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Introduction

Coronal mass ejections (CMEs; e.g., [START_REF] Webb | Coronal mass ejections: Observations[END_REF] and solar energetic particles (SEPs; e.g., [START_REF] Reames | Solar Energetic Particles. A Modern Primer on Understanding Sources[END_REF] are manifestations of the variable solar activity and important drivers of space weather effects at Earth and other planets (e.g., [START_REF] Eastwood | The economic impact of space weather: Where do we stand?[END_REF][START_REF] Koskinen | Achievements and challenges in the science of space weather[END_REF][START_REF] Temmer | Space weather: The solar perspective[END_REF]. A CME impacting Earth's magnetosphere may trigger a geomagnetic storm depending on its kinematic and magnetic properties (e.g., [START_REF] Gonzalez | What is a geomagnetic storm[END_REF][START_REF] Zhang | Solar and interplanetary sources of major geomagnetic storms (Dst ≤ -100 nT) during 1996-2005[END_REF]. SEPs accelerated by solar flares and/or CME-driven shocks are able to reach energies of tens of MeV/nuc or higher and may penetrate Earth's ionosphere (e.g., [START_REF] Klein | Acceleration and propagation of solar energetic particles[END_REF][START_REF] Malandraki | Solar energetic particles and space weather: Science and applications[END_REF] or even produce secondary particles that reach the ground (causing a so-called "ground level enhancement"; e.g., [START_REF] Nitta | What are special about ground-level events? Flares, CMEs, active regions and magnetic field connection[END_REF][START_REF] Shea | Space weather and the ground-level solar proton events of the 23rd solar cycle[END_REF]. These phenomena frequently occur in concert, especially in the case of large and fast CMEs that are associated with strong flares and that are able to accelerate particles at the shocks ahead of them, generating so-called "gradual" SEP events (e.g., [START_REF] Desai | Large gradual solar energetic particle events[END_REF]. Among the active areas of CME and SEP research, significant efforts are dedicated to improving forecasts of their arrival and space weather impact at a given location in the heliosphere. Recent reviews on the current status of space weather science were compiled by [START_REF] Vourlidas | Predicting the geoeffective properties of coronal mass ejections: Current status, open issues and path forward[END_REF] for CMEs and by [START_REF] Anastasiadis | Solar energetic particles in the inner heliosphere: Status and open questions[END_REF] for SEPs.

The interplanetary propagation of CMEs has been addressed during the past couple of decades by the development of a multitude of models, ranging from numerical (based on magnetohydrodynamic or MHD equations, e.g., [START_REF] Odstrcil | Distortion of the interplanetary magnetic field by three-dimensional propagation of coronal mass ejections in a structured solar wind[END_REF][START_REF] Pomoell | EUHFORIA: European heliospheric forecasting information asset[END_REF][START_REF] Wu | Three-dimensional global simulation of interplanetary coronal mass ejection propagation from the Sun to the heliosphere: Solar event of 12 May 1997[END_REF] to analytical (e.g., [START_REF] Corona-Romero | Calculating travel times and arrival speeds of CMEs to Earth: An analytic tool for space weather forecasting[END_REF][START_REF] Hess | Predicting CME ejecta and sheath front arrival at L1 with a data-constrained physical model[END_REF][START_REF] Vršnak | Propagation of interplanetary coronal mass ejections: The dragbased model[END_REF] to empirical (e.g., [START_REF] Gopalswamy | Predicting the 1-AU arrival times of coronal mass ejections[END_REF][START_REF] Paouris | Effective acceleration model for the arrival time of interplanetary shocks driven by coronal mass ejections[END_REF][START_REF] Vršnak | Transit times of interplanetary coronal mass ejections and the solar wind speed[END_REF]. The plethora of existing prediction tools has drawn the space weather community toward coordinated, international efforts (see e.g., the CME Arrival Time and Impact Working Team: https://ccmc.gsfc.nasa.gov/assessment/topics/helio-cme-arrival.php) focused on benchmarking CME forecasts, especially in terms of hit/miss and arrival time (e.g., [START_REF] Riley | Forecasting the arrival time of coronal mass ejections: Analysis of the CCMC CME scoreboard[END_REF][START_REF] Verbeke | Benchmarking CME arrival time and impact: Progress on metadata, metrics, and events[END_REF][START_REF] Wold | Verification of real-time WSA-ENLIL+Cone simulations of CME arrival-time at the CCMC from 2010 to 2016[END_REF][START_REF] Zhao | Current status of CME/shock arrival time prediction[END_REF]. These studies found out that, despite continued efforts, typical uncertainties for arrival time are still of the order of ±10 hr and typical accuracies in determining a hit or a miss lie around 85%. Predictions of the magnetic structure of CMEs, also known as B Z forecasts, are currently even less advanced (e.g., [START_REF] Kilpua | Forecasting the structure and orientation of earthbound coronal mass ejections[END_REF], although this issue has gained significant momentum during recent years and is being tackled with MHD (e.g., [START_REF] Jin | Data-constrained coronal mass ejections in a global magnetohydrodynamics model[END_REF][START_REF] Shiota | Magnetohydrodynamic simulation of interplanetary propagation of multiple coronal mass ejections with internal magnetic flux rope (SUSANOO-CME)[END_REF][START_REF] Verbeke | The evolution of coronal mass ejections in the inner heliosphere: Implementing the spheromak model with EUHFORIA[END_REF], analytical (e.g., [START_REF] Isavnin | FRiED: A novel three-dimensional model of coronal mass ejections[END_REF][START_REF] Kay | OSPREI: A coupled approach to modeling CME-driven space weather with automatically-generated, user-friendly outputs[END_REF][START_REF] Möstl | Forward modeling of coronal mass ejection flux ropes in the inner heliosphere with 3DCORE[END_REF], and machine learning (e.g., [START_REF] Reiss | Machine learning for predicting the B z magnetic field component from upstream in situ observations of solar coronal mass ejections[END_REF] models.

Predictions of SEPs have also been explored with a number of physics-based (e.g., [START_REF] Marsh | SPARX: A modeling system for solar energetic particle radiation space weather forecasting[END_REF][START_REF] Zhang | Precipitation and release of solar energetic particles from the solar coronal magnetic field[END_REF][START_REF] Schwadron | Earth-Moon-Mars radiation environment module framework[END_REF], empirical (e.g., [START_REF] Anastasiadis | Predicting flares and solar energetic particle events: The FORSPEF tool[END_REF][START_REF] Bruno | Empirical model of 10-130 MeV solar energetic particle spectra at 1 AU based on coronal mass ejection speed and direction[END_REF][START_REF] Posner | Up to 1-hour forecasting of radiation hazards from solar energetic ion events with relativistic electrons[END_REF][START_REF] Richardson | Prediction of solar energetic particle event peak proton intensity using a simple algorithm based on CME speed and direction and observations of associated solar phenomena[END_REF], and machine learning (e.g., [START_REF] Kasapis | Interpretable machine learning to forecast SEP events for solar cycle 23[END_REF][START_REF] Lavasa | Assessing the predictability of solar energetic particles with the use of machine learning techniques[END_REF][START_REF] Stumpo | Open issues in statistical forecasting of solar proton events: A machine learning perspective[END_REF] models, some of which can additionally be coupled with coronal and/or heliospheric MHD simulations to investigate time-dependent particle acceleration (e.g., [START_REF] Luhmann | Modeling solar energetic particle events using ENLIL heliosphere simulations[END_REF][START_REF] Wijsen | A self-consistent simulation of proton acceleration and transport near a high-speed solar wind stream[END_REF][START_REF] Young | Energetic proton propagation and acceleration simulated for the Bastille Day event of 2000 July 14[END_REF]. International efforts (see e.g., the SEP Validation Team: https://ccmc.gsfc.nasa.gov/assessment/topics/helio-sep.php) are underway to assess the current status of SEP forecasting and to establish community-wide metrics. Recently, [START_REF] Bain | A summary of National Oceanic and Atmospheric Administration Space Weather Prediction Center proton event forecast performance and skill[END_REF] assessed the performance of the National Oceanic and Atmospheric Administration's Space Weather Prediction Center (NOAA/SWPC) proton event forecasts, finding for ≥10 MeV (≥100 MeV) proton warnings a probability of detection of 91% (53%) and a false alarm ratio of 24% (38%), with a median lead time of 88 min (10 min). The authors suggested that these results may serve as a benchmark for SEP models that can operate in a nowcast setting, and noted that a particular challenge is to accurately predict the onset, peak, and end times and fluxes of SEP events in different energy ranges.

