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Abstract

Shocks driven by coronal mass ejections (CMEs) are the most powerful accelerators of gradual solar energetic
particles
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compression ratio and the Alfvénic Mach number are lower
than those found in previous works due to an underestimation
of the gas density upstream of the shock from SPAN-I. For an
alternative estimation of the density, we check the presence of
Langmuir waves in the waveforms acquired by the Time
Domain Sampler (TDS) on board PSP (see S. D. Bale et al.
2016) and determine the electron density from the frequency at
which the electric field power spectral density (PSD) shows a

clear maximum, if present. While we observe a clear signature
of Langmuir waves upstream, as in I. Jebaraj et al. (2024), we
cannot infer any value downstream because of the lack of such
Langmuir wave signatures. If we assign to the downstream
density its value at the shock from the TDS, we obtain a gas
compression ratio of about 2.54, closer to the result by
I. Jebaraj et al. (2024). Thus, in both density estimates an
approximate value can be obtained.

Figure 3. Magnetic field and plasma observations by (a) PSP, (b) SolO, (c) STEREO-A, and (d) Wind. From top to bottom, the panels show the magnetic field
components and magnitude, the bulk velocity components and magnitude, the proton density, and the plasma temperature. The vertical dashed lines indicate the time
of the spacecraft shock crossings: PSP on March 13 at 07:13 UT, SolO on March 14 at 01:08 UT, STEREO-A on March 15 at 01:16 UT, and Wind on March 15 at
04:02 UT, respectively. The shaded areas mark the time intervals in the upstream and downstream regions used to calculate the shock parameters.
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