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Storms and substorm are certainly related, because the
source of energy 1s the same ( solar wind). Cyooypu u
OypU numaromcsi om oouLe2o UCMOYHUKA dHEeP2UU

- Are storm- substorms different? And how? Yew
OMIUYAIOMCS UUMOPMOBbLe CYOOYpU?

- Are substorm activities important for the magnetic storm
development? And how? Kaxoes exnao cyooyps 6
pazsumue Muposwvlx 0yps?

- The importance of Dst. Other storm signatures.
Hensemces au Dst enagnvim unoekcom oypu?

- Conclusion 3axarouenue

SINMO.LSan:



Three types of magnetic activity

Tpu K1acca MacHUmHou aKkmueHocmu

- Permanent activity Outer magnetosphere Polar cap minutes

- llepmanenmmuasn Buewinasa mcgh. Hlanka munymol
-Substorm activity Quasi-trapping region Hours

- Cyooypu Oonacmo keazuzaxeama Aep. 3ona UYacwl

- Global

Magnetic storms Inner magnetosphere Days
Maznummnwie Oypu  Buympennsasn mceg. Jnu

wacO 1 ORMS
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GROWTH ACTIVE RECOVERY
llogroToBUTENbHAA AKTHBHaA YCroKoeHue
T.expansion b
3KCMaHCKs J,
GROWTH PHASE RECOVERY
Loading (large-scale) (large-scale)

local active events (activations, breakup, pseudobreakup, WTS)
2

noKanbHble akTUBW3auuK, bpedkan, ncesgobperikan, WTS time




30.10.2003 Troitsk , Moscow region
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H3zmenenue naxiona cunosoil 1uHuU nocie opeikana
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IMAGE FUV data on 2003-10-29

Figure 5: IMAGE-FUV data at 06:09-06:28 UT on
2003-10-29.
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Magnetic storms generated by interplanetary magnetic clouds are
often found to lack classical substorm expansion phases. The typical
auroral dynamical features at the peak of storm main phases are
north-south aligned patches having physical sizes of ~15 deg
longitude by ~ 5 deg latitude. The patches only last ~3

to 6 min (Tsurutani).

B MarHuTHBIX OypsX BBI3BAaHHBIX MEKIIJIAHECTHBIMU MarHUTHBIMH
oOjakaMu cy0OypeBasi akTUBHOCTh UJIET 03 (pa3bl IKCHAHCHUH - €CTh
JIAIIb AKTUBU3ALMH B BHUJIEC OTPE3KOB N-S JIyT JIUTEIBHOCTBIO 3-6
MUHYT.



Storm-substorms Cyb66ypu 6o 8pems 6ypu

1. Main features are similar to ordinary substorms.
OCHOBHBIE CBOMCTBA T€ )K€, YTO U Y OOBIYHBIX CYOOyph

2. Equatorial boundary 1s shifted to middle latitudes, while
polar boundary may move to lower or higher latitudes
DKBaTopHajibHas 'paHUIla CUSTHUN CIBUHYTA K CPEIHUM
IIMPOTaM, TOJIOCHAs TPaHUIIa MOXKET CABUIaThCs Ha OoJjiee
HU3KHE WK 00JIee BHICOKUE IIIUPOTHI.

3. Effects of enhanced loading. Saw-tooth type of substorms
introduced. BiusHue MOILIHON 3arpy3KH.
BbIsIBIICH HOBBIM BUJI PEKYPEHTHBIX CyOOyph '"3yObs MBI

4. Unusual SC-substorm registered
HeoOb1uHas cyo0yps Habaroaanack Bo Bpems SC.
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slow
stream

Figure 3. Schematic of the formation of corotating interaction
regions (CIRs) during the descending phase of the solar cycle.

Schematic of regions of intense IMF seen during solar
maximum. T1 and T2 are two types of satellite crossings in the
interplanetary structure.

