, 26,
29, 31).

All anomalies in 2005 have been accounted
for.

Month (over all years) with the most
anomalies Is November (20).



Conclusion

Out of 131 anomalies, 86 have a large value
for something relating to space weather.

Surface Charging is the most common type of
anomaly

8.8 anomalies predicted, 10 actually occurred
In the first 3 months of 2005.

Prediction of future anomalies is probable,
nowever, predicting which type of anomaly Is
ess likely.

Anomalies are more likely to occur at higher
values of the indices.
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