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COOEPXAHUE

- lamepeHna Ha HU3KOBBICOTHbLIX CMYTHUKaX
- NonapHag wanka, XxBocT un 0bracTb KBasnsaxearta
- dnHamuka n cTpykTypa rpaHuubl npoHnkHoBeHus (['T1) CKIJl

- 9o heKTbl MarHUTHLIX Oypb 1 cyb0ypb
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CORONAS_F August 2001 — July 2005
Alt =500 km Incl=87 deg Electrons 0.3-9 MeV Protons 1-100 MeV
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Stormer theory

Lewncteue cunobl JlopeHua
Particle motion by Lorents force

3Hepl'l/|$| YaCTULbl HE MEHAETCHAH

Constant particle energy

2

YacTuubl C paBHOM XXECTKOCTbIO
OBWXYTCS OQMHAKOBO

Particles with equal rigidity have the
same trajectory

Coueranue 1Byx cui — JIopeHIla u 3JIEKTPUUYECKOE MOJIE - CO3JA0T MHOKECTBO
3 PEeKTOB AMHAMUKHU YacTul] B MarHuTocdepe. s yacTuil BBICOKUX IHEPrUid
BIvsiHUE E-10Js HE3HAUUTENBHO.

Electric field and Lorents forse create large variety of the particle effects in the
magnetosphere. For high energy particle influence of the electric field may be ignored.




Particles trajectory calculations. Two types of the trajectory:
trapping and escaping from the magnetosphere

[1Ba Tuna Tpaektopum Yyactuy, B MarHmtTocdepe. 3axBadeHHble U
yxogsiime.




For the protons
with energy
bellow 100
MeV entrance
from the
nightside
became most
Important.

IIpotons! 1-100
M»hB Bxoagt
yepes3 XBOCT.




[Mpumep pacyeta T1. Hem Gornblue aHeprust YacTuubl U
YPOBEHb BO3MYLLEHHOCTHU, TEM Brivke K 3emre
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Gradual improvement of the traectory calculation process and magnetic field

models used allow to reach acceptable agreement with experimental data but only for
small or moderete disturbance conditions.

Cutof position or penetration boundary (PB) closer to the Earth for grater disturbances
and higher particle energy.



North-South asymmetry effect
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CeBepo-toXKHas acCUMETPUS NOTOKa NMPOTOHOB B MONSAPHON LLAMkKe
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OT rpaHuubl NONAPHON
wankm Ha L=11 no I'T1
Ha L~4 pacrnonoxeHa
obnacTtb KBa3snsaxsaTa C
3aMKHYTbIMU CUITOBBLIMU
NVHUAMMN,

30ecb BEpOATHA

anddpysmna yepes
rpaHunLbl mar-cgepebil.

Diffusion through the
boundaries and inside
the magnetosphere are
as important as a direct
propagation.




Bx <0, Bz <0

How 1-100 MeV particles
penetrate into
magnetotail? There are
two possibilities:

- Diffusion
- Field line reconnection.

- Particles are oriented
along the magnetic field
lines. In case of the
reconnection they enter
Into the magnetosphere. It
Is vald for 1 MeV , for
higher energies diffusion is
important.

-When SCR flux is
anisotropic in the
Interplanetary space, we
can observe effect named
South-North asymmetry.






SCP PAD inside the magnetosphere



Penetration boundary — structure and dynamics
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MLT=6-0q¢ SO-3O06MB) vy 121801y

PB position vs. Kp in the
morning (left) and the

X evening (right) sectors.
o PR L (CORONAS-F)

Best correlation
coefficient ( 0.9)

for the 50 MeV protons
at the nightside.




MLT 18-21
(0.3-0.6MeV)

PB position vs. Dst

- . In the morning (left)

> go PU-EMEV) and the evening (right)
A sectors.
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PB shifts Earthward

before the beginning
of the storm main
phase.

SW pressure and
negative Bz are more

Important dor the
Initial shift.



PB STRUCTURE

26.07.04 2243-2245TT Ne

+p 1 MeV
& p 14 MeV
X p 50 Mev

Normal PB radial profile:

Energeic protons
penetrates deeper than
low-energy ones.
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COROMAS-F 18,/08/0.

Reverse PB energy dependence
Possible explanation:

Radial ExB drift velocity greater
as compared with magnetic drift
velocity for low-energy protons.

As a result low-energy particles
penetrate deeper before they
leave nightside magnetosphere.
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Energy independent PB profile.

Usually at the peak of the main
phase of the strong magnetic
storm.

Usually deeper than L = 3.5

Intensity equal to that in
Interplanetary space.

Proposed explanation: strong
diffusion through the LLBL
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1-5 MeV PB deeper than PB
of the protons with E>15
MeV.

Special profiles due to the
magnetosphere dynamics.

Will be considered in the
special report.
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Dayside PBs are shifted outward. Invalid L.
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26-50 MeV

L 50-90 Mev

Gradual radial decrease of 1-5 MeV
protons dayside profile created by
PAD non-adiabaic effects.

At the night side magnetic field line
curvature is compared with proton
Larmor radii both for 1 and 50 MeV.

Therefore regime of the strong PA
diffusion exists and loss cone is full.

During magnetic drift to the dayside
2 MeV proton diffusion gradually
decreases and loss cone became
nearly empty.
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Combined adiabatic and dynamic
effects.

During the recovery of the
magnetosphere configuration
transition from the strong to low
PAD occurs.
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Several examples of the intensity
dropouts inside the quasitrapping
region. More strong effect for high
energy protons.
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CONCLUSIONS

In general we do understand 1-100 MeV solar
proton entrance and dynamics in the
magnetosphere during small and moderate
magnetic activity.

We do not know how exactly SCR penetrates
deep inside during strong and extreeme
magnetic storms. Why PB is the same for 1
and 50 MeV protons? Is there LLBL strong
diffusion penetration and how it works?

We know that solar proton distribution can be
used for the reconstruction of the strongly
disturbed magnetosphere but not started yet
quantitative estimations.

3AKITKOYEHNE

[MpoHukHoBeHne CKIJl c
9Heprmen 1-100 MaB Bo Bpewms
cnabblx U yMepeHHbIX Oypb
NOHATHO B 06WMX YepTax.

Mbl He 3HaeM, KaK 3TV NPOTOHbI
NPoOHMKalT Ha L<3 BO Bpems
CUSbHbIX Bypb. Moyemy IT]
oamHakoBa Ana 1 n 50 MaB?
Ecnu ato andpdysunsa c rpaHuL
npsiMo B 06bnacTb
KBa3n3axeaTa, Kak oHa
paboTtaet?

N3BecTHO, YTO pacnnegeneHne
NPOTOHOB B MarHutocdepe
MOXET ObITb NCNOMNMb30BaHO AN
OWarHOCTUKNU MarHMTocdepsl.
Ho elle He npnbnuamnnmnce K
MeTodaM KOSIM4YeCTBEHHOM
OLIEHKMN.
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