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0 Geomagnetic storm (GS) prediction
(Dst<-50 nT) - Occurrence probability

O Flux variation associated to GS

O Flux decay time at any position in space

Model of the dynamics of radiation belt particles
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¢o = ¢st +A ¢res +A I:(DST_prev)
¢1 = ¢st+(¢0_ ¢st) e~ +A¢1
go= put(p—i)e 40D

Pn=Pst(Pri—Ps)e " +AG

@, = Steady state flux measured (2004)

A, = Difference between flux before storm and steady state flux
AF st prey) = Flux variation induced by previous storm of min Dst,,
Dst ey = The minimum value reached by Dst in the previous storms
T = Decay time of flux at a given space position for a given energy

8= Time elapsed from the storm min. Dst_prev (or drop-out min) to ¢,

A ¢1=z Rostc | ns Dstorevtype,s)}X(AFDst))
k=0

A@, = The flux variation following a storm (average)
N = Number of bins in Dst range

Type = Type of storm: CME, CIR, Mix

S = Solar parameter that indicates phase (min, increasing,
max, decline) within solar cycle

N act

O(Am)= ZRDStk | r'lé',DStprev,S,l'yDE)X(A F(DStk)_AF(DSt)) 2
k=0



Center for Space Radiations

Introduction RABEM Model Data and parameters Preliminary results Summary

Dst vs Time Amplitude FFT Dst vs frequency

Butterworth filter: filter =
z = cutoff frequency

Amplitude Dst (nT}
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Dst Data: Courtesy of World Data Center for Geomagnetism, Kyoto
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YEAR 2004 Dst vs Time
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YEAR 1957 Dst vs Time

Y

v

—100

T T TR T

= —200

Dst (in nT)

—300

RN RiN e annannnnsnces s ani ARNARIN]

—400

_500 1 1 1 1 1 1 1 1 1 1 1 1
01 /Jan 15/Jan 28 /Jan 12/Feb 28/Feb 12/ Mar 28,/ Mar 08,/ Apr 23/ mpr 07 /May 21,/May 04,/ Jun 18/ Jun 02/ Jul

TIME {date)

WG STORMS = 60 LOWVALUES= 24 DIFF= 36
SCALE: DlY= 14 DAYS

140

——== FILTER 7 90 Dst vs Time

a

=100

—200

Dst (in nT)

l

=300

—4{10

—
I
-
2
5

1

%
2
B

—5{10

az/dul 16,/ Jul 30/l 13/4ug 27 /Aug 10,/Sap 24 /Sep 08/ 0ct 22 f0ct 05/ Nov 19,/ Now 03/ Dec 17 /Dac
TIME {date)

N
~.

o

@



Center for Space Radiations

Introduction RABEM Model Data and parameters Preliminary results Summary

Sunspot (smoothed)
vs. Time interval Probability
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Dst storms vs Time
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Distribution of Storms vs. Time: Analysis Sunspot number

(Sunspot Number Data: Courtesy of Solar Influences Data Analysis Center — SIDC, Belgium)
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Number of storms vs Sclar Parameters Mumber of storms per menth
300 ] S '

250 |

200 |

ju—y
wn

150

—
[

100 F

—— Maxlmum F10.7em
- —— Sunspot Number {(yearly data) ] ——— Maximum F10.7am
o0 ] [ ——— 3unspot Number (yearly data)

Number of storms
per menth in a cycle

am ]
wn

Humber of storms Th a cycle

a ]
(o]

D : | | | | | | | |
94 138 18% 276 270 94 138 182 226 270

aunspet number aunspet number
Maximum Smoeothed F10.7om Maximum Smeothed F10.7cm [s.f.U

n
]



Center for Space Radiations

Introduction RABEM Model Data and parameters Preliminary results Summary

SIOLAR CYCLE 21‘
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Silicon detector r =2 cm and d =1mm
Maximum E deposition: 2.4 MeV

orbiat 716%m 98.23 deg Incl.
Efficiency to detect electrons is negligible for channel numbers > 14

Upper limit
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L—parameter vs. Time (CH 7), Sept—Dec 2004 Counts Bvs. L{CH?7) Counts
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Flux Steady State vs L
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(SAC-C Data: Courtesy of CNES/DCT/AQ/EC Section, ONERA/DESP and CONAE)
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Flux Maximum vs DST
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Dst ve Tlme

=100

—150

—20%

=250

—Z00 1 1 | I I 1
041/ 09 /4 IT f =1 a6/ W 14,/M 23 /M a3/l 12/1 285
Z/D : g 1250%; ; st g Qéﬁf?}r ZéDSGY éﬁ;r 250;“ 250;“ 2’50;”
are anm Erran oT ¥ orrns H
Tims L and vels for flot max _ F"'l'_x:"'ssz"_”g'?"EL dol_'5:3M%V‘:,_ Bogggdgv;:l}qsub;gc
I3 .

g5 T | —7enl ! T 27 o Q€3 AT 103 nT | 138 nT —T06 T
4/ 5 af12 5/ & 5/15 5420 5/30 6/13

=3
=
L]

4x10*

6/ 3/2005; O
| | 18,2005} 0 L=p.61]R{%= 263448, E 14,/2008: 0
| | L=4] Re F—.Z 110, | i .Z0Re F= 24582
I I
| |

El 541 Gus: 0
L¥54L(oinsa/r_ 1221 L=3. 4“10/%- 127 38. ,f.:ujﬁ/ﬂﬁe E= 12565

¥ :..f_'.-"||.

|
| D
|

‘.‘IIIIIIII|IIIIIIIIIJ_IIIIIIIII|IIIIIIIII|

Ch [ D.53Me¥, 0.50MeY] (em's s

DQ/A 17 fbapr 25/.& r 06/ Moy 1A/M0y 28/ Jun 28/ Jun
pelale; Zéﬁg el [} 2005 2005 it 20 2005 2005

(SAC-C Data: Courtesy of CNES/DCT/AQ/EC Section, ONERA/DESP and CONAE)



Center for Space Radiations

Introduction RABEM Model Data and parameters Preliminary results Summary

Time interval vs DST

Time interval vs L
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¢ Kataoka and Miyoshi, “Flux enhancement of radiation belt electrons during geomagnetic storms driven by
coronal mass ejections and corotating iteraction regions.” Space weather, 2006
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Summary
Identified Parameters Model useful to:

> 1 (time between two storms) > Engineers
» Solar Cycle parameter (SSN)

» T (Decay time)

» Maximum Flux

Need further analysis:

»>d (time interval between storm, maximum flux)

» Type of storm?

> D Mazzino@spaceradiations.be




