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Figure |.Solar wind & geomagnetic parameters

I 3 INTRODUCTION CIR gioup1 CIR gIoupZ CIR gIoupB CIRgIoup4 3.2. PSD SIMULATIONS 3.3. SIMULATION INFO
= During the second half of 2019, the Earth’s magnetosphere was impacted by a 800 F . . l | | . Fioure 5. Electron PSD temboral brofiles In order to reproduce the observations, we performed numerical simulations of
sequence of isolated Corotating Interaction Regions (CIRs) during four 2 L ’N | & ’ P P the radiation belt environment, which we plotted as PSD temporal profiles, again
consecutive solar rotations. ~ ; “Mw\: ”j M ok Using the relevant models mentioned in Section 3.3., we produced temporal focusing on the 3™ CIR group. This was done in the scope of the EU-H2020
" The 3 CIR group arrived during August-September 2019 and resulted in Zaook i f NN N T YT hj\«a | e profiles of the electron PSD, focusing on the 3 CIR group (28/8-15/9/2019).  >afespace Research Programme.
significant multi-MeV electron enhancements, up to 9.9 MeV. | I | | | | We utilized and combined We reproduced two scenarios:
* |n order to assess the relative contribution of radial diffusion and gyro- s} 1 The format of the shown results, for each p and K value, is as follows: e I e = = One including all mechanisms
;(:]sonasnt acc[e)leratiorE,Pg)[;:)using on this |:3)"d CIR group, we study the electron %10_ l = EMERALD (NKUA) (radial diffusion & local acceleration)
dseopaceBensity INFEHOVays, Y- 2 st | Hu ﬂdh! - PSD Observed PSD, calculated with RBSP, Arase, THEMIS data (as in 3.1. = GEO model (NKUA = One including radial diffusion onl
* Producing PSD radial profiles using data from several satellites. SIWJLAJMV WM}WMM}‘\ . Ay .wMMJl - | ) = S bé& C§NERA) ; ’
, : ) , : : PSDp.. Simulated PSD including all mechanisms (rad. dif. & loc. acc.) alammbo ( )
* Producing PSD temporal profiles using several numerical simulation = ' ' ' - ' ' = VLF model (IAP)
models ‘:’ 201 | L* PSDp,, Simulated PSD including radial diffusion only Plasmaspheric Todel (B|RA |ASB)
* _qO) oF | -
= Additionally, we inspect the dependence of the PSD profiles on the values of =20 PSDav / PSDogs The ratio of the all mechanism simulation over the observations = FARWEST (ONERA)
the first and second adiabatic invariants (k,K). %::g: | | | | | | PSDp,, / PSDoggs The ratio of radial diffusion simulation over the observations
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| | Figure 5. Electron PSD temporal profiles
= 1000 MeV/G, K = 0.03 G'2R, 1 = 5000 MeV/G, K = 0.03 G'2R 1 = 5000 MeV/G, K = 0.15 G'"?R;
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Solar wind parameters (Vsw [km/s], Psw [nPa] (OMNIWeb)) and geomagnetic Figure 2.VLF wave activity

indices (SYM-H [nT] (OMNIWeb), SML [nT] (SuperMAG)) during the period of C'RQIOUN C'RQ[OUPZ ik st e il 5 ﬁ
interest (1/7-15/10/2019), including all the CIR groups, indicated by magenta lines. | ] S “as
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The four CIR groups exhibit similar Vsw and Psw structure and result in weak %7 80 = 59108 30/08 01/09 03/09 05/09 07/09 09/09 11/09 13/09 15/09 58108 30/08 01/09 03/09 05/09 07/09 09/09 11109 13/09 15/09 28/08 30/08 01/09 03/09 05/09 07/09 09/09 11109 13109 1509
¢« o . r.d . o, o . o o a; QO
storm activity, with only the 3™ CIR group exhibiting intense substorm activity. = 6 .- K - — N oL o -
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mode chorus waves, calculated following Li et al., 2013, using POES&MetOp/SEM-2 : : . e y | ] u,o0 i k FI r lI PN _.ll I y I L" Il 0 3
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data. Agaln’ only the 3 CIR group resulted in intense and prolonged VLF wave CIR QKOUD1 CIR QIOUPZ CIR 9r0Up3 CIR 91’0Up4 58108 30/08 01/09 03/09 05/09 07/09 09/09 11/09 13/09 s0s 8 skoe 30/08 01/09 03108 05/09 07/09 09/09 11/09 13/09 500 B 2aoe 30/08 01/09 03/09 0509  07/09 09/09 11/09 13/09 1509 &
activity, following the substorm activity. (Ve also note that this is the case for the \ ‘ . . . . . . . . 1 8

