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1. Context and motivation 4. The 14 July 2012 ESP Event 6. The 3 November 2021 ESP Event

» In the framework of the project Comprehensive spAce wEather Studies for the ASPIS prototype » Shock passage at Wind on 14 July at 17:39 UT. The values of the main shock parameters we » Shock passage at Solar Orbiter (SolO, located at 0.85 AU) at 14:04 UT, and at Wind at 19:35 UT.
Realization (CAESAR), we studied several Energetic Storm Particle (ESP) events observed by various obtained are: shock-normal angle 0g, ~ 37°, fast magnetosonic Mach number M, =~ 2.8, The shock parameters were calculated by Trotta at al.(2023), and are given below.
spacecraft (S/C). compression ratio r =~ 3, and plasma beta 5 ~ 0.73. S S ST oo 7 13 Mo

» We analysed the ESP proton energy spectra, as they provide useful information for the investigation of  » To calculate the proton energy spectrum, we used particle flux data from Wind, ACE, and SOHO

Solar Orbiter | 03/11/2021 14 : 04 UT 45.3°/1.47 0.5 5.5

the acceleration mechanisms occurring at interplanetary (IP) shocks. The turbulent magnetic field (all located close to the L1 Lagrangian point). In order to combine the data from different S/C, a _ _ )
fluctuations in the upstream and downstream regions of the shocks were also investigated. calibration procedure was applied between Wind/3DP and SOHO/LED, and between ACE and Wind 03/11/2021/19 : 35 UT 33.1°/5.15 0.4 5.3
» \We present here the results concerning some of the investigated ESP events. SOHO/LED.

. Spectral shapes and acceleration mechanisms » The average differential flux dJ/dE (figure on 10°

X?=22.46, X2 g,= 132

the right) was calculated over an interval of 10°} =
» We considered the functional forms mentioned below (where E is the particle energy and dJ/dE the three hours around the shock arrival. The best 10°} s g
differential flux) to fit the ESP proton kinetic energy spectra. fit, among the three functions mentioned in T 10°} f s
Ellison-Ramaty spectrum (Diffusive shock acceleration) Section 2, is obtained with the Ellison-Ramaty = 10°} T kt
function (solid line), with a reduced chi-square & ;| 1 §
dJ _ 2 _ £ A S m
— = CE " exp(—E/E) Y- = 1.32. The best-fit parameters are 2 00 y <
dE ~v, = 0.9 and Ey = 2.07 MeV. £l A 3 ©
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> The diffusive shock acceleration (DSA) theory predicts a power-law energy spectrum, with the spectral  » The analysis of turbulent magnetic fluctuations 5 442}/ * ol 0% " _
: : : : ld be performed only with ACE data, dueto ° _ | ot j 1071 . ' ' ' 10 7 0 N i
index related to the shock compression ratio. Ellison & Ramaty (1985) argued that the power-law SRS B _ | Ata, 10°f| '+ SOHO-HED N e e o o e 10 o e 10
spectra should roll over at high energies due to finite size effects and proposed an exponential decay to gaps in high-resolution Wind magnetic field O I 20,905, £y=2.069 T S
describe this characteristic. data. The upstream and downstream flatnesses ot - 0 —— .. .1 > Proton energy spectra calculated both for SolO (left panel) and at L1 (right panel, using flux data
Daulile semer I Goacki (not shown) do not present relevant differences. 10 10 £ MeV] 10 10 from Wind, ACE, and SOHO). In this case the best fit is obtained with the Band double power law
function. The power law indexes are v, ~ 1.2 at low energies, while at hgh energies v, =~ 7.9 (SolO)
dJ _<£> 5. The 7 September 2017 ESP Event and v, ~ 6.4 (L1). More details on this event can be found in Chiappetta et al. (2023).
E- CE 72e \B) forE < (v — 7a)Eo | |
4] » Shock passage at Wind on 7 September at 22:28 UT. The main shock parameters are: 0g, ~ 52°, Solar Orbiter - Upstream — Solar Orbiter - Downstream
F=CE™ {10 = 1) B 07 for £ > (75 = 7,)E: (1) My 2 2.2, r 2 2.7, B ~ 0.12. —
» The proton energy spectrum was calculated 10%; ) —— _
» The double-power-law representation of Band et al. (1993) has been proposed in some works (see e.g. with the same procedure described above. | £ £
Mewaldt et al 2005) to provide better fits than Ellison-Ramaty function to SEP particle energy SOHO-HED fluxes are not shown as they do i o o
spectra. The presence of the spectral break has been attributed to processes able to modify the not present increases at the shock. The best fit T GO | 3 L
power-law spectral form produced by the DSA, such as stochastic reacceleration in enhanced Alfvénic is obtained with the Webull function (solid % j
downstream turbulence. line), with a reduced chi-square Y2 =0.77. The 5 [
Weibull spectrum best-fit parameters are v = (0.490 + 0.010) o T s
1 - and E. = (0.309 4+ 0.030) MeV. £ Tls] rls)
aJ _C £ EY/? exp | — £ » The turbulent magnetic field fluctuations 5 | » Magnetic field fluctuations upstream and downstream were studied using SolO/MAG 0.125 s data.
dE E- E-) upstream and downstream were studied using S N1 ‘é"(‘)’;‘{% Time series of 68 min length, avoiding a 5 min interval around the shock. Also for this event, in the
10 f| ° E . . . - . .
- Tie Wis sl istrlsntien lhes bean foumd o sievide the best G fer iz peride enermy spectrom i Wind /MFI high resolution (0.092 s) 0 | . ACE ; downstream region the flatness is significantly larger and increases in a steeper way as 7 decreases.
| Weibull |