In addition to dedicated efforts in the context of space weather, which are traditionally focused on the Sun-Earth chain, the research community has also taken advantage of data from multiple spacecraft forming part of the Heliophysics System Observatory to perform multi-point studies of CMEs (e.g., [START_REF] Burlaga | Magnetic loop behind an interplanetary shock: Voyager, Helios, and IMP 8 observations[END_REF][START_REF] Davies | On the radial and longitudinal variation of a magnetic cloud: ACE, wind, ARTEMIS and Juno observations[END_REF][START_REF] Palmerio | Magnetic structure and propagation of two interacting CMEs from the Sun to Saturn[END_REF][START_REF] Witasse | Interplanetary coronal mass ejection observed at STEREO-A, Mars, comet 67P/Churyumov-Gerasimenko, Saturn, and New Horizons en route to Pluto: Comparison of its Forbush decreases at 1.4, 3.1, and 9.9 AU[END_REF] and SEPs (e.g., [START_REF] Bruno | Empirical model of 10-130 MeV solar energetic particle spectra at 1 AU based on coronal mass ejection speed and direction[END_REF][START_REF] Lee | Observations and impacts of the 10 September 2017 solar events at Mars: An overview and synthesis of the initial results[END_REF][START_REF] Richardson | MeV proton events observed by the high energy telescopes on the STEREO A and B spacecraft and/or at Earth during the first ∼ seven years of the STEREO mission[END_REF][START_REF] Rodríguez-García | The unusual widespread solar energetic particle event on 2013 August 19. Solar origin and particle longitudinal distribution[END_REF] at well-separated locations in both longitude and heliocentric distance. Such works have uncovered myriad characteristics and processes that may not be identified based on single-viewpoint in situ measurements or require statistical surveys of large samples of events. These include the detection of longitudinal variations in the shape of CME-driven shock fronts and/or the magnetic structure of flux ropes within CMEs (e.g., [START_REF] Farrugia | Multiple, distant (40°) in situ observations of a magnetic cloud and a corotating interaction region complex[END_REF][START_REF] Kilpua | Multipoint ICME encounters: Pre-STEREO and STEREO observations[END_REF][START_REF] Mulligan | Advancing in situ modeling of ICMEs: New techniques for new observations[END_REF], the characterization of the radial evolution of CMEs (e.g., [START_REF] Good | Self-similarity of ICME flux ropes: Observations by radially aligned spacecraft in the inner heliosphere[END_REF][START_REF] Salman | Radial evolution of coronal mass ejections between MESSENGER, Venus Express, STEREO, and L1: Catalog and analysis[END_REF][START_REF] Vršnak | Heliospheric evolution of magnetic clouds[END_REF], the observation of unexpectedly large longitudinal spreads for some SEP events (e.g., [START_REF] Dresing | The large longitudinal spread of solar energetic particles during the 17 January 2010 solar event[END_REF][START_REF] Gómez-Herrero | Circumsolar energetic particle distribution on 2011 November 3[END_REF]Palmerio, Kilpua, et al., 2021;[START_REF] Wiedenbeck | Observations of solar energetic particles from 3 He-rich events over a wide range of heliographic longitude[END_REF], and the investigation of the longitudinal variation of SEP profiles and properties (e.g., [START_REF] Cohen | The longitudinal dependence of heavy-ion composition in the 2013 April 11 solar energetic particle event[END_REF][START_REF] Lario | Longitudinal and radial dependence of solar energetic particle peak intensities: STEREO, ACE, SOHO, GOES, and MESSENGER observations[END_REF][START_REF] Lario | Longitudinal properties of a widespread solar energetic particle event on 2014 February 25: Evolution of the associated CME shock[END_REF][START_REF] Lario | Radial and longitudinal dependence of solar 4-13 MeV and 27-37 MeV proton peak intensities and fluences: Helios and IMP 8 observations[END_REF][START_REF] Rouillard | The longitudinal properties of a solar energetic particle event investigated using modern solar imaging[END_REF]. Furthermore, multi-point data for a single event can provide useful constraints and validation for CME and SEP propagation models.

An additional level of complexity is given by periods that are characterized by several, successive eruptions (see [START_REF] Lugaz | The interaction of successive coronal mass ejections: A review[END_REF], for a review), which can lead to solar wind as well as interplanetary magnetic field preconditioning and thus result in altered (sometimes enhanced) CME geoeffectiveness (e.g., [START_REF] Liu | Observations of an extreme storm in interplanetary space caused by successive coronal mass ejections[END_REF][START_REF] Scolini | CME-CME interactions as sources of CME geoeffectiveness: The formation of the complex ejecta and intense geomagnetic storm in 2017 early September[END_REF] and higher SEP fluxes (e.g., [START_REF] Lario | Influence of interplanetary coronal mass ejections on the peak intensity of solar energetic particle events[END_REF][START_REF] Richardson | Particle flows observed in ejecta during solar event onsets and their implication for the magnetic field topology[END_REF]. In this regard, studies that aim to analyze and/or model successive CME and SEP events measured at different, well-separated locations in the inner heliosphere (e.g., [START_REF] Bain | Shock connectivity in the August 2010 and July 2012 solar energetic particle events inferred from observations and ENLIL modeling[END_REF][START_REF] Dumbović | Unusual plasma and particle signatures at Mars and STEREO-A related to CME-CME interaction[END_REF][START_REF] Luhmann | Shock connectivity and the late cycle 24 solar energetic particle events in July and September 2017[END_REF][START_REF] Möstl | Multi-point shock and flux rope analysis of multiple interplanetary coronal mass ejections around 2010 August 1 in the inner heliosphere[END_REF][START_REF] Palmerio | Multipoint study of successive coronal mass ejections driving moderate disturbances at 1 AU[END_REF] undertake the holistic approach necessary to better understand the whole heliospheric context and the interplay of complex processes. The recent years have seen the launch of three missions (i.e., Parker Solar Probe [PSP], BepiColombo [Bepi], and Solar Orbiter [SolO]) that are currently cruising and sampling the solar wind in the inner heliosphere. These "newer" spacecraft, together with the "older" but still operational ones (i.e., Solar Terrestrial Relations Observatory-Ahead [STEREO-A] and those near Earth and Mars), represent an excellent opportunity to test, validate, and improve our current modeling capabilities and understanding of the inner heliosphere "at 360°."

Using this framework, the aim of this article is to use observations and modeling to understand the heliospheric context (including CMEs and SEPs) following two noteworthy eruptive flares that took place in late 2020, namely the M4.4 flare of 29 November (originating from S25E96 in Stonyhurst coordinates and peaking at 13:11 UT) and the C7.4 flare of 7 December (originating from S25W08 in Stonyhurst coordinates and peaking at 16:32 UT)-hereafter, Flare1 and Flare2. Both commenced from the same source region, AR 12790, which was still behind the Earth-facing eastern limb at the time of Flare1, indicating that its "true" X-ray class might have been even higher than observed. The first of these eruptions has already gained significant attention, since it was associated with the first widespread SEP event of Solar Cycle 25 and with a CME detected in situ by the PSP and STEREO-A spacecraft (e.g., [START_REF] Cohen | PSP/ISʘIS observations of the 29 November 2020 solar energetic particle event[END_REF][START_REF] Giacalone | Energetic particles associated with a coronal mass ejection shock interacting with a convected magnetic structure[END_REF][START_REF] Kollhoff | The first widespread solar energetic particle event observed by Solar Orbiter on 2020 November 29[END_REF][START_REF] Kouloumvakos | The first widespread solar energetic particle event of solar cycle 25 on 2020 November 29. Shock wave properties and the wide distribution of SEPs[END_REF][START_REF] Lario | Comparative analysis of the 2020 November 29 solar energetic particle event observed by Parker Solar Probe[END_REF][START_REF] Mason | Solar energetic particle heavy ion properties in the widespread event of 2020 November 29[END_REF][START_REF] Mitchell | Energetic electron observations by Parker Solar Probe/ISʘIS during the first widespread SEP event of solar cycle 25 on 2020 November 29[END_REF][START_REF] Möstl | Multipoint interplanetary coronal mass ejections observed with Solar Orbiter, BepiColombo, Parker Solar Probe, Wind, and STEREO-A[END_REF][START_REF] Nieves-Chinchilla | Direct first PSP observation of the interaction of two successive interplanetary coronal mass ejections in November[END_REF]. The configurations of planets and spacecraft within the orbit of Mars on the days of the two flares are shown in Figure 1. An interesting aspect is that STEREO-A was located ∼60° east of Earth, thus providing the opportunity to test modeling and forecasting capabilities based on observations from the Lagrange L1 (Earth) and L5 (STEREO-A) points. This article is organized as follows. In Section 2, we provide an overview of the spacecraft instrumentation and data sets employed in this study. In Section 3, we describe the simulation setup and the different sets of CME input parameters used to generate a "mini-ensemble" of model runs of the inner heliosphere. In Section 4, we present the simulation results and compare them with in situ solar wind and SEP observations from six locations. In Section 5, we discuss the implications of our results for space weather forecasting. In Section 6, we summarize our study and draw our conclusions.

Spacecraft Data

The observations used in this study include remote-sensing observations from two viewpoints (Earth and STEREO-A, representing views from L1 and L5, respectively) and in situ measurements from six locations (PSP, STEREO-A, Mars, Earth, Bepi, and SolO) as shown in Figure 1. The corresponding heliocentric distances throughout the analyzed period are approximately: 0.79 AU for PSP, 0.96 AU for STEREO-A, 1.47 AU for Mars, 0.99 AU for Earth, 0.83 AU for Bepi, and 0.86 AU for SolO. Remote-sensing observations include extreme ultra-violet (EUV) solar disc and white-light (WL) coronagraph data, while in situ measurements include, where available, magnetic field, plasma, and energetic particle data. In the following, we refer to SEPs of energy in the range ∼1-10 MeV as "lower-energy particles" and those of energy ≳10 MeV as "higher-energy particles." All particle data employed here refer to protons. et al., 2008) investigation. In situ plasma data come from the Plasma and Suprathermal Ion Composition [START_REF] Galvin | The plasma and suprathermal ion composition (PLASTIC) investigation on the STEREO observatories[END_REF] instrument. 4. Mars:In situ measurements from Mars orbit are provided by three spacecraft. Plasma data come from the Analyzer of Space Plasmas and Energetic Atoms [START_REF] Barabash | The analyzer of space plasmas and energetic atoms (ASPERA-3) for the Mars Express mission[END_REF] onboard Mars Express [START_REF] Chicarro | The Mars Express mission: An overview[END_REF]. Lower-energy particle data are supplied by the SEP [START_REF] Larson | The MAVEN solar energetic particle investigation[END_REF] investigation onboard the Mars Atmosphere and Volatile Evolution (MAVEN; [START_REF] Jakosky | The Mars atmosphere and volatile evolution (MAVEN) mission[END_REF] spacecraft. Higher-energy particles are not directly measured by the spacecraft orbiting Mars; nevertheless, we use proxy data from the High Energy Neutron Detector (HEND) part of the Gamma Ray Spectrometer [START_REF] Boynton | The Mars Odyssey gamma-ray spectrometer instrument suite[END_REF] suite onboard 2001 Mars Odyssey (MOdy; [START_REF] Saunders | 2001 Mars Odyssey mission summary[END_REF] as well as MAVEN/SEP. Magnetic field measurements of the upstream solar wind from MAVEN are not available during the period under study. 5. Earth:In situ measurements from near Earth are provided by three spacecraft located at Earth's Lagrange L1 point. Magnetic field and plasma data are supplied by the Magnetic Field Investigation [START_REF] Lepping | The wind magnetic field investigation[END_REF] and Solar Wind Experiment [START_REF] Ogilvie | SWE, A comprehensive plasma instrument for the wind spacecraft[END_REF] instruments onboard Wind [START_REF] Ogilvie | The wind spacecraft and its early scientific results[END_REF].