ULF Pc4-5 wave power spectral density as well, as calculated following Katsavrias et 5'2 | | H “ | | ””””mwmm "% LSI:T_L‘ w % i ] é L ‘ L™ I"| 'I L 1 l ‘ i é Lot _I 1 II I " I L 'o
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Figure 3. Electron flux intensity i 2 &, W The PSD,,, describes the PSDgoz more The PSDp, | seems to overly underestimate the On the other hand, in the case of u = 5000
The losarithm of i-directional electron flux intensity [(MeV cm? -17 § 2051/0 T A 1 8 accurately, with the ratio of PSD,,,/PSD s being PSD ops. Howevgr, this is also true considering MeV/G and K = 0.15 G'"2R, corresponding to

© fogarithim of omni-directiondal electron Tix Intensity [(MeV cm*® sr 5)~] for e = generally larger than the PSDg/PSDggs ratio, the PSD, , which also seems unable to fully more off-equatorial mirroring populations, the
ultra-relat|V|st|F electrons of E = 42, 7.7, and 9.9 MeV (RBSP-NMegEIS&REPT, 5 \WW‘ 258 o and closer to 0, indicating that local acceleration reproduce the PSDgps. In the same time, the PSD,,, describes the PSDops more accurately,

— O . . . . - . . . .
cleaned and sllghtl?' rescaled using Arz::e/XEP as a referencc?, ff)llowmg S.andberg et EJ4.i mnmm ""”m mmm mmmm , &2 via chorus waves is dominant for the ratios seem virtually similar, making the p = 5000 again with the PSD,, /PSDgg ratio being closer
al., 2021). We notice that only the 37 CIR group r.esults in intense, discreet and =35 ““N”"MMﬂﬂ.“WM"H”“" éE acceleration of the p = 1000 MeV/G electrons, MeV/G and K = 0.03 G'”R; case inconclusive to 0, indicating that local acceleration via chorus
prolonged energization of all shown electron populations, even up to 9.9 MeV. 3 S as also indicated by the radial profiles shown in about the relative role of the two acceleration waves again plays an important part.
2051/0 01/09 15/09 01/10 15/10 Section 3.1. mechanisms.
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S35 Ea 4. DISCUSSION & CONCLUSIONS 5.FUTURE WORK
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Flgure 4. Electron PSD radial profiles 20 ioh 15/07 oh/08 15/08 01/09 15/09 01/10 1510 = * |n all shown cases, the PSD,, seems to underestimate the PSD values. * Compare the observed PSD calculated with OPQ (used in the simulations)
Radial profiles of the PSD, covering only the first part of the 34 CIR group (28/8- Figure 4. Electron PSD radial profiles = The u = 1000 MeV/G, K = 0.03 G'”2R;. electrons is the only shown case vs the PSD c.alculat.ed Wlth 1504 (gsed for the radial profiles).

