SOLAR 1-20 MEV PROTONS AS ASOURCE OF THE
PROTON RADIATION BELT.

Lazutin L.L., Logachev Ju. I.,



N, cm?. ¢
10°H
10% 1
E > 1MaB
E >10MaB
102 E. >30MaB
E, > 100 MaB
I | | |
2 3 4 5 6

H,en. L

Proton population of the inner
radiation belt is created by slow
radial diffusion GCR albedo
and atmospheric losses. It is
stable formation in general, but
sometimes fast changes were
registered during magnetic
storms.

[IpoTOHHBIN NOSIC- CTAOUIIBHOE
oOpa3zoBaHue, POPMUPOBAHUE
KOTOPOTO OOBSICHACTCS
anb0eTHON TEOpUEH U
MEIJICHHOM pagraibHOU
muddy3uen u3 aBpopaabHOM
obnactu (TBepckoii, 1965)
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Bostrem et al., 1970

It was suspected that solar protons may be
responsible for the increase of the proton
belt population.

Emie B panHux paboTax BbICKa3bIBAIUCH
MIPEIIIONIOKEHHNS, YTO COJIHEYHBIE
KOCMHUYECKHUE JIyYU OTBETCTBEHHBI 32
BO3pacCTaHHUE MPOTOHHOM MOMYJISALUH.
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The idea of SCR trapping inside the
magnetosphere is rather old.

Solar cosmic rays when present inside
the magnetosphere may be accelerated by
SC induced electric field, shifted
earthward and after radial diffusion
increase the inner radiation belt
population.

IIponukawmue B marautochepy CKJI
MOIJIH OBITH YCKOPEHbI
UHIYKINOHHBIM MOJIeM UMITYJIbCA
BHE3AIMHOI0 CKATHSI MarHUTOC(epbI
SC. ( B 1aHHOM cJIy4ae - HA BHEITHUX
apei(oBBIX 000109KAX)

/ Lanzerroti et al., 1970, Shultz and
Lanzerotti, 1974/
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Acceleration by SC induced E-field was measured by CRRES detectors on March 24,
1991, and explained by Blake et al., 1995 and Tverskoy et al. 1995 The same mechanism

may be applied to solar protons.



Proton Countrate

Energetic Protons in Slot
Shock-Injected Solar Particles

14 - 26 MeV protons 2001 25<L<3.0

Blake et al, 2004

2001-026 | E
: ;r ‘ }f SAMPEX
10 ﬂ Bo3pacTanue nNpoToHOB
nocie oypu

1060:00:00:00 320:00:00:00 360:00:00:00 ooOpacHsgercsa SC-
UHKEKIIUEN

Model of the SC-induced injection of the solar protons
Into the inner magnetosphere became accepted as a leading
If not a exceptional one.



Energetic Protons In Slot
Shock-Injected Solar Particles
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Heckonbko rpynm B CIITA

paboTaeT 11 MoACIU
nmxexouu CKJI, B

4AaCTHOCTH, IIPOBOJIUTCS
KOMIIbIOTEPHOE

MOJIETUPOBAHUE YCKOPEHHUS
4acTHll Cep(UHIOBOro THIIA.




Anomepnamuenas meopus
3axeama CKJI ¢ npomonnwtit nosc

O0oK1a0vieanacsy enepevie Ha SEE-
05.
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During extreeme magnetic storm on October 29-30, 2003
double boundary effect was found on CORONAS-F
measurements. /[BoiiHas rpanuna 1-5 M»aB Ha (da3ze
BOCCTAHOBJICHHUSI MATrHUTHOW OypH
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General idea of the trapping
mechanism:

During the recovery of the
magnetic field at the magnetic
storm recovery phase protons will
find inself at the closed shells if
recovery time Tr is smaller than
the magnetic drift period Td.
Adiabatic motion will be
conserved only for energetic
particles if

Td << Tr

Which means that PB of 1 MeV
protons will remain for some time
at the old position while 50 MeV
protons will trace the retreate of
the PB due to recovery of the
magnetosphere configuration.

Bo BpeMs BOCCTaHOBIICHUSA
TATIOJILHOW CTPYKTYPBbI
MAarHUTHOTO IMOJISI IPOTOHBI
OCTaHYTCS Ha 3aMKHYThI3
AperOBBIX 000I0UYKAX €CIU
BpEMSI BOCCTaHOWICHUS TT
MEHBIIIE IePpHOAa MAarHUTHOIO
nperida Td (me coxpaHsercs
TpEeTUM aguadaTHu4eCKu
MHBapHaHT). JJIs SHepruYHBIX
gactul 1d << Tr u ux
TPACKTOPUU OTCTYIIAIOT
BMmecte ¢ I'11.



Typical time of the magnetosphere
reconstruction equals to several
minutes.