Lower-energy particles are detected by the Electron, Proton, and Alpha Monitor [START_REF] Gold | Electron, proton, and alpha monitor on the advanced composition explorer spacecraft[END_REF] onboard the Advanced Composition Explorer [START_REF] Stone | The advanced composition explorer[END_REF]. Higher-energy particles are measured by the Energetic and Relativistic Nuclei and Electron (ERNE; [START_REF] Torsti | Energetic particle experiment ERNE[END_REF] experiment onboard SOHO. 6. BepiColombo:The Bepi [START_REF] Benkhoff | BepiColombo-Comprehensive exploration of Mercury: Mission overview and science goals[END_REF][START_REF] Milillo | Investigating Mercury's environment with the two-spacecraft BepiColombo mission[END_REF] spacecraft is currently in cruise phase before its planned Mercury orbit insertion in 2025. Magnetic field measurements are provided by the Mercury Planetary Orbiter Magnetometer [START_REF] Heyner | The BepiColombo planetary magnetometer MPO-MAG: What can we learn from the Hermean magnetic field?[END_REF]. Data from the particle spectrometer are not available during the period under study; nevertheless, we use in our investigation proton counts over both lower and higher SEP energy ranges from the Bepi Environment Radiation Monitor (BERM; [START_REF] Pinto | The BepiColombo radiation monitor[END_REF]. The plasma instrument from Bepi is not operational during cruise phase. 7. Solar Orbiter:At the SolO [START_REF] Müller | The solar orbiter mission[END_REF]) spacecraft, we use magnetic field data from the Magnetometer (MAG; [START_REF] Horbury | The solar orbiter magnetometer[END_REF] and electron density measurements from the Radio and Plasma Waves (RPW; [START_REF] Maksimovic | The solar orbiter radio and plasma waves (RPW) instrument[END_REF] instrument (data from the instrument dedicated to solar wind plasma are not available during the events investigated here). We also include solar wind speed estimates based on MAG and RPW data using deHoffmann-Teller analysis, the details of which are described in [START_REF] Steinvall | Solar wind current sheets and deHoffmann-Teller analysis. First results from Solar Orbiter's DC electric field measurements[END_REF]. SEPs are measured with the Energetic Particle Detector [START_REF] Rodríguez-Pacheco | The energetic particle detector. Energetic particle instrument suite for the solar orbiter mission[END_REF], specifically with the Electron Proton Telescope for lower-energy particles and the HET for higher-energy ones.

Simulation Setup

To model the heliospheric conditions during the period under analysis, we use the Wang-Sheeley-Arge (WSA; [START_REF] Arge | Stream structure and coronal sources of the solar wind during the May 12th, 1997[END_REF]) coronal model coupled with the 3D MHD Enlil [START_REF] Odstrcil | Modeling 3-D solar wind structure[END_REF][START_REF] Odstrcil | Numerical simulation of the 12 May 1997 interplanetary CME event[END_REF] heliospheric model, henceforth WSA-Enlil. As input for WSA, we employ time-dependent National Solar Observatory Global Oscillation Network Group [START_REF] Harvey | The global oscillation network group (GONG) project[END_REF] zero-point-corrected magnetogram synoptic maps, used to generate solar wind and interplanetary magnetic field conditions up to the Enlil inner boundary, set at 21.5 R ⊙ or 0.1 AU. From there, Enlil uses WSA output as input to model the heliospheric conditions by solving the MHD equations using a flux-corrected-transport algorithm. Since we are interested in modeling CME propagation and SEP transport up to the orbit of Mars, we set the Enlil outer boundary to 3 AU. We then send the WSA-Enlil output data files to the SEPMOD [START_REF] Luhmann | A heliospheric simulation-based approach to SEP source and transport modeling[END_REF][START_REF] Luhmann | Cone model-based SEP event calculations for applications to multipoint observations[END_REF]) SEP prediction code. SEPMOD uses field line and shock description outputs from WSA-Enlil to forward model SEP flux time series, typically for protons at energies from 1 to 100 MeV, along sequential observer-connected field lines using shock-source injections followed by a constant-energy, guiding-center transport approximation. CMEs are inserted in the model at the Enlil inner boundary as hydrodynamic, high-pressure pulses that are able to drive shock waves if their speed is sufficiently greater than that of the ambient solar wind. Because of the inherent limits of the numerical simulation approach used in Enlil, this inner boundary is set at 21.5 R ⊙ . As a result, extrapolations of magnetograph and coronagraph data are needed to drive the model on that spherical "source surface." For this reason, there are no coronal or solar wind disturbances-and, thus, no modeled interplanetary shocksbelow 21.5 R ⊙ . Note that since CMEs are inserted into the Enlil heliospheric domain as hydrodynamic structures, they lack internal magnetic fields. Hence, it is not possible to model their magnetic configuration, for example, to predict the presence or absence of a flux rope structure in situ.

To model the heliospheric context and solar wind transients during the time interval between Flare1 and Flare2, we selected all the CMEs (excluding minor outflows and "jet-like" eruptions, according to the definition of [START_REF] Vourlidas | How many CMEs have flux ropes? Deciphering the signatures of shocks, flux ropes, and prominences in coronagraph observations of CMEs[END_REF][START_REF] Vourlidas | Multi-viewpoint coronal mass ejection catalog based on STEREO COR2 observations[END_REF] observed between 29 November and 7 December 2020 via inspection of SOHO/LASCO and STEREO/SECCHI data. In addition, Flare1 was preceded by a similarly directed eruption that originated late on 26 November 2020 (e.g., [START_REF] Lario | Comparative analysis of the 2020 November 29 solar energetic particle event observed by Parker Solar Probe[END_REF][START_REF] Nieves-Chinchilla | Direct first PSP observation of the interaction of two successive interplanetary coronal mass ejections in November[END_REF]. We also include this event in our investigation, since it likely led to preconditioning of the heliosphere, which may have affected the propagation speed of the CME associated with Flare1 and the transport of associated SEPs. In all, we selected five CMEs, shown in Figure 2 from the perspectives of both SOHO and STEREO-A. CME2 and CME5 are associated with Flare1 and Flare2, respectively.

To explore how variations to CME input parameters affect shock arrival times, as well as shock-observer connectivity and thus SEP access, we employ a "mini-ensemble" approach. The advantages of ensemble modeling techniques, where the outputs of a series of model runs with slightly different input conditions are compared, for space weather forecasting were briefly reviewed by [START_REF] Knipp | Advances in space weather ensemble forecasting[END_REF] and [START_REF] Murray | The importance of ensemble techniques for operational space weather forecasting[END_REF]. Multiple studies have performed ensemble modeling of CME propagation using WSA-Enlil (e.g., [START_REF] Cash | Ensemble modeling of the 23 July 2012 coronal mass ejection[END_REF][START_REF] Emmons | Ensemble forecasting of coronal mass ejections using the WSA-ENLIL with CONED Model[END_REF][START_REF] Lee | Ensemble modeling of successive halo CMEs: A case study[END_REF][START_REF] Lee | Ensemble modeling of CME propagation[END_REF][START_REF] Mays | Ensemble modeling of CMEs using the WSA-ENLIL+Cone model[END_REF][START_REF] Mays | Propagation of the 7 January 2014 CME and resulting geomagnetic non-event[END_REF][START_REF] Pizzo | Theoretical basis for operational ensemble forecasting of coronal mass ejections[END_REF] as well as other models (e.g., [START_REF] Amerstorfer | Evaluation of CME arrival prediction using ensemble modeling based on heliospheric imaging observations[END_REF][START_REF] Amerstorfer | Ensemble prediction of a halo coronal mass ejection using heliospheric imagers[END_REF][START_REF] Dumbović | The drag-based ensemble model (DBEM) for coronal mass ejection propagation[END_REF][START_REF] Kay | Identifying critical input parameters for improving drag-based CME arrival time predictions[END_REF]. In this work, we explore how outcomes such as CME arrival time, interplanetary magnetic field connectivity, and SEPs spatial spread and peak fluxes vary with respect to CME input parameters. Our WSA-Enlil-SEPMOD mini-ensemble consists of four members, with the CME input parameters for each shown in Table 1 and derived in the following way.

