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Introduction

Most of the energetic particles observed in the heliosphere are accelerated by shock waves propagating in the interplanetary space. In order to have information
on the acceleration processes of particles at the shocks associated with energetic storm particle events (ESP), we analyzed kinetic energy spectra of proton flux
enhancements. We considered ESP events by using data from particle instruments aboard STEREO A and B satellites in the energy range from 84.1 keV to 100
MeV. We also investigated the correlation of the downstream magnetic field intensity fluctuations with the proton flux enhancements in the intermediate energy
range 4 — 6 MeV for all the ESP events associated with solar energetic particles (SEPs), and with the Weibull parameters for quasi-perpendicular shocks. Our
results suggest that the downstream turbulence is a relevant factor in particle acceleration and that stochastic acceleration can be a plausible mechanism for

re-acceleration at interplanetary shocks.

ESP not associated with SEPs

Selection of events SEP spectra at quasi-parallel shocks

The best fit for the 22 ESP events
not associated with SEPs, 7 from
STEREO A and 15 from STEREO

B, is obtained with the

For the 5 ESP events occurring in
association with SEPs (4 from

STEREO A and 1 from B), at

quasi-parallel shocks, the double

» ESP events are local increases of energetic charged particle intensities
observed upstream and downstream of interplanetary shocks.

» ESPs can occur at the shock arrival when a SEP event is in progress or on
a quiet background, in the absence of SEPs.
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have an efficient second mechanism
at work strong shocks are needed,

We selected 12 ESP events occurring in association with SEPs at
quasi-perpendicular shocks from STEREO A and 5 from STEREO B.

We performed a fit of the time-averaged energetic particle differential fluxes,
calculated over 3 hours around the shock arrival, by using the Weibull

DSA is modified by some process,
such as SA.

Relations with magnetic field fluctuations

distribution
Y £\ 71 o (E) We used the Spearman’s nonparametric rank correlation analysis to
R — —\& . . . - .
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For the others, Weibull-like shape fits at 10°f
east the high energy tail, whereas the o
bower law fits at lower energies.

This suggests that two acceleration
mechanisms can be at work in different
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Pallocchia et al., 2017.
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Conclusions

» SEP spectra at quasi-perpendicular shocks are best fitted with the Weibull
distribution. The high correlation between the Weibull parameters and the
magnetic field fluctuations downstream of the shocks suggest the idea that
SA plays an important role at high energies.

energy ranges, as proposed b 10 gﬁ?&ET;O?-;kSgVMngMeV » Double power law form fits the SEP spectra at quasi-parallel shocks.
g | g e » ESP spectra not associated with SEPs are best fitted with the
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