Two types of SW structures starting magnetic storms

JIBa Tumna ctpyktyp CB, OTBETCTBEHHBIX 32 MAarHUTHBIE OypH




SC

Initial phase
HavanbHas
Main phase
[ 1aBHas

Recovery

BoccraHoBiieHUS

Moderate storms (Dst -50-100nT)  Ymepennsie Oypu
Strong storms  (Dst -100 -400nT)  CuibHble Oypu

Double-storms JIBoliHBIE OypH



Statistical analysis of over 1200 storms in which Dst
attained values < 100 nT, Kamide et al. [1998] shows that
more than half were double-dip storms. boisiee nmonoBuHbI
CHUJIBHBIX Oyph MMEIOT IBOMHYIO CTPYKTYDY.

The intensity of a storm typically depends not on the form
of Dst but on the strength of the southward IMF B_ (and
hence of the magnetospheric convection electric field) and
also on the duration ot the southward IMF B_[e.g.,
Tsurutani and Gonzalez, 1997; Yokoyama and Kamide,
1997]. MomHOCTbh Oypb 3aBUCHUT OT BEJIMYUHBI U OT
MIPOJAOJKUTEIIbHOCTH 10KHOU Bz
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The relative contribution of different sources to Dst has
recently become a point of controvercy. Analysis of the
temporal behavior of the Dst variation indicates that the
contribution of the partial ring current to Dst is not large
as compared to that of the magnetotail current system.
(Maltsev)

Alexeev et al. with the use of the paraboloid
magnetospheric model found that the contribution of the
magnetotail current system to Dst can exceed that of the
symmetrical ring current.

Bxiag B Dst TOKOB XBocTa MarHutoc(epbl MOXKET OBITh
OoJibIlle,  4YE€M  YaCTUYHO-KOJILLIEBOTO  TOKa M
CUMMETPUYHOIO KOJIbLIEBOI'O TOKA.

FO.I1. ManbsneB, AlekceeB u ap.
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Substorms are not a necessary to cause the growth of the
storm-time depression. The depression growth can be easily
explained through accumulation of the high-latitude magnetic flux
in the course of the flux transport to the nightside under the
southward IMF. Storms and strong substorms seem to be unrelated
phenomena just having a common cause: the southward IMF.

Yu. Maltsev

Cy00ypu He HE0OX0aUMBI 151 pocTa aernpeccun Dst. Ee MoHO
00 bsICHUTB IEPEHOCOM C THEBHON CTOPOHbI M HAKOILJICHHUEM B
XBOCTE MAarHUTHOTO ITOTOKA IIPU K0KHOKU KoMImoHEHTE MMII.
Cy00ypu u Oypu- SIBICHHS HE CBS3aHHBIC, JIUIb UMEIOIINE OO

WCTOYHHK - F0)kKHOEe MMII.
FO.I1. ManbiieB



There are several models predicting the time history of
Dst as a function of solar wind coupling appeared

to be remarkably accurate, and they do not

involve any measure of substorm activity

Moreover, Iyemory [1994] and Iyemory and Rao [1996]
demonstrated that the storm time depression grows

at the substorm growth phase only. After the

expansion onset some weakening of the depression
occurs.

3amMedaTeIbHO TOYHBIE MOAECIN BPEMEHHOTO X01a Dst
OCHOBaHbI TOJILKO Ha Mmapamerpax CB, 06e3 yuera
cy00ypb. B paboTax Memopu mokazaHo, 4TO ACIpPECCHus
Dst pacTeT TOJIbKO Ha MOATOTOBUTEIBHOM (hase, a C
Ha4yaJIOM DKCIIAHCHUH CJIETKa 0cjlabeBaeT.



Plate 2
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Schematic illustration of midlatitude magnetic variations in the H component at three different ML Ts

Iemor1 effect can be explained as a substorm field-align
current addition to Dst (Kamide).

Db dexr Memopu - BKiaa Mpo0abHBIX TOKOB B Dst




Sun and Akasofu [2000] showed that the Dst
index 1s much better correlated with substorm related
field-aligned current index, AF (k=0.93).

Can u Akacody BBeJIM HHAEKC MPOJIOJIbHBIX CyOOypPEBBIX TOKOB,
KOTOPBIA OTIIUYHO KOppEIUpPyeT ¢ Dst-unmexcom.