1. Run1:For this run, we use CME input parameters derived in real time and stored at the Space Weather Database Of Notifications, Knowledge, Information (DONKI; https://kauai.ccmc.gsfc.nasa.gov/DONKI/), maintained by the CCMC at the NASA Goddard Space Flight Center. The CMEs are analyzed using the Space Weather Prediction Center CME Analysis Tool (SWPC CAT; [START_REF] Millward | An operational software tool for the analysis of coronagraph images: Determining CME parameters for input into the WSA-Enlil heliospheric model[END_REF], in which a teardrop-shaped 3D structure is visually fitted to coronagraph data so that it best matches observations. Since DONKI runs are performed in real time, SOHO and STEREO-A data are used simultaneously only if available at the time of the analysis, otherwise single-spacecraft imagery is employed. We remark that STEREO-A data, if available, are in the so-called "beacon" [START_REF] Biesecker | STEREO space weather and the space weather beacon[END_REF] format, which is characterized by a lower processing level than science-level data. Links to the DONKI CME analysis results for each of the eruptions under study are provided in the Data Availability Statement section. 2. Run2:For this run, we derive CME input parameters by employing the cone model [START_REF] Fisher | Coronal transient geometry. I -The flare-associated event of 1981 March 25[END_REF][START_REF] Zhao | Determination of geometrical and kinematical properties of halo coronal mass ejections using the cone model[END_REF], consisting of a 3D conical base culminating in a spherical front, applied to simultaneous science-level data from SOHO and STEREO-A. To do so, we use the Graduated Cylindrical Shell (GCS; [START_REF] Thernisien | Modeling of flux rope coronal mass ejections[END_REF][START_REF] Thernisien | Forward modeling of coronal mass ejections using STEREO/SECCHI data[END_REF] reconstruction technique, which consists of a parameterized shell intended to reproduce the 3D morphology of flux ropes (whose envelopes are closed coronal loops) that can be visually fitted to coronagraph images. Its free parameters are latitude (θ), longitude (ϕ), and height (H) of the CME apex, tilt (γ) of the CME axis, half-angular distance (α) between the CME legs, and aspect ratio (κ). The cone model geometry is achieved by setting α to zero, and the value of γ becomes irrelevant given the circular cross section of the structure. 3. Run3:For this run, we use the same methodology as in Run2, but allow the full range of GCS parameters to be freely adjusted until they best match simultaneous SOHO and STEREO-A coronagraph observations. The resulting CME morphology is reminiscent of a croissant, with both legs connected to the Sun and a toroidal axis. Furthermore, this is the only run in the mini-ensemble that allows for an elliptical cross section of the resulting CME to be inserted in Enlil, often a more realistic representation (e.g., [START_REF] Cremades | On the three-dimensional configuration of coronal mass ejections[END_REF]Krall and St. Cyr, 2006). 4. Run4:The CME parameters for this run are obtained by fine-tuning the inputs of Run2 with the aim to match, to the best of our abilities, the observed CME-driven shock arrivals and arrival times at the six available in situ locations described in Section 2. In other words, the CME input parameters are adjusted to minimize the rate of incorrect hit/miss predictions and the Δt between observed and simulated arrival times derived from the other runs-in particular, Run2. This "a posteriori" run sets the benchmark in terms of what the present version of the coupled WSA-Enlil-SEPMOD models can achieve for the period under study. For example, shock-observer connectivities below 21 R ⊙ will be naturally missed because CMEs are not described beneath the Enlil inner boundary. Hence, this run will aid in discriminating between features that depend exclusively on the input parameters in the other three runs and those that cannot be reproduced with the current model setup even with optimal tuning. Note. Each block shows, from left to right: CME number, time (t 0 ) of insertion of the CME at the Enlil inner boundary of 21 R ⊙ or 0.1 AU, latitude (θ) and longitude (ϕ) of the CME apex in Stonyhurst coordinates, tilt (γ) of the CME axis with respect to the solar equator (defined positive for counterclockwise rotations), semi-major (ψ 1 ) and semi-minor (ψ 2 ) axes of the CME cross section (note that ψ 1 ≠ ψ 2 only in Run3), and CME radial speed at 21 R ⊙ (V).

CME # t 0 (UT) θ(°) ϕ(°) γ(°) ψ 1 (°) ψ 2 (°) V(km⋅s -1 ) ( 

Table 1 Coronal Mass Ejection (CME) Input Parameters for the WSA-Enlil-SEPMOD Simulation Runs

For Run2 and Run3, the CME dimensions (with circular cross section for Run2 and elliptical cross section for Run3) are derived by "slicing" the image fitting-derived 3D structures at their widest point (see [START_REF] Thernisien | Implementation of the graduated cylindrical shell model for the three-dimensional reconstruction of coronal mass ejections[END_REF], for additional notes and formulas on the model geometry), and the time of injection at the Enlil inner boundary is derived by propagating the CMEs to 21.5 R ⊙ from their final observation in the combined C3 + COR2 field of view under the assumption of constant speed (calculated between reconstructions performed at the times shown in Figure 2 minus 60 min for CME1, CME3, and CME4, minus 30 min for the faster CME2 and CME5). In this respect, Run1 can be considered an actual forecast, Run2 and Run3 are hindcasts, and Run4 corresponds to postevent analysis. Links to all WSA-Enlil-SEPMOD runs can be found in the Data Availability Statement section.

Simulation Results

Simulation results for each of the six in situ locations, including model-data comparisons, are shown in Appendix A (Figures A1-A6). Additionally, successive snapshots of the ecliptic plane for each of the four mini-ensemble runs are reported in Appendix B (Figures B1-B4). According to in situ measurements, CME1 impacted PSP, CME2 impacted PSP and STEREO-A, CME3 impacted STEREO-A, CME4 did not impact any observer, and CME5 impacted Earth and possibly Mars (more discussion of this aspect can be found in Section 4.1). Note that by "impact," we refer exclusively to the arrival of CME-driven shocks. None of the CMEs considered in this work impacted Bepi or SolO. SEPs from CME2/Flare1 were observed at all in situ locations except for Bepi, while SEPs from CME5/Flare2 were detected at PSP, STEREO-A, Mars, and Earth, with possible effects at Bepi and SolO (more discussion of this aspect can be found in Section 4.3). Thus, particles from the first (second) SEP event spread over at least 240° (100°) in longitude. In the remainder of this section, we review and analyze the WSA-Enlil-SEPMOD simulation results in terms of three main aspects: CME-driven shock arrivals (Section 4.1), shock-observer connectivities (Section 4.2), and duration and peak fluxes of SEP events (Section 4.3).

CME-Driven Shock Arrival Time and Speed

As described in Section 3, the five CMEs modeled in this study are inserted in the Enlil heliospheric domain as hydrodynamic structures that are able to drive shocks in the heliosphere. Hence, the first step of our analysis is centered on evaluating whether a CME-driven shock is correctly predicted to impact each observing location by comparing the results of the different WSA-Enlil runs with the corresponding in situ observations (shown in Appendix A). As briefly mentioned above, we identify six total shock arrivals, which could be attributed to CME1 (at PSP), CME2 (at PSP and STEREO-A), CME3 (at STEREO-A), and CME5 (at Earth and Mars). While the first five impacts present clear signatures of CME-driven shocks in in situ measurements, the impact of a shock driven by CME5 at Mars is more ambiguous (see Figure A3), in particular because of the lack of upstream magnetic field data and the low cadence of plasma data.

Table 2 shows contingency tables for each of the four mini-ensemble WSA-Enlil runs, where "hit" (H) means that a CME is correctly predicted to impact a target, "correct rejection" (R) indicates that a CME missed an observer in the model as well as in actual observations, and "false alarm" (F) denotes that a CME forecast to impact a certain location was not detected in situ. A fourth "miss" category is usually included in contingency tables, in this case signifying that a CME is incorrectly predicted to avoid a target. However, we have no instances of "miss" in our mini-ensemble. Overall, the contingency tables for the four runs are similar, as might be expected, but there are a few differences. In particular, the only instances of inaccurate forecasts in Table 2 correspond to "false alarms" associated with CME1, CME2, and CME3. Note that "false alarms" at Mars for CME2 and CME3 are reported for all runs, including Run4 that was tuned to reflect in situ measurements in terms of impacts and arrival times (see Section 3). However, we remark that any clear deviation from the associated "ambient" run (without CMEs, also shown in Figures A1-A6) is considered an impact here. Several are rather weak and could be difficult to recognize in the corresponding in situ measurements. As for the other runs, Run1 was characterized by five "false alarms," while Run2 and Run3 each reported four "false alarms," indicating that these mini-ensemble members performed largely comparably in this regard.

An overview of the differences between the observed and predicted CME-driven shock arrival times and speeds for the six "hit" instances for the four runs in the mini-ensemble is shown in Figure 3. Regarding the arrival times, apart from Run4, in which errors were minimized by design, there is no run that consistently performed best at all locations. Nevertheless, there are differences in the cumulative error over the six impacts: 40.5 hr for Run1, 31.4 hr for Run2, 59.6 hr for Run3, and 3.2 hr for Run4. Thus, Run3 performed worst overall, which may seem surprising since the ellipsoidal morphology included in this run was intended to correspond to a more realistic CME representation (see Section 3). The poorer performance of Run1 compared with Run2 may arise because two remote-sensing viewpoints were not always available when the CME input parameters for Run1 were issued in real time (see Section 3) and lower-quality STEREO-A beacon images were used. Nevertheless, the difference between Run1 and Run2 in Δt averages to only ∼1.5 hr per event (∼9 hr over six CME impacts), suggesting that remote-sensing data available in real time may be sufficient for the purpose of CME arrival time forecasting with Enlil-at least with the observing spacecraft configuration explored in this work, that is, L1 + L5.

It is also important to critically consider these results in relation to the background solar wind modeled by WSA-Enlil through which the CMEs are propagating, which is reflected in both the modeled arrival times and speeds. One clear example of this is CME5 at Earth (Figure 3e), where Run1 achieved a more accurate arrival time than Run2 and Run3; nevertheless, the Enlil ambient solar wind preceding the event was >100 km⋅s -1 slower than observed, indicating that the "true" CME speed was likely closer to that set for the worse performing runs. A slower background wind also affects CME drag and deceleration, resulting in this case in all the simulated arrival speeds being significantly (ΔV > 100 km⋅s -1 ) lower than observed. This aspect may also explain why the general trend shown in Figure 3 is that all runs tend to estimate a later CME arrival time: Most impacts are preceded by slower ambient speeds modeled by Enlil (see Appendix A), suggesting that this is due to an intrinsic underestimation of the background solar wind speed for this particular time period rather than, for example, systematic human error when evaluating CME input parameters. In fact, 13 (72%) of the 18 arrival times for the first three runs (i.e., excluding Run4) are characterized by Δt ≥ 3 hr, only 2 (11%) feature Δt ≤ -3 hr, and 3 (17%) result in arrival times within 3 hr of the observed ones. At the same time, 14 (58%) of the 24 total shock arrival speeds are lower than observed by at least 50 km⋅s -1 , and this is true even for Run4 in half of the cases (CME2/STEREO-A, CME5/Earth, and CME5/Mars). In contrast, only 2 (8%) modeled speeds are faster than observed by at least 50 km⋅s -1 , while the remaining 8 (34%) impacts are within 50 km⋅s -1 of the observed arrival speeds.

