SM41E-2538 The Ring Current Response to Ditferent Storm Drivers Using Van Allen Probe Observations

University of : 1 1 o ] : 1 1 : . 9 : 3 .- 1 )

: S. Bingham', C. G. Mouikis', L. M. Kistler', H. Spence’, M. Gkioulidou”, S. Claudepierre’, C. Farrugia QAGU FALL MEETING

New HampShlre 1 2 3 San Francisco | 14 -18 December 2015

SSC, Eos, Univ. of New Hampshire, Durham, USA, “JHU/APL, MD, USA, “Aerospace Corporation, CA, USA
Introduction / Motivation Storm Time Pressure Calculations . . Summary of Observations
. . . Storm Time Ring Current Pressure
* The ring current responds differently to the different solar and | Early
interplanetary storm drivers such as coronal mass ejections, e Ma'"Phasel — e fecoveny The Pressure vs. MLT vs. L shell vs. Storm-phase plots provide a statistical overview * Plots a & b show the number of Van Allen Probe
(CME’s), co-rotating interaction regions (CIR’s), high-speed _ i, of the pressure development in the inner magnetosphere through the storm phases crossinghs of elezlch ML'l' and Iash_ell b2ir81d:|ringda tpalrtic:ular
d storm phase. Fewer storms during eads to less
streamers.and other Structurels.. | - g _h ; | Each storm was split in four phases.The pre-storm,_the main phase, the early recovery coverage in the pre-noon sector.
* The resulting changes in the ring current particle pressure change g u D, eSS g R . and the late recovery. Pressure measurements during each storm phase were binned
the global magnetic field, which affects the transport of the radiation 5 . s e i ——— o ot m— accordingly in MLT vs. L. The average pressure in each bin is plotted in color. +Plots ¢ & d (H+ below 60 KeV)
belts. In order to determine the field changes during a storm it is § 7 | ICME CIR * These particles are typically on open drift paths during
necessary to underStand the transport’ Sources and losses Of the . aPrestorm Mail'lcFI’\lI:siveE::Ifg:::v Late Recov bPrestorm Mai:I:\aEs‘;enI:a(r:l(;l:{:tcov Late Recov Stor.m times- .
particles that contribute to the ring current. R Midnight [ Madnight 2 l * During the main phase of the storm, both types of
. . . . . J ’ ] : . storms show the development of a clear MLT
* The source population of the storm time ring current is the night R . h o I | asymmetry at most L shells, and the development of a
side plasma sheet. However, it is not clear how these convecting S s 1. s | partial ring current during the main ohase of the storm
particles affect the storm time ring current pressure development. < e | |2 T | 2 with a peak in the Dusk/Midnight sector. For the ICMEs
, , , s £ s Noonizp- B e e e S hoonrzp m B e | _ _ ,
* We use Van Allen Probes observations to determine the ring 2 _—] I 11 - I ' 1l the pressure is slightly higher and at lower L shells,
current pressure development through the storm phases. - pawn o | | . | ! compared to CIRs. | |
» \We combine observations from storms that are related to different | il | | * The MLT asymmetry persists during the early recovery
. . . . o l T 1 phase in both cases.
interplanetary drivers, CMEs and CIRs, to determine their effect on Do o= ~ S Midright o K e | Midnight o s s
the rlng Current development 2013 Mar Tlme (UT) L shell L shell L shell L shell L shell L shell L shell L shell . PIOtS - & f (O+ beIOW 60 kev)
_ _ * Shown above is a sample storm from our storm list. The pressure oo Corestorm e Phase. Early Rocov _Late Recor o 24dprestorm e Phase  Early Recor Lats Recov * This energy range covers the bulk of the O+ pressure
|nStrumentat|On, Data and Orbltal coverage energy Spectra and total pressure are Calculated for each l ] contribution.
Van Allen Probes A & B spacecraft with HOPE and MagEIS data. . | - * The CIRs show a similar pattern to the H+ pattern. The
- HOPE R+ & O+ <60 keV. The pressure calculated from the HOPE * In order to do a statistical study on the ring current pressure g g ICZ/IESI Sho(\;\{ - Strtolngel tQ+ Cont”bu“ctm to the pressure
- ST - . s o and a less distinct local time asymme
data was used with a multiplied tactor of 3 to agree with development we looked the pressure development during each o I D . e 5 oons ymmetty
measurements from other instruments. | phase of the storm with the following definitions for each phase. ol 1% - Plots g & h (>60 keV All-lon — treated as H+)
- MagEIS - All lons > 60 keV. Pressure calculated with MagEIS data - Prestorm — 9 hour period (1 orbit) before the onset was pan & - pawn & I - » Most of the time these higher energy particles are on
assumed that all ions were H+. This can lead to an underestimation determined to start. 1| | closed drift paths.
of the pressure if there is significant O+ above 60 keV. - Main Phase — after the onset and once the Dst started to vianign: NN . M. . M. . EEM [ vicright . M. MY . N [ * During the main phase of the storm the pressure
Geomagnetic Storms significantly decrease until the min Dst was reached. T Lshell Lshell  Lshell L shel Lehell - Lshell  Lshell L shel contribution decreases, compared to the pre-storm
- A list of geOmagnetiC storms during the VAP era was Compiled . Early Recovery — From minimum to Dst until the SlOpe of the e 'HOPE O+ ICME f ~ HOPE 0+ CIR levels, in particular in the outer L shells. The ICMEs
] ] ] ] o ) ] o ] . ) Midnight 24 Prestorm Main Phase Early Recov Late Recov Midnight 2 Prestorm Main Phase Early Recov Late Recov ShOW ) larger dI’Op Compared tO the CIRS However the
with the selection criteria requiring a single identifiable storm driver, a increasing Dst changed ; ! NS o
. . . ' pressure contribution in the CIRs is similar for all
single drop and the recovery of the Dst — i.e. no two driver or double - Late Recovery — From the end of the Early recovery until the . . bhases.
dlp storms — and a minimum Dst of -150 nT. Dst returned to a pre_storm level ;_f ;f
_ _ * During the main phase of the storm there is a significant 5 Noon s > Joem N 1 - > *Plots i & j show the total ring current pressure
Storms used in this study pressure increase in the ring current region. s ok development. |
" Superposed Epoch Times of Dst index * For most of the events that we studied the bulk of the O+ Dawn ¢ I} = Dawn « < ‘Tflle t?tatlhpreisure rmt% Cturrent develotrr)]menttmlostly
R : . s : I : reflects the changes that are seen in the particles
pressure is confined within the HOPE instrument energy range. B [ - [ below 60 keV. in particular for the ICMEs. The ICME
e 02 3L s4heI5l E éLlslhelllI5 E éleulellé E 3L s4heI5I ) e 02 3L s4heI5I 2 ISLSAh;Il‘ E éle'lellg : 3L s4heI‘rl ) Storms ShOW a pronounced partlal ring Current bUllt up
] ] during the main phase of the storm from these
Plasma Sheet partICIeS on open gsr[ B!tIEmaBﬁgsths Midnight 24 gPrestorm Mainn::gsilslilgl\ciecov Late Recov Midnight 24 qPrestorm Main II:nhaagsEISE;II? Recov Late Recov partICleS
; [ : [ * In both cases the ring current becomes symmetric in
. Van Alln Pre- PssuﬁlL’ Time .y 107 [ _ 100 [ _ 100 the recovery phase.
s oM | P ) Dusk 1o . Pusk e 5
T lgz*vl . ; I‘ ;‘ | ,' ,, , | 'f3 lgs 5 Noon 12| S DN ] % 5 Noon 12| 0 S ] 2 =
: | - : ' . = Moonf | 18 Conclusions
24 0 24 48 E: i If 2 H
EpOCh Tlme (hl’) e Dawn 6| _ i Dawn s__ i .
| | | e o et s i e were
Min Dst date Dst Min Dst date Dst Min Dst date Dst < 10000 VIR YT Midnight ' i 1 e _[0_1 Midnight 5.1 B N s _[m able to build a Ste.‘tIStlcal picture of the ring current
2013_03_17/2100 _132 2013_03_01/1100 _55 2013_11_07/1200 _54 % g 1000l""'lll:'m"":""IHIII”"" A B 0_00051'5'_'(';‘00'1”3_'30;"'3','},{"“(';‘_1"""1"_'0M10_0 i 3L s4heI5I i 3L s4helf ’ 3L s4hell5 : 3L s4heIEI‘ : 3L s4heI5I 2 3L s4hell5 i 3L stl'lell5 i 3L s4heIEl development durlng Storms ] _ _