Ring current contribution to Dst is prevailing only during
recovery phase. On the main phase contribution of the
magnetopause current, magnetotail and auroral zone currents
(including substorm current wedge) are also important.

Dst HMHJICKC aZICKBATHO OTPA’KACT MOIIHOCTDH KOJIBIICBOI'O TOKA
TOJIBKO HAa CTaANN BOCCTAHOBIJIICHMUI.

Ha rnaBHoOM (haze Dst BKIro4aeT Takke TOKH Ha MarHUTOIIAay3e,
B XBOCTE M aBpOPAIbHOM 30HE, BKJIIOUasi TOKOBBIN KJIMH CyOOypH.

Most of the storm-substorm studies discuss substorms influence
on Dst, what about ring current particles?

OOBIYHO M3YYalOT BIMAHKE CyOOyph Ha (DOPMHUPOBAHUE
KOJIBLIEBOTO TOKA . YTO M3BECTHO O HOCHUTEIISIX TOKA?

.
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Access of 10- to 200-keV 10ns to L ~ 2.5-4 may occurs
due to the combined magnetic and ExB drift in enhanced
convection electric field from the nightside plasma sheet
or by radial diffusion from the impulsive electric field
enhancements . Diffusive transport 1s more important for
the longer and more intense storms, and for high-energy
10ns.

IIepenoc noHoB (10-200 k3B) Ha L ~ 2.5-4 MoXeT ObITh
cBsi3aH ¢ ExB apeiidom ripu yCHIIEHHOM T0JIEM
KOHBEKIIUM U ¢ pajualibHOM nudPy3ueii Ha UMITyJIbcax
IEKTPUYECKOTO TOJIS.



WHAT INFLUENCE ON RING CURRENT FORMATION
#1 large-scale storm time enhanced convection +

#2 Growth phase substorm convection- inseparable from #1
#3 Substorm injection (induced E field)

#4 SC-induced E-field

Nel KpynHomacimTabHas yCHICHHAsT KOHBEKITHS

No2 KoHBeKILMs ITOArOTOBUTEIILHOM (ha3bl CyOOypH - HE
OTAEIUTH OT Nel

No3 MTHAYKIIMOHHOE MOJIE€ MHKEKIUH (JIUITOIN3aIINH )
cyooypu

Nod NupyKIIMOHHOE moj1€ uMITyJbca mmojpkaTust SC
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SUBSTORMS - RING CURRENT FORMATION version #1
- both the dayside compression and nightside collapse of
the magnetic field have very little influence on the
development of a stormtime ring current. [Wolf et al.]

- There 1s not much (if any) systematic influence on ion in the
E<40 keV range which supplies most the stormtime ring current
energy content [Liemohn et al |

- plasma 1n the E<40 keV energy range is not significantly
affected by substorms [Birn et al., Daglis and Axford,
Grande et al. ]

- MHKEKIMS HE yCKopsieT noHbl <40 k3B, naromue
MOJIABJISFOIIMMN BKJIA]T B KOJIBIIEBOU TOK

- ma3Ma <40 k3B BooOI11Ie HEe yCKOpsieTcsl BO BpeMsi CyOOyph

- Hu nHeBHOE MoKaTHe, HU HOYHAS JUIIOIU3AIMS He

BJIMSIIOT HA Pa3BUTHE KOJIBIIEBOIO TOKA.



Version #2
One of the most important evidence of the substorm - ring current
close relation was finding that 1onospheric O+ ions, are often
dominant ions in the storm-time ring current belt.
- O+ are associated with the upward field-aligned currents
during substorms and threfore 1ons 1njection into the ring current
during substorms is evident.
- Intense large-scale electric field during dipolarization brought
far more 1ons into the ring current than either convection or
substorms could do alone. [Fok et al., Ganushkina et al]
-Ba)kHbIM OATBEPKACHUEM CBSI3U CyOOYph C KOJIbLIEBBIM TOKOM
SIBUJIOCh OOHapY’KeHHE B HEM OOJIbIIIMX ITOTOKOB HOHOB O+
HOHOC(EPHOTO MPOUCXOKICHUSI.
-Tonbko cyOOypeBast akTUBHOCTh MOXKET 00CCIICUNUTh UX IOSBICHUE
B KOJIBIIEBOM TOKE.
- BMECTE M0JI€ KOHBEKIIMHU 1 JIUIOIU3AlMHU JTOCTABISIOT MHOTO
OOJIbIIIE HOHOB B KOJIBIIEBOM TOK, Y€M KaKJ0€ U3 dTUX IOJIeH
OTIAENBHO.
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MTail

Magnetospheric boundaries

motion during magnetic
storms.