Shock-Observer Connectivity

Another interesting aspect to analyze is the connectivity of the CME shocks to the six in situ locations with respect to each WSA-Enlil simulation run. This is particularly important for SEPMOD, since this model requires connection to a shock for accelerated particles to be detected at a particular location. In Enlil, shocks are defined as ≥20 km⋅s -1 increases in solar wind speed with respect to the corresponding ambient simulation (without CMEs), and the shock speed is derived separately as a time-derivative of the shock position. Connectivity also directly affects the SEP intensity-time profiles modeled by SEPMOD. Figure 4 shows the intervals of shock-observer connectivity for each CME in terms of the shock radial distance along the field line connected to the observer. In Enlil simulations, a shock may become magnetically connected to an observer at any point within the simulation domain, which in our runs corresponds to heliocentric distances between 0.1 and 3 AU. This means that a shock may first connect to an observer "from behind," when the shock is already beyond the radial distance of the observer (indicated by the dashed lines in Figure 4). Several examples of connection from behind are evident in the figure.
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Note. H = hit; R = correct rejection; F = false alarm. An additional category usually employed in contingency tables is M = miss, with no occurrences in this particular case. The colored letters highlight incorrect predictions (in this case, all false alarms).

Table 2 Contingency Tables for Each WSA-Enlil Simulation Run

According to the modeling results shown in Figure 4, the shock driven by CME2 (corresponding to Flare1) connects with every observer at some point throughout the temporal domain for each simulation run. However, connectivity is established when the shock is still sunward of the spacecraft only at PSP and STEREO-A, while Mars and Earth connect with the shock when it is at or beyond their respective heliocentric distances in all cases except for Run1. Bepi and SolO become magnetically linked to the CME2 shock only when it is well beyond 2 AU, approximately 10 days after the eruption of Flare1. These results are consistent with the locations of the various observers with respect to Flare1 shown in Figure 1a. The second SEP-rich event, that is, CME5 (associated with Flare2), becomes magnetically connected to all observers except PSP. Connectivity is achieved "from the front" at STEREO-A, Mars, and Earth, and "from behind" at Bepi and SolO. Again, these results are generally as expected considering the spacecraft configuration relative to the location of Flare2 shown in Figure 1b, with STEREO-A, Earth, and Mars favorably positioned for early connection to the shock, while Bepi and SolO behind the west limb connect to the shock once it has propagated well beyond 1 AU. The absence of connectivity at PSP can be accounted for because the modeled CME when sunward of the spacecraft is not sufficiently extended in longitude to reach the field line connecting to PSP (see the figures in Appendix B), and PSP is not suitably located to be connected to the shock from behind. The connectivities for CME1, CME3, and CME4 are more dependent on the specific simulation run. CME1 becomes connected to PSP and STEREO-A in all runs, but connectivity with Earth and Mars is achieved only in Run1 and Run3. CME3 connects to all observers in Run1, Run2, and Run3, but misses SolO in Run4. Finally, CME4 becomes briefly (for ∼1 hr) connected to PSP only in Run3.

Overall, the connectivity curves shown in Figure 4 are largely similar for each observer across the four simulation runs, apart from the few differences discussed above. The major differences between the runs at any given observer are in the times when connectivity to a shock is first achieved, with spreads ranging from a few hours to ∼2.5 days. This indicates that the connectivity to a shock modeled by Enlil is more sensitive to the CME input parameters than the shock arrival time, which only shows a range of less than 24 hr across the four runs (see Section 4.1). As an example, for CME1 at PSP, the spread in arrival times for the CME-driven shock is ∼8 hr, whereas the spread in magnetic connection onset times is about ∼27 hr. This spread in the first connection times significantly affects the SEP intensity-time profiles modeled by SEPMOD for each run, as explored in greater detail in the next section. Moreover, we highlight the expected sources of error related to the employed modeling methods. First of all, connectivity cannot be modeled below 0.1 AU-the height of Enlil's inner boundary at which the modeled CMEs are inserted. Hence, early CME acceleration and shock formation cannot be realistically described. In addition, the lack of CME internal magnetic fields is expected to yield intrinsic uncertainties in the resulting interplanetary magnetic field preconditioning and, thus, in the modeled connectivities. This may hold true especially in the case of CME2, which was launched shortly after and on a similar trajectory to CME1.

SEP Event Duration and Flux

The figures in Appendix A show the SEP proton intensity-time profiles generated by SEPMOD at three sample energies together with observations from each spacecraft again in three proton energy ranges, which vary between instruments. In order for particles to be detected by a spacecraft, SEPMOD requires that the observer encounters a magnetic field line that at some time was connected with the shock and therefore populated with energetic particles injected by the shock. The intensity and energy spectrum of these particles depend on the shock compression ratio and velocity jump, respectively, at the point where the field line intersects the shock. The figures in Appendix A show that the major SEP enhancements observed at the various locations were associated with CME2/ Flare1 and CME5/Flare2. All observers except Bepi detected the first SEP event, while the second SEP event was detected at least at PSP, STEREO-A, Mars, and Earth. Bepi and SolO recorded low-energy SEP enhancements following the eruption of Flare2 (see panel (f) of Figures A5 andA6), but it is unclear whether these were associated with this event or with the passage of a stream interaction region (SIR; e.g., [START_REF] Richardson | Solar wind stream interaction regions throughout the heliosphere[END_REF]) that appears to corotate from Bepi to SolO. Although plasma observations are incomplete, the Enlil results at Bepi show an SIR on 8 December, associated with an observed magnetic field enhancement and a sector crossing that is also evident at SolO on 10 December. An additional complication is that Bepi and SolO detected a minor SEP event with onset around 00:00 UT on 11 December 2020. This was likely related with a CME eruption late on 10 December from behind the west (east) limb as seen from Earth (STEREO-A) that was well positioned for Bepi and SolO but was outside our CME analysis interval. There is also a weak SEP event associated with CME1 observed at PSP (see Figure A1).

Table 3 shows contingency tables for each of the SEPMOD runs in relation to the SEP events driven by CME2 and CME5, in a similar fashion to Table 2. For CME1 (not shown in Table 3), all runs predict a lower-energy particle (∼5 MeV) enhancement that far exceeds the observed intensities that rise just above the instrument noise level, while protons with energies ∼25 MeV are predicted only in Run1 and Run3. SEPs from CME2 are predicted to reach all observers, including Bepi, which in reality missed the event. However, the predicted arrival at Bepi and SolO is approximately 10 days after the eruption and occurs because of the connection to the shock well beyond the spacecraft (Figures 4e and4f). In practical terms, these predictions can be considered as "misses" (or "correct rejections"). Due to the temporal proximity of CME1, CME2, and CME3, potentially the particle fluxes at some locations might have contributions from all three CMEs. Inspection of the SEPMOD predicted fluxes for each CME separately suggests that these contributions were likely to be negligible compared to that from the larger and more energetic CME2. An exception is Run3 at Earth and Mars, where CME3 makes a significant contribution to the resulting predicted SEP profile, though it is not clear from the observed fluxes that there was an actual contribution from CME3. The observed SEPs from CME5 were not predicted at PSP, or at STEREO-A for Run3 only, and were predicted to reach SolO and Bepi ∼5-8 days later, after the small particle enhancement (possibly associated with an SIR) discussed above (note that, because of the dubious association of the weak SEP event at Bepi and SolO, the corresponding values in Table 3 are indicated with a question mark).

All remaining SEPMOD SEP predictions for both CME2 and CME5 can be classified as "hits," while predictions for CME4 are "correct rejections" at all locations. Overall, all runs performed largely comparably, with a slightly worse performance achieved by Run3. We emphasize that the contingency tables in Table 3 are based entirely on the model-data comparisons shown in Figures A1-A6, hence they are dependent on factors such as the instrumental background noise. For example, in the case of the SEP event driven by CME2, Run1, Run2, and Run3 predict enhancements that are barely above the noise level ("h"), while Run4 predicts an enhancement that is just below the background ("M"). In reality, the observed SEP event itself was not significantly above background levels, and all runs predicted fluxes within a factor 5 of the measurements.

The temporal extents of the SEP enhancements associated with CME2/ Flare1 and CME5/Flare2 modeled by SEPMOD are compared with those observed in situ at ∼25 MeV (panel (g) in Figures A1-A6) in Figure 5. In line with the results shown in Table 3, the occurrence of an SEP event is successfully predicted at most locations. However, the predicted onset times of these events are later than observed in all cases, with delays ranging from a few hours up to several days. The different event onset times for the four simulation runs reflect the differences in shock-observer connectivity as discussed in Section 4.2. In at least half of the cases, the observed particle onset times occur before the CME injection time into Enlil (represented by a vertical line in each panel), indicating that magnetic connectivity was likely established when the shock was still below 21.5 R ⊙ . In such cases, it is impossible to predict the correct SEP onset time with the heliospheric modeling setup used in this work. SEPMOD best predicts the temporal durations of the SEP enhancements at PSP and STEREO-A for CME2, and at Mars and Earth (and to some extent at STEREO-A) for CME5. These locations were closest in terms of longitude to the respective CME source regions.

Note that here we consider the results for CME5/STEREO-A to be more successful than those for CME2/Earth and CME2/Mars. This is because, in the former case, approximately the first half of the event is captured, that is, close to its peak, while capturing the second half of an event corresponds to its declining phase, when particle fluxes are generally lower. The least successful predictions are for Bepi and SolO, for which the sources of both CMEs were at or behind the solar limb from their viewpoints, and for PSP in the case of CME5/Flare2. Thus, these results indicate that the SEP prediction performance declines with longitudinal distance from the eruption site. In Figure 5b, the small particle enhancements observed at Bepi and SolO have been associated with CME5 even if their origin is not fully clear and they may be related to an SIR as discussed above. In any case, the SEPMOD results at these two locations suggest that the particle events would commence significantly later than observed (almost a "miss") or that they were simply a "false alarm." Finally, there are no significant differences across the four mini-ensemble members, even including Run4 that was designed to match the observed CME arrival times (see Section 3). This suggests that an improved CME-shock arrival forecast will not automatically result in a better SEP forecast. The performance is only slightly worse for Run3, which missed the SEP event driven by CME5 at STEREO-A and predicted a larger contribution from CME3 in the SEP event driven by CME2. Note. H = hit; R = correct rejection; M = miss, F = false alarm. An "h" is used for H instances for which the modeled SEP fluxes peaked barely above the corresponding instrument's background. The three values for each CME ("lo," "mi," and "hi") refer to the SEP low, mid, and high energies shown, respectively, in panels (f-h) of Figures A1-A6. The colored letters highlight incorrect predictions (in this case, misses and false alarms). The "?" symbols indicate the dubious association of the weak SEP event observed at BepiColombo and Solar Orbiter.

