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Shock wave parameters
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We employ a methodology to analyse a solar energetic particles (SEPs) event involving a coronal shock wave. In this way, direct temporal correlations between
the shock parameters (such as speed, Alfvenic Mach Number, or theta_BN) and SEPs time-series can be determined. We found high correlations coefficients between
them for both electrons and protons, with little or no dependence on particle energy. This seems to suggest a common energisation at the shock through respectively

shock drift acceleration and diffusive shock acceleration.

for one energy for all energies

Application _, |

;10~~ T T T T T T T3 9=F T T T T v T v — v v 1 v T r 1 rrrrr T HT [" : ey T ' i
Cl: bl 25F(r M g (2)
E | | i ( )f 2 ) #:?*:?* < HJT?T _ I ‘TTW * I |
With a velocity dispersion analysis (VDA), we 0 STA ‘ {: I > _; =051
. : : 8 ' : * 0
obtain an estimated path length for particles from = | w | - pi
£ 15 ) n i = of
the solar release site to the point of in situ g _ - I =1
= | I ~
] e 10 '; | 5 i * =
measurement. The VDA also provides the solar e : | POC =409, (pal = 1.96:28) S 05
= N
] § , | | 1 1 . . . 0.5_3("(1:0.79. (‘p\'nl:II.R(‘-lTl) T
release tlme Of SEPS at eaCh energy band o 0 07:00 07:30 08:00 08:30 09:00 09:30 10:00 ’ 5% 10 15 20 25 30 1
. . i ] Oct 11, 2013 Electrons = T ‘ S—p
— Time-shifted SEP flux time-series can then be - S [klg]
_ _ time shifted according to VDA PR it - UL soeld. S
compared directly with shock parameters. We < | 1 ‘ | “(b)
’ s . % 101: T l I l T T T . - y Y T T T T T T Tx
calculate Pearson’s and Spearman’s Correlation s gt ) P  GE | TR
Coefficients (PCC and SCC) for each SEPs energy 3 STB I a5k » T o ; S
\:T b i _ ¥ :* ; pR% 0
and shock parameter. = < 4 o e : S
by e I * * o
_ 7 3.5 F * 7] =
— The temporal correlations between the shock g | " S ox
S [ . ¥ _ o Y
. . . 2 ! 3_‘ G cmesea g S ] e
properties and the SEPs recorded by individual 5 1071 , 3 [ POC =SNG, (sl == NaN)
B [ scc( 0.82, (pval = 5.8¢-25) _
2 L1 I I ! 1 ! L] 951 ¥ Ly . R TR S i i i -1 - ———
spacecraft can be compared. & 07:0( 07:30 08:00 08:30 09:00 09:30 000 100 102 103
Oct 11, 2013 Electrons Electrons energy [keV]
Fi ti th time of shock time of
lgure representing € connection max(MA) Figure representing correlations coefficients
2013 Oct 11 i i i i . . .
200 — = < velocity dispersion analysis obtain for electrons time-series and MA as a
i st (VDA) of the event for .
180 -[gllt gi‘f[::IL: 1.t8ti 0:1 AU, Tspp=07:14£00:05 UT | function of electrons energy
el --Fit ST-B: L =2.9+0.2 AU, Tspr=07:15+00: 05 UT | E|eCtrOnS and pl’OtOﬂS
= .’
5140— |
2 120} : Resu |tS
=
S 100 3 e Results suggests that particles, whatever their ener are energised in the same way at the shock
: oA gt Spearman’s  Correlation  Coefficients 2 > ’ 2 £ y '
@ & Pl | through shock drift acceleration for electrons and diffusive shock acceleration for protons.
£ A (SCC) between MA and electrons
z e | . . . . To improve our method, we can take into account the uncertainty on VDA. In the future we will try to
0 8 , time-series of differents energies are
e o . fit to the real SEP profile a modeled one, from transport particles codes, with an injection fonction
20} <" ~ comprise between 0.75 and 0.97 for P ' P P ! )
. , . . , including real shock parameters. This injection function will take into account the diffusion of particles.
———a—————————— STA, and 0.77 and 0.97 for STB. J P J P
1/8
Bibliography

Dresing et al. (2022), Gieseler et al. (2023), Jarry et al. (2023), Jarry et al. (2024 in prep), Kouloumvakos et al. (2019), Plotnikov et al. (2017), Rouillard et al. (2012, 2017)