Magnetic storm can be
described as a long lasting
deviation of the magnetosphere
from the normal, quiet condition
on three directions:
configuration,

current systems (Dst)

and particle population.
Distortion of the configuration 1s
a leading process during the
main phase.



Earthward
shift of the
auroral oval
boundary
went before
the Dst
during
storm main
phase
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Conclusion

1. Storm-substorm relations are unlike for different
storm phases.

2. On SSC fast change of the magnetosphere
configuration and particle injection to the inner
magnetosphere proceed simultaneously but

independently on the current substorm activity. Possibly

previous substorm activity is important.
SC-substorms may differ greatly from ordinary
substorms.

3. During the main storm phase Dst-index cannot be
considered as a true representation of the processes in

the magnetosphere.

Substorms (along with the solar wind pressure) are
responsible for the dynamics of the boundaries (QTR,
auroral zone, inner plasmasheet).

Substorm induced electric fields may be important for
the ring current formation.

Substorm accelerated particles are important for the
development of the partial (asymmetric) ring current.
Substorms during the main storm phase are in general
similar to ordinary substorms but differ by location,
intensity and some other features.

4. During storm recovery phase substorm activity is not
important for the processes of the ring current decrease
and magnetospheric reconfiguration.

BriBoabl

1. CBs3b Oypb 1 cyOO0yphb pa3Hasi Ha pa3HbIX (azax
MarHuTHOH OypH.

2. Bo Bpems SC u cy00ypst IpOUCXOIsT
OJTHOBPEMEHHO C OBICTPHIMU U3MEHEHUSMHU
KOH(QUTYypaIuyu Maruutoc(epsl U ¢ MPOIeCCOM
WHKEKIIMW YaCTHI] BO BHYTPEHHIOI0 MarHutrocdepy,
HO 0€3 B3aMMHOT0 BIUSHUSA. BO3MOXXHO BIUsiHUE
peIecTBYOIEeH cy0OypeBoi aKTUBHOCTH.
SC-cy060ypu MOTYT CHUIIBHO OTIMYAThCS OT OOBIYHBIX
cyOO0ypb.

3. Bo Bpems miaBHOM ¢a3el Oypu Dst uHaekc He
OTpa)XaeT COCTOSTHUE U IMHAMUKY MarHuToc(depsl.
Cy060ypu (BMecTe ¢ JaBJICHHEM COJIHEYHOTO BETpa)
ynpaBistoT fuHaMukon rpanuil (OK3, 30HbI CUSHUIA,
IUTA3MEHHOTO CJIOS).

NHayKUuMOHHBIE AIEKTPUYECKOE oJie CyOO0ypH MOXKET
BJIMSTH HAa pa3BUTHE KOJBIIEBOTO TOKA.

Yactuiipl, yCKOpEHHBIE BO BpeMsi CyOOyph, BaXKHbI
1St QOPMUPOBAHMS YACTUYHOTO (ACHUMMETPUYHOTO)
KOJIBIIEBOT'O TOKA.

Cy060ypu BO BpeMsl IMITaBHOM (pa3bl MOBTOPSIOT
IJIaBHBIC CBOMCTBA OOBIYHBIX CYOOyph, OTIIMYASIChH
MOJIO’KEHUEM, MOIIIHOCTBIO U PSJIOM JIPYTUX CBOWCTB.
4. Bo BpeMsd (a3bl BOCCTaHOBIIEHUS MarHUTHOM Oypu
cy0OypeBasi akTUBHOCTb HE BIUSET Ha TPOLIECCHI
pacnajia KoJbII€BOTO TOKa U PeKOH(UTypaluu
MarHuTocdepsl.