Table 3 Contingency Tables for Each WSA-Enlil-SEPMOD Simulation Run

The maximum SEP fluxes predicted by SEPMOD in each run at every observing location are compared with the maximum fluxes observed in situ in Figure 6. The energy ranges, from left to right, correspond to those shown in panels (f), (g), and (h) of Figures A1-A6. Since the energy ranges differ for each instrument, the fluxes should not be compared directly across the six observers. It is clear that, apart from a few cases, SEPMOD generally tends to underestimate the maximum fluxes. It is possible that the lack of a realistic shock description below 21.5 R ⊙ , where CMEs tend to travel faster and accelerate higher-energy particles (before they are slowed down via solar wind drag), together with delayed shock-observer connectivities, result in an underestimation of particle acceleration and, thus, of peak fluxes. Of the 84 (21 × 4) instances of available data-model comparisons shown in Figure 6, 41 (49%) cases underestimate and 10 (12%) overestimate the peak fluxes by a factor ≥5, while 33 (39%) lie within a factor 5 of the measurements (in either direction). If we consider a factor 3, these values become 49 (58%), 15 (18%), and 20 (24%), respectively. We note, however, that in the case of CME2 at PSP, fluxes at low energies seem to be greatly overestimated, but this is not likely to be the case since PSP data are accompanied A6) measurements everywhere apart from BepiColombo and Solar Orbiter for CME5/Flare2, where the event was possibly observed only at lower energies (panel (f) in Figures A5 andA6). The blue vertical lines mark the injection times of the corresponding coronal mass ejections into the Enlil heliospheric domain, which can be considered uniform across the four miniensemble runs in the scale shown (see Table 1).

by a large data gap centered on the CME2 shock arrival, where the ∼4-MeV particle intensity tends to peak. If we consider only the best-connected observers-that is, PSP (excluding the low energies) and STEREO-A for CME2, as well as STEREO-A, Earth, and Mars for CME5-the percentages of underestimated-overestimatedacceptable fluxes become 33%-13%-54% for a factor 5 and 44%-23%-33% for a factor 3. This suggests that SEP peak fluxes tend to be better modeled for well-connected observers. Again, there is no mini-ensemble member that performed consistently better than the others, the only significant outlier being Run3 that predicted exceptionally low SEP fluxes at STEREO-A for CME5 compared to the other runs (which translated into a "miss" in Table 3). In particular, we note that Run4 often does not provide the best results, again showing that improving CME arrival predictions may not lead to improved SEP predictions.

Discussion

The results presented in Section 4 suggest a number of discussion points relevant to both CME and SEP predictions. The four mini-ensemble runs employed in this study provide an opportunity to analyze and review simulation outcomes based on using real-time forecasts, science-level hindcasts (assuming circular or elliptical cross section CMEs), and post-event analysis. The input parameters used for each run were discussed in Section 3.

First of all, all the mini-ensemble members correctly reported all the CME-driven shock impacts that were detected in situ (i.e., no CME arrival was missed). All the runs, however, were characterized by a few false alarms, albeit with different degrees of importance-most were only weak flank encounters. The worst-performing simulation run in terms of shock arrival time was Run3, using hindcasts performed with elliptical cross section CMEs. This is rather unexpected, since a noncircular CME cross section is intended to provide a more realistic CME morphology. We note, however, that Amerstorfer et al. ( 2021) reached similar conclusions when deriving input parameters (colors). The three energy levels ("low," "mid," and "high") correspond to those reported in panels (f-h) of Figures A1-A6, respectively. The "data" markers are accompanied by a horizontal bar for clarity.

for STEREO heliospheric imager-based CME propagation and forecasting models. They reported that simply assuming the CME half-width to lie within a certain range led to more accurate predictions than using GCS-derived values. The authors speculated that this may be due to CME deflections and/or rotations taking place beyond the coronagraphs' field of view. We also conjecture that the greater number of free parameters available when performing GCS reconstructions with a croissant morphology may lead to additional uncertainties and thus less precise estimates of the CME inputs for Run3. It is possible that more "elongated," noncircular, CME cross sections provide more realistic, and better performing, morphologies for CMEs that include magnetic flux ropes, but if CME internal magnetic fields are not considered, as in this study, then simply assuming a circular cross section seems to yield better results. We also note that Run2 (using hindcasts with a circular CME cross section) performed slightly better than Run1 (using parameters from real-time forecasts). The poorer performance of Run1 may be due to the lack of data from one coronagraph (either SOHO or STEREO-A) at the time when the prediction was issued (which is not always reported, hence we cannot draw solid conclusions) and/or to the fact that real-time STEREO-A imagery is only available as beacon data. [START_REF] Bauer | Predicting CMEs using ELEvoHI with STEREO-HI beacon data[END_REF] showed that beacon data tend to perform worse (albeit not dramatically worse, as is the case in this study) than science data for space weather forecasting based on the heliospheric imaging cameras onboard STEREO. This work employs coronagraph rather than heliospheric imagery, but it is reasonable to assume that similar issues withstand.

Though not considered in the mini-ensemble used in this work, where just the CME parameters are varied, CME arrival time predictions are also inevitably affected by the solar wind background that is modeled by Enlil using a model-generated coronal magnetic field input-in this case, from the WSA model. Since WSA uses maps of the photospheric magnetic field as input, differences in the input maps from specific ground-or space-based observatories and their calibration are expected to affect the modeled background solar wind. Therefore, an ensemble approach to modeling the background solar wind using different magnetic field maps combined with ensemble CME modeling may lead to more robust CME arrival forecasts. The influence of different input magnetic field maps in the context of global MHD simulations of the heliosphere has been explored by [START_REF] Jin | Assessing the influence of input magnetic maps on global modeling of the solar wind and CME-driven shock in the 2013 April 11 event[END_REF], while more information on the impact of inner heliospheric boundary conditions generated with different models can be found in [START_REF] Gonzi | Impact of inner heliospheric boundary conditions on solar wind predictions at Earth[END_REF]. Additionally, it is important to consider the uncertainties regarding the predicted shock arrival time that are intrinsic to the choice of CME propagation model-in this case, Enlil. These have been explored in several studies, either within a single model (e.g., [START_REF] Čalogović | Probabilistic Drag-Based Ensemble Model (DBEM) evaluation for heliospheric propagation of CMEs[END_REF][START_REF] Dumbović | Drag-based model (DBM) tools for forecast of coronal mass ejection arrival time and speed[END_REF][START_REF] Wold | Verification of real-time WSA-ENLIL+Cone simulations of CME arrival-time at the CCMC from 2010 to 2016[END_REF] or by comparing results from different models (e.g., [START_REF] Paouris | Propagating conditions and the time of ICME arrival: A comparison of the effective acceleration model with ENLIL and DBEM models[END_REF][START_REF] Riley | Forecasting the arrival time of coronal mass ejections: Analysis of the CCMC CME scoreboard[END_REF], see also CCMC's CME Scoreboard: https://kauai.ccmc.gsfc.nasa.gov/CMEscoreboard/). At the time of the events studied, STEREO-A was approximately at the L5 point. The fact that all the errors in the CME arrival time results described here were similar to the "typical errors" in arrival time obtained in previous studies (see Introduction), and no "misses" occurred, suggests that remote-sensing monitoring from the Lagrange L1 and L5 points can provide adequate constraints on the propagation direction of CMEs.

Considering shock-observer connectivities, we found that the differences in CME parameters among the four runs had a greater effect on the time at which a location becomes first connected to the associated shock (differences across the mini-ensemble members exceeded 2 days) than on the shock arrival time (differences of less than 1 day). The connectivity of the various shocks to each observer was largely similar across the four simulation runs. The variation in the connectivity onset and duration suggests that an ensemble approach may be able to provide a more robust range of possible outcomes. However, two significant limitations of the connectivity modeling in this study are that CMEs are introduced into Enlil at its heliospheric inner boundary (21.5 R ⊙ or 0.1 AU), resulting in delayed shock-observer connectivity onsets and the absence of a realistic CME acceleration profile, and that CMEs lack an internal magnetic field, resulting in a less realistic description of interplanetary magnetic field preconditioning. We also note that, in several cases, magnetic connection to the shock was established "from behind," when the shock front was beyond the observer's heliocentric distance. These instances take place in the model when an observer is well-separated in longitude from the shock nose, and tend to result in even longer delays before connection to the shock occurs. Nevertheless, as noted by [START_REF] Luhmann | Shock connectivity and the late cycle 24 solar energetic particle events in July and September 2017[END_REF], in SEPMOD, shock connections far from the Sun provide considerably reduced SEP contributions compared to those near the Sun, since CME-driven shocks tend to weaken with heliocentric distance. [START_REF] Bain | Shock connectivity in the August 2010 and July 2012 solar energetic particle events inferred from observations and ENLIL modeling[END_REF] performed a multi-point study of the Enlil shock-observer connectivity for two periods characterized by several successive eruptions in a similar fashion to the ones analyzed here, and compared results with SEP measurements at Earth, STEREO-A, and STEREO-B. They found that about two-thirds of the shock connections identified in the simu-lations occurred within a few hours of an observed SEP event, but also that a number of initial connections were missed due to the modeled shocks being initiated at 21.5 R ⊙ . Our results support these conclusions.