several SEP and ESP events (see g, Laurenza et al. 2015; Chiappet et al. 2021) 30 i gt were consteed, vadng 25 "W W
50 min length were considered, avoiding a 5 10 10 10 10 10

» The Weibull spectrum can be obtained as a steady-state solution of the diffusion-loss equation in a
model wherein acceleration is represented as an anomalous diffusion in momentum space (Pallocchia et
al. 2017). In this framework, the Weibull spectrum can be related either to stochastic acceleration

. E [MeV]
min interval around the shock. _ o
» The figures below show the flatness of the increments of magnetic field components, calculated

upstream and downstream of the shock, as a function of the timescale.

» Our findings are in agreement with those in Chiappetta et al (2021), with ESP proton spectra at
quasi-perpendicular shocks well described by the Weibull function, while the Band function provides

(SA) or to shock surfing acceleration (SSA). In the latter case the expected value of the Weibull the best fit in the case of quasi-parallel shocks. In this work, for the events for which such spectra
spectral index would be v = 0.5. . Upstream . Downstream occur, we found that turbulent magnetic field fluctuations around the investigated shocks show an
40 - B 40 - ' enhancement of the intermittency levels in the downstream region. These results support the scenario
— By . . . . . . L
. Role of MHD turbulence around the shocks 35 5. 35 in which two different mechanisms contribute to particle acceleration in different energy ranges, as
» The characteristics of magnetic turbulence around IP shocks can have a significant impact on the Eh = prc?posed " th-e e (B Kallenrode 199, _Pallocc-hla t ?l' 2017, Chlappetta ?t aI-. 2021), the .DSA
. . . . . . L. = 55 % 5 being the dominant mechanism at low energies, while at higher energies a contribution from SA is
particle acceleration processes, in particular if stochastic acceleration is involved. 4 4 _
L . . . - 5 31 5 207 present. On the other hand, the occurrence of Ellison-Ramaty spectra could be due to the absence of a
» A significant correlation between the high energy ion flux and the turbulence level (quantified by the = | = | . . .
_ o _ _ _ background of high energy particles, necessary for SA mechanism to be at work.
total power of magnetic fluctuations in a given frequency range) in the downstream region was found ] = |
» The turbulence properties around an |IP shock can be investigated in more detail by calculating the 0 e 0 .
| dP p PSD d : . 7 o 5 . field Y & 107 10° 10° 107 10° 107 10° 10" 107 10° 1] Band, D., Matteson, J., Ford, L., et al. (1993), ApJ, 413, 281
power spec.:t_ra er_]SIty ( ) cli _St_rUCture _unCtlonS of t e magr_]etlc IS0 o Tls] Tls] 2] Chiappetta, F., Laurenza, M., Lepreti, F., & Consolini, G. (2021), ApJ 915, 8
» More specifically, in order to obtain information about the intermittency level of magnetic field » In the downstream region the flatness is significantly larger and increases as 7 decreases down to 3] Chiappetta, F., Laurenza, M., Lepreti, F., et al. (2023), Front. Astron. Space Sci. 10 : 1209479
fluctuations, we used the flatness (or kurtosis) T &~ 1 s for the B, and B, components, indicating a higher level of intermittency with respect to 4] ClaBen, H.-T., Mann, G., Forsyth, R., & Keppler, E. (1999), A&A 347, 313
(0 (N2 the upbstream resion 5] Ellison, D., & Ramaty, R. (1985), ApJ, 298, 400
Fi(r) =5"/1%"]", P eeion. | | 6] Kallenrode, M.-B. (1996), JGR, 101, 24393
ere SO0 _ (1B(4 B (£)IP R c o S » A comprehensive study of the Space Weather event starting on 6 September 2017, encompassing 7] Laurenza, M., Consolini, G., Storini, M., & Damiani, A. (2015) JPhCS 632, 012066
_W ere 5p (1) = (|Bi(t +7) — {( )| ) are the structure func 'O'?S ot order p o _ € Mmagnetic Tie the whole chain of phenomena occurred from the Sun to the Earth, is presented in the poster 8] Mewaldt, R. A., Cohen C. M. S., Labrador, A.W., et al. (2005), JGR, 323, 110
increments, B;(t) are the magnetic field components, 7 the the timescale separation, and (-) denotes EGU24-11750, session STA.4, by Laurenza et al. 9] Pallocchia, G., Laurenza, M., & Consolini, G. (2017) ApJ 837, 158
time average over the considered interval. 10] Trotta, D., Hietala, H., Horbury, T., et al. (2023) MNRAS 520, 437
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