Magnetic drift periods for 1 MeV
abut 15 minutes therefore low
energy protons will be transferred to
the closed drift orbits and only
recently arrived ones will follow
latest PB position.

50 MeV protons magnetic drift
period at L= 3 is about 20 s.
Magnetosphere reconfiguration will
be too slow for them. Adiabatic
Invariant will be conserved and
therefore fast drifting energetic
protons will trace latest position of
the penetration boundary.

TunnyHoe BpemMs
epeCTPONKHA MAarHUTOC(HEPHI
— HECKOJIbKO MUHYT. llepuon
MarHuTHoro aperdga 1 M»B
= 15 MuHYyT,

Yactunesl yxe HaXOoaAIHueCs
B MaraurTocdepe,
3aXBaTbIBAIOTCS, CBEIKUC
ciaenyrotT 1mo Hosou I11.

50 M»aB = 20 cek. HacTuiipl
Aper(PyIOT NPaKTUYECKU IIPU
HEU3MEHHOM
koHpurypauu.I'TI
MEIIJICHHO CIBUTAE€TCS OT
3eMIIH.
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Decrease of the precipitating
protons does not mean that
30,0000 9.36330 —20.0700 trapped protons desappear as
1oocoE T well.

1425 Mev We can see freshly trapped
2o-an ey SCR ower the BMA.
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Bospacranue B MmomeHT SC ObL10 HalJIEHO
JUIIB OJHAXBI, HO U B 3TOM CJIy4ae OHO OBLIO
BBI3BAHO YCKOPEHUEM Ha yJIapHOMW BOJIHE B
MEKIUIAHETHOM MPOCTPAHCTBE.
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[IpoToHHBIN

Pratons, 1.2 and 12.5 N MakcuMmyM Ha L=1.9,
BO3HUKILIUI
31.10.03,

COXPaHMUJICA 10 UIOJIA
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CONCLUSIONS

During strong magnetic storms proton radiation belt may be

essentially changed. Earthward and outward movements of

the PB may sweep away previously stably trapped particles

and bring new belt population.

SCR acceleration and trapping by SC injection cannot be
regarded as a effective source of the proton radiation belt.
Solar cosmic rays became trapped to the proton belt (L = 2

—4) during the recovery of the magnetosphere configuration

(outward shift of the penetration boundary) at the strong
magnetic storms.

Relative amount of the trapping SCR depends on the
energy as ~ E2. Cutoff energy may be as low as 4 MeV
and sometimes more than 15 M»sB.

In a new SCR radiation belt flux of the precipitating
particles disapp ears in few hours and stable trapping
regime took place.

After magnetic storm trapped proton flux remains at the
enhanced level for months (and years at L~2) decreasing
first with characteristic time of 15-30 days and then ten
times slower.

Decay of the SCR belt strongly depends on the energy, so
only 1-5 MeV protons remains at enhanced level after
several months.

About 50% of the 11-year cycle 1-5 MeV proton belt
created by solar cosmic rays, remaining half of time — by
traditional radial diffusion process.

3AKJIFOUEHUE

- Bo BpeMst CHITbHBIX MarHUTHBIX Oyph
HaOMromaeTcsl BHIOPOC MPOTOHOB TOsICa HA
r1aBHOM ¢aze u 3axsar nmporoHoB CKJI ¢
yCKOpeHHeM Ha 1-3 mopsiaka.

- Mozxens 3axBara SC- nmkekueil He
MOJITBEPKAACTCS, DKCTICPUMECHTAIBHBIC TAHHBIC
MOATBEPKIAIOT MOJIETIh 3aXBara Ha ¢a3e
BOCCTaHOBJICHUS] MAarHUTHOU OypH.

- D heKTUBHOCTH 3aXBaTa BEJIUKA IS
npotoHoB 1-5 M5B u nagaer ¢ poctom
SHEPTUH.

- [locne maruuTHOM OypH MOTOK IPOTOHOB 1-5
Mb5B ocTaercs Ha BO3MYILEHHOM YPOBHE
mecsipl (i roasl Ha L~2), yMeHbIIasch Ha ¢
xapaktepHbIM BpemeHeM 15-30 nueit u 3atem
— MeJJICHHEE Ha TOPSIOK.

- CropocTh cniajia ObICTPO PacTeT C IHEPTHKEH
U Yepe3 HECKOJIBKO MECSIIEB MTOTOK IPOTOHOB
15 M»B crmagaer 10 HopMbI ( 10 KpaiiHei Mepe
Ha BeicoTe 1000 kMm).

- [TonoBuny 11- neTHero MUKIAa HCTOYHUKOM
MPOTOHHOTO MosAca ABISOTCA MpoToHbI CKJI,
JpyTras MoJOBUHA 00€CIIeYNBACTCS
TPaJAUIIMOHHBIM MEXaHU3MOM pPaIuaIbHOM

b dy3un.
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