Regarding SEP predictions, SEPMOD requires the existence of a shock-observer magnetic field connection and the predicted SEP properties depend on the shock parameters at the connection point. Here, we consider the three main areas that were identified by [START_REF] Bain | A summary of National Oceanic and Atmospheric Administration Space Weather Prediction Center proton event forecast performance and skill[END_REF] to be of high importance (see also Section 1), that is, SEP onset time, event duration, and peak fluxes. We found that the durations and peak fluxes of SEP events are generally well reproduced, but these predictions tend to become less accurate with increasing longitudinal distance from the CME eruption site. A likely reason in this respect is that SEPMOD assumes scatter-free propagation along well-defined field lines that are connected to a shock, while additional particle transport effects (e.g., [START_REF] Qin | Interplanetary transport mechanisms of solar energetic particles[END_REF] are neglected in the model. These include, for example, diffusive (e.g., [START_REF] Zank | Diffusive shock acceleration and reconnection acceleration processes[END_REF] and perpendicular (e.g., M. [START_REF] Zhang | Perpendicular transport of solar energetic particles in heliospheric magnetic fields[END_REF] transport, which are expected to play a more significant role in widespread SEP events [START_REF] Dresing | Statistical survey of widely spread out solar electron events observed with STEREO and ACE with special attention to anisotropies[END_REF], found that possible reasons for SEPs spreading broadly in longitude are crossfield transport in the interplanetary medium and/or particularly extended particle injection regions close to the Sun). In fact, these additional transport mechanisms may explain the two major "miss" instances in the modeled SEP events, that is, those associated with CME2 at SolO and CME5 at PSP, which are characterized by observers that are so far from the eruption site that connectivity to the shock is either never achieved, or achieved only much later from behind. Hence, it is natural to assume that SEPMOD results and predictions are more accurate for well-connected observers, where scatter-free transport plays a major role.

Interestingly, SEPMOD results from Run4 were not significantly better than those from the other runs, even though the CME shock arrival times were matched with observations by design. This may be due to the fact that, to reduce the amount of "false alarms" for shock arrivals from the previous runs (see Section 4.1), the sizes of some CMEs were somewhat diminished, thus delaying the time at which a well-separated observer becomes first connected to a shock. The least successful predictions of the model runs are for the SEP event onset times, which were delayed a few hours even in the best-connected cases. The SEP events at Bepi and SolO were predicted to commence several days later than the corresponding CME/flare eruption time, due to connectivities reached from behind, and particles at PSP from CME5 were entirely missed. However, as discussed in relation to shock connectivity, this is entirely to be expected because shocks are not modeled below 21.5 R ⊙ , whereas it is well-known that shocks associated with fast CMEs can often form in the low corona, and some can even be observed in coronagraph imagery (e.g., [START_REF] Vourlidas | How many CMEs have flux ropes? Deciphering the signatures of shocks, flux ropes, and prominences in coronagraph observations of CMEs[END_REF]. Furthermore, SEP events can clearly commence when shocks are much lower in the corona, as is evident from the results in this work and many other studies (e.g., [START_REF] Agueda | Release timescales of solar energetic particles in the low corona[END_REF][START_REF] Gopalswamy | The first ground level enhancement event of solar cycle 24: Direct observation of shock formation and particle release heights[END_REF]. Additionally, it is possible that a SEP event has contributions from both a flare source that remains rooted in the corona and a CME-driven shock within the same eruptive event (e.g., [START_REF] Cane | A study of solar energetic particle events of 1997-2006: Their composition and associations[END_REF]. Thus, as noted earlier, the modeling setup used here may not be the best option to predict SEP onset times. In addition, obtaining the CME parameters usually requires the CME to be detected and tracked in coronagraph images, at which point a SEP event may have already commenced, even if the images were available in real time. It is also possible to initiate a WSA-Enlil simulation based on real-time EUV imagery only, but the CME input parameters will likely be significantly less accurate. The existing gap between 1 and 21.5 R ⊙ could possibly be filled with MHD models that are able to simulate CME propagation and particle acceleration in the corona (e.g., [START_REF] Li | Modeling the 2012 May 17 solar energetic particle event using the AWSoM and iPATH models[END_REF][START_REF] Young | Energetic proton propagation and acceleration simulated for the Bastille Day event of 2000 July 14[END_REF]). An alternative approach may be to take advantage of the "fixed-flare-source" option in SEPMOD, demonstrated by [START_REF] Luhmann | Issues in heliospheric field mapping to flare SEP sources[END_REF]. This assumes the presence of a source at the Enlil inner boundary that is able to inject particles through the heliospheric domain. This injection can be synchronized with the onset of a flare and scaled according to its X-ray classification. Such potential improvements will be explored further in the context of real-time space weather forecasts in future work.

Summary and Conclusions

In this work, we have modeled the inner heliospheric context including CMEs and SEPs for a time period including two notable eruptive events in late November and early December 2020. We have employed the WSA-Enlil-SEPMOD modeling chain to simulate the background solar wind and its transients using four different sets of CME input parameters that provide a mini-ensemble framework for predictions of CME arrival and SEP events. CME input parameters were derived from coronagraph observations near Earth and at the STEREO-A spacecraft (located ∼60° east of the Sun-Earth line), representing observers from the Lagrange L1 and L5 points.

We have found that, despite limitations mostly related to the model's architecture and assumptions, reasonable predictions were obtained for both shock arrivals and SEP event fluxes and durations, at least out to several tens of degrees (∼70°) away from the corresponding eruption site. We noted that CME shock arrival time predictions using real-time parameters (and STEREO beacon data) are only slightly worse than those obtained in hindcasts with science-level data. The modeling setup used is not able to correctly predict SEP event onsets, which may take place before the corresponding CME is estimated to reach the 21.5 R ⊙ inner boundary of Enlil. We noted that SEP predictions do not tend to be significantly better for the model run in which the predicted shock arrival times are matched to the observed ones, suggesting that a "perfect" CME shock arrival forecast may not be necessary for obtaining reasonable SEP predictions. In fact, the observed variation in the modeled event durations and peak fluxes suggests that an ensemble approach (currently in use in several CME forecasting settings by both NOAA and the UK MET Office; see [START_REF] Murray | The importance of ensemble techniques for operational space weather forecasting[END_REF]) may be beneficial for SEP predictions as well. We conclude that our current real-time forecasting tools can satisfactorily predict CME arrival times as well as SEP peak fluxes and event durations (except the few hours following the event onset) for well-connected observers. The strength of the modeling setup employed here is that WSA-Enlil is already operational for real-time forecasts, while SEPMOD is run as a computationally efficient post-processing procedure on the Enlil simulation output. In fact, SEP predictions from SEPMOD driven in real time are currently displayed on the SEP Scoreboard at NASA's CCMC (https://ccmc.gsfc.nasa.gov/challenges/sep.php). Our results indicate that coupling SEPMOD with the existing WSA-Enlil framework in operational settings can provide useful information on the duration and peak fluxes of a gradual SEP event.

We have also shown that a combination of remote-sensing observers placed at the Lagrange L1 and L5 points (i.e., separated by ∼60°) can constrain a CME's propagation direction even over a broad range of heliolongitudes. However, such a configuration is already no longer available, since the STEREO-A spacecraft is currently approaching Earth at a rate of ∼20° per year until reaching radial alignment in August 2023. By then, the advantages of remote-sensing observations of the Sun from two well-separated viewpoints will be lost at least for a while (we note that SolO is equipped with a coronagraph and a heliospheric imager, but its rapidly changing heliocentric distance and longitudinal separation with Earth may not be optimal for forecasting purposes). Dedicated missions to the Lagrange L4 and/or L5 points (e.g., [START_REF] Bemporad | Possible advantages of a twin spacecraft Heliospheric mission at the Sun-Earth Lagrangian points L4 and L5[END_REF][START_REF] Posner | A multi-purpose heliophysics L4 mission[END_REF][START_REF] Vourlidas | Mission to the Sun-Earth L 5 Lagrangian point: An optimal platform for space weather research[END_REF] may prove beneficial in this regard. This includes the European Space Agency's (ESA) Vigil [START_REF] Pulkkinen | ESA Lagrange space weather monitoring mission to L5 point[END_REF] mission, which is currently in development to place a spacecraft equipped with remote-sensing and in situ instruments at L5. As to in situ measurements, it is clear that the availability of multi-point observers at different radial distances and heliolongitudes is crucial for analyzing and validating modeling results across the entire inner heliosphere. Given the presence of currently operational spacecraft at six independent locations (i.e., the ones explored in this work), it is important to consider the future opportunities for heliophysics and space weather science via multi-point studies and coordinated observations (e.g., [START_REF] Hadid | BepiColombo's cruise phase: Unique opportunity for synergistic observations[END_REF][START_REF] Möstl | Multipoint interplanetary coronal mass ejections observed with Solar Orbiter, BepiColombo, Parker Solar Probe, Wind, and STEREO-A[END_REF][START_REF] Velli | Understanding the origins of the heliosphere: Integrating observations and measurements from Parker Solar Probe, Solar Orbiter, and other space-and ground-based observatories[END_REF]. In conclusion, the potential for significant progress in heliophysics and space weather science will be realized as future studies increasingly utilize the multi-spacecraft capabilities of the Heliophysics System Observatory.