' | ' £0 Duri n t() 1 dh . * The majority of the pressure increase during the main
2013-06-07/05:00  -73  2013-03-29/18:00 -61  2013-12-08/08:00  -66 . uring the storm main phase i Total ICME ‘ Total CIR ohase comes from particles with energies less than 60
2013-06-29/06:00 -98  2013-05-01/18:00 -67 2014-04-30/10:00 -64 59 most of the ring current Midnight 2a. l I Midnight s l keV/.
2013-07-06/19:00  -79 2013-06-01/08:00 119  2014-08-27/20:00 -80 8 pressure in the pre-midnight B I * In the main phase a strong MLT asymmetry is
2013-07-14/23:00  -73 2013-07-10/22:00 -47 2015-02-18/00:00 -64 ‘_: iInner magnetosphere, is PusK e ] Dusk 18 || obst_erlved Iealc_jli(n? to a par’ii.al ri.ng Current.(;l'llteseth
2013-11-09/08:00  -81 2013-08-05/04:00 -44 2015-04-16/23:00 -78 &3 ' : [ 1 & [ 1 & particles are likely convecting in on open drift paths.
2014-02-28/00:00 _94 2013-08-27/22:00 _54 2015-06-08/08:13 -73 B Contrlbl:-ted fby pltahsma phatrt|dC|eS E Noon 12:_ _________ DS U % g Noon 12} - B _Nwms W % * During the recovery phase t_he ring_ current Pecomes

| | | 83 convecling trrom the nignhtsiae L B P L i 1,8 more symmetric as the particles with energies above
2014-09-12/23:00 -/5 2013-10-09/01:00 -62 2015-07-23/08:00 -64 ; pathS deve|0ping a StrOng Dawn s I ] I Dawn 51 10 e |CME storms studied generated a greater pressure
2014-11-10/17:00  -57 L : ] ; : enhancement that reached lower L shell values than

partial ring current. o | I _
2015-01-07/11:00  -80 5613 Midnight o[ W 1. Midnight o« o b b B L T e CIRs

. 2 3 4 5 2 3 4 5 2 3 4 5 2 3 4 5 2 3 4 5 2 3 4 5 2 3 4 5 2 3 4 5
For more, see. L shell L shell L shell L shell L shell L shell L shell L shell

2015-07-13/15:00  -61 Mouikis et al. Poster #: 2545

2015-08-16/07:00 -84




	Slide 1