. . . . i =100 (MeV/G) i = 1000 (MeV/G) i = 5000 (MeV/G) . . . . E . . * Produce radial profiles using the simulated PSD.
4/9/2019). The PSD is calculated following Nasi et al, 2020, using Arase/HER 04109 (00:00 where the simulation including all mechanisms best describes the = Investigate possible timelags
Arase/MGF, RBSP-A/MagEIS&REPT, RBSP-A/FXG, all combined for L*<5.8, and 03/09 (18:00) observations of the PSD. Both their temporal profiles and ratios indicate s Incorporate errors in the PS'D calculation
THEMIS/SST, THEMIS/FGM for L*>5.8. The PSD radial profiles are produced for ) 03/09 (12:00) that local acceleration via VLF chorus waves seems to be the P '
three values of the first and second adiabatic invariants: u = 100, 1000 and 5000 c(g; 03/09 (06:00) dominant mechanism for their acceleration, as also indicated by the PSD
MeV/G, and K =0.03,0.09 and 0.15 GI/ZRE, (Mor'e details in Nasi et al., 2022) § zzzzﬁ:izz; radial proﬁ|es.
" P 6. REFERENCES
Conclusions: ) zzzz:}zzgi = The p = 5000 MeV/G, K = 0.03 G'"2R; electron population proved
| 5208 ooy inconclusive on the relative role of the acceleration mechanisms, = Katsavrias et al. (2022). The “SafeSpace” database of ULF power spectral density and radial
Panel (B):”2 | | | o | 08 tiom) contrary to the indications of the corresponding radial profiles. Even the diffusion coefﬁciel?ts: dependencies and application to simulations. Annales Geophysicae, 40,
K=0.03 G"Rg S{near—equatorlal mirroring), L = 1000 MeV/G (relativistic) | 01109 (12:00) simulation including all mechanisms is unable to reproduce the 3L?9_193’|20(2226C|I(;I): I%5I9:/anf.eo-4$379[282|2 S - _— |
Rising peaks at L™ = 4.5-5 indicate local acceleration via VLF chorus waves. + 01/09 (06:00) : B I CR - —onstructing the giobal distribution of chorus wave Intensity using
&P i 1 01/09 (00:00) observations. measurements of electrons by the POES satellites and waves by the Van Allen Probes. Geophys.
o Fo
Panel (C): : 3108 1500 = However, moving on to the p = 5000 MeV/G, K = 0.15 G'2R_ electron Res. Lett. 40,4526-4532. doi: 10.1002/grl. 50920 L
K =003 G'"?R (near-equatorial mirroring), u = 5000 MeV/G (ultra-relativistic) > | 31/08 (12:00) lati | | | ¢ . H . b = Nasi et al,, (2020). Interplay of source/seed electrons and wave-particle interactions in
e E . q . &) K . S — population, local acceleration via chorus waves again becomes producing relativistic electron PSD enhancements in the outer Van Allen belt. J. Atmos. Solar-
Fast gradients (but with lack of sufficient data on high L¥) = (. prominent, event though both simulation cases do not reproduce the Terrestrial Phys. 210, 105405. doi: 10.1016/j.jastp.2020.105405
probably indicate inward radial diffusion driven by ULF Pc4-5 waves. | —— observations closely. = Nasi et al. (2022). An event of extreme relativistic and ultra-relativistic electron
| 30/08 (12:00) enhancements following the arrival of consecutive corotating interaction regions: Coordinated
Panels (D)-(l): | 30108 (06:00) = Generally, plots for higher K values (K = 0.09 and 0.15 G'?R, for all u observations by Van Allen Probes, Arase, THEMIS and Galileo satellites. Front. Astron. Space Sci.
Higher-K PSD profile evolution indicates local acceleration by chorus waves. 30/08 (00:00) values, not shown in this poster) indicate that local acceleration becomes 9:949788. doi: 10.3389/fspas.2022.949788
29/08 (18:00) more important moving to off equatorial mirroring populations, even = Sandberg et al. (2021). Harmonization of RBSP and Arase energetic electron measurements
m e 20/08 (12:00) , o aere e : utilizing ESA radiation monitor data. Space weather., 9. doi: 10.1029/20205SW002692
¢ 3 /05 (060) though this could be due to the fact that radial diffusion in more important
This part of the work, E At L* = 4.5, covering all K values: 3 § o8 a0 for near-equatorial mirroring populations.
included in this white box, . = =02 - T oo 28/08 (18:00) : : . ol
. . 100 MeV/G — E=0.2-0.5 MeV P \808 (1o * The plots of the simulated PSD, and especially the plots of the ratios, could E'- E Scan the QR for a 10 min
haS been PUthhed IN = 000 MeV/G E=1 -2 MeV 80 (12:00) . ] ] . This presentation participates in OSPP
) 28/08 (06:00) prove unreliable as the PSD used in the radial profiles has been calculated EGU - recorded presentation of
Nasi et al., 2022 El . 1= 5000 MeV/G E=28-5MeV 26108 (00:00) with the TS04 model, while the PSD used in the temporal profiles has been T S e & P this work on YouTube
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calculated with the OPQ model.
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