Appendix A: WSA-Enlil-SEPMOD Runs

Results of each of the mini-ensemble WSA-Enlil-SEPMOD simulation runs are shown against the corresponding in situ data in Figures A1-A6. Magnetic field and plasma measurements are reported for each observer (where available) and compared directly with Enlil data-including the so-called "ambient" run, which indicates the corresponding run of the solar wind background without CMEs. In each figure, the dashed teal lines mark the peak times of Flare1 and Flare2 (associated with CME2 and CME5, respectively), while the solid gray lines mark the arrival in situ of a CME-driven shock (with the driving CME indicated for each case). We remark that speed and density data at Mars (Figure A3) as well as speed data at SolO (Figure A6) are derived rather than directly measured, and are thus expected to be characterized by nonnegligible uncertainties. Particle measurements are shown at three illustrative energies (roughly in the ranges [1][2][3][4][5][6][20][21][22][23][24][25] and compared with SEPMOD data that have been interpolated to the center of each energy channel (indicated to the top left of the corresponding panel). Note that, in each panel, the lower end of the Y-axis has been cut immediately above the corresponding instrument's noise level (i.e., the instrumental background). At PSP (Figure A1), STEREO-A (Figure A2), Earth (Figure A4), and SolO (Figure A6), SEPMOD data are directly compared to the measured differential proton fluxes. At Bepi (Figure A5), SEPMOD fluxes are shown against proton countrates at well-defined energy channels, and the two data sets are arbitrarily normalized with respect to each other. We also remark that Bepi/BERM is placed behind the radiator pointing toward the -Y direction, meaning that the instrument is pointing in the anti-sunward direction. This aspect, together with the packed configuration of Bepi during its cruise phase, could imply that the spacecraft itself may screen some particles. Finally, we note that at the moment, only uncalibrated "raw" BERM data are available, and a proper calibration is in planning. At Mars (Figure A3 
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 1 Remote-sensing observations:EUV images of the solar disc are provided by the Atmospheric Imaging Assembly (Lemen et al., 2012) onboard the Solar Dynamics Observatory (SDO; Pesnell et al., 2012) orbit-ing Earth and the Extreme UltraViolet Imager part of the Sun Earth Connection Coronal and Heliospheric Investigation (SECCHI; Howard et al., 2008) suite onboard the STEREO-A (Kaiser et al., 2008) spacecraft. WL coronagraph imagery is supplied by the C2 and C3 telescopes of the Large Angle and Spectrometric Coronagraph (LASCO; Brueckner et al., 1995) onboard the Solar and Heliospheric Observatory (SOHO; Domingo et al., 1995) at Earth's Lagrange L1 point and the COR2 camera of SECCHI onboard STEREO-A. 2. Parker Solar Probe:At the PSP (Fox et al., 2016) spacecraft, we use magnetic field measurements from the fluxgate magnetometer part of the FIELDS (Bale et al., 2016) investigation and plasma data from the Solar Probe Cup (Case et al., 2020) part of the Solar Wind Electrons Alphas and Protons (Kasper et al., 2016) investigation. SEP measurements come from the Energetic Particle Instrument-High (Wiedenbeck et al., 2017) part of the Integrated Science Investigation of the Sun (McComas et al., 2016): lower-energy particles are detected by the Low Energy Telescope A, whereas higher-energy particles are detected by the High Energy Telescope A. 3. STEREO-A:At the STEREO-A spacecraft, we use magnetic field measurements from the Magnetic Field Experiment (Acuña et al., 2008), lower-energy particle data from the Low Energy Telescope (Mewaldt et al., 2008), and higher-energy particle data from the High Energy Telescope (HET; von Rosenvinge et al., 2008), all part of the In situ Measurements of Particles And CME Transients (IMPACT; Luhmann
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 1 Figure 1. Position of planets and spacecraft in the inner heliosphere on (a) 29 November 2020 and (b) 7 December 2020. The orbits of all planets are also indicated. The locations of (a) Flare1 and (b) Flare2 are marked with star symbols on the surface of the Sun. Bepi = BepiColombo; PSP = Parker Solar Probe; SolO = Solar Orbiter; ST-A = STEREO-A.
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 2 Figure 2. The five coronal mass ejections (CMEs) modeled in this study as seen in coronagraph imagery from (top row) SOHO/LASCO/C3 at L1 and (bottom row) STEREO/SECCHI/COR2-A close to L5. Flare1 and Flare2 are associated with CME2 and CME5, respectively.

Figure 3 .

 3 Figure 3. Difference between simulated and in situ arrival times (Δt) versus arrival speeds (V arr ) shown for each location where a coronal mass ejection-driven shock was detected and for each of the WSA-Enlil model runs.

Figure 4 .

 4 Figure 4. Shock-observer connectivity shown in terms of the shock radial distance along the observer-connected field line. Connectivity is shown for the five coronal mass ejections in this study with respect to each of the four mini-ensemble simulation runs, at (a) Parker Solar Probe, (b) STEREO-A, (c) Mars, (d) Earth, (e) BepiColombo, and (f) Solar Orbiter. The dashed line in each panel indicates the time-dependent heliocentric distance of the corresponding observer.

Figure 5 .

 5 Figure 5. Temporal extent of the solar energetic particle enhancements associated with (a) CME2/Flare1 and (b) CME5/Flare2, at the six in situ locations, showing data (black) versus the mini-ensemble runs (colors). These are based on "mid-energy particles" (panel (g) in FiguresA1-A6) measurements everywhere apart from BepiColombo and Solar Orbiter for CME5/Flare2, where the event was possibly observed only at lower energies (panel (f) in FiguresA5 and A6). The blue vertical lines mark the injection times of the corresponding coronal mass ejections into the Enlil heliospheric domain, which can be considered uniform across the four miniensemble runs in the scale shown (see Table1).

Figure 6 .

 6 Figure 6. Maximum solar energetic particle flux associated with (a) CME2 or Flare1 and (b) CME5 or Flare2, showing data (black) versus the mini-ensemble runs (colors). The three energy levels ("low," "mid," and "high") correspond to those reported in panels (f-h) of FiguresA1-A6, respectively. The "data" markers are accompanied by a horizontal bar for clarity.

  ), the data in the lowest energy channel are shown in flux units, while the remaining two sets of measurements are shown in countrates. The first comes from particles in the Foil-Thick-Open detector of MAVEN/SEP, which corresponds to approximately 12-78 MeV protons (more information can be found in[START_REF] Larson | The MAVEN solar energetic particle investigation[END_REF][START_REF] Lee | Observations and impacts of the 10 September 2017 solar events at Mars: An overview and synthesis of the initial results[END_REF], and is shown against SEPMOD results at 45 MeV (center of the 12-78 MeV range). The second comes from MOdy/HEND counts that are sensitive to particles of energy as low as 0.2 MeV[START_REF] Sánchez-Cano | Energetic particle showers over Mars from comet C/2013 A1 Siding Spring[END_REF] up to galactic cosmic rays, and is shown arbitrarily against SEPMOD results at 60 MeV.
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 A1 Figure A1. WSA-Enlil-SEPMOD results at Parker Solar Probe (PSP) shown against PSP data. The parameters shown are: (a) magnetic field magnitude, (b) θ and (c) ϕ angles of the magnetic field, (d) solar wind speed, (e) proton density, and (f-h) particle measurements in three different energy channels.

Figure A2 .

 A2 Figure A2. WSA-Enlil-SEPMOD results at Solar Terrestrial Relations Observatory-Ahead (STEREO-A) shown against STEREO-A data. The parameters shown are: (a) magnetic field magnitude, (b) θ and (c) ϕ angles of the magnetic field, (d) solar wind speed, (e) proton density, and (f-h) particle measurements in three different energy channels.

Figure A3 .

 A3 Figure A3. WSA-Enlil-SEPMOD results at Mars shown against data from Mars orbit. The parameters shown are: (a) magnetic field magnitude, (b) θ and (c) ϕ angles of the magnetic field, (d) solar wind speed, (e) proton density, and (f-h) particle measurements in three different energy channels.
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 A4 Figure A4. WSA-Enlil-SEPMOD results at Earth shown against data taken at Earth's Lagrange L1 point. The parameters shown are: (a) magnetic field magnitude, (b) θ and (c) ϕ angles of the magnetic field, (d) solar wind speed, (e) proton density, and (f-h) particle measurements in three different energy channels.

Figure A5 .

 A5 Figure A5. WSA-Enlil-SEPMOD results at BepiColombo (Bepi) shown against Bepi data. The parameters shown are: (a) magnetic field magnitude, (b) θ and (c) ϕ angles of the magnetic field, (d) solar wind speed, (e) proton density, and (f-h) particle measurements in three different energy channels.

Figure A6 .

 A6 Figure A6. WSA-Enlil-SEPMOD results at Solar Orbiter (SolO) shown against SolO data. The parameters shown are: (a) magnetic field magnitude, (b) θ and (c) ϕ angles of the magnetic field, (d) solar wind speed, (e) proton density, and (f-h) particle measurements in three different energy channels.

Figure B1 .

 B1 Figure B1. Snapshots from the WSA-Enlil simulation for Run1 on the ecliptic plane. The parameter shown is the radial solar wind speed (V r ). From https://ccmc.gsfc. nasa.gov/database_SH/Erika_Palmerio_082921_SH_1.php.

Figure B2 .

 B2 Figure B2. Snapshots from the WSA-Enlil simulation for Run2 on the ecliptic plane. The parameter shown is the radial solar wind speed (V r ). From https://ccmc.gsfc. nasa.gov/database_SH/Erika_Palmerio_082921_SH_2.php.

Figure B3 .

 B3 Figure B3. Snapshots from the WSA-Enlil simulation for Run3 on the ecliptic plane. The parameter shown is the radial solar wind speed (V r ). From https://ccmc.gsfc. nasa.gov/database_SH/Erika_Palmerio_082921_SH_3.php.

Figure B4 .

 B4 Figure B4. Snapshots from the WSA-Enlil simulation for Run4 on the ecliptic plane. The parameter shown is the radial solar wind speed (V r ). From https://ccmc.gsfc. nasa.gov/database_SH/Erika_Palmerio_082921_SH_4.php.
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Data Availability Statement

Simulation results have been provided by the Community Coordinated Modeling Center at Goddard Space Flight Center through their public Runs on Request system (http://ccmc.gsfc.nasa.gov). DONKI runs used in this study: CME1: https://kauai.ccmc.gsfc.nasa.gov/DONKI/view/CMEAnalysis/16146/2. CME2: https://kauai.ccmc. gsfc.nasa.gov/DONKI/view/CMEAnalysis/16172/1. CME3: https://kauai.ccmc.gsfc.nasa.gov/DONKI/view/ CMEAnalysis/16186/3. CME4: https://kauai.ccmc.gsfc.nasa.gov/DONKI/view/CMEAnalysis/16204/2. CME5: https://kauai.ccmc.gsfc.nasa.gov/DONKI/view/CMEAnalysis/16219/2.

Wang-Sheeley-Arge-Enlil-SEPMOD runs performed in this study: Run1: -Enlil: https://ccmc.gsfc.nasa.gov/results/viewrun.php?domain=SH&run-number=Erika_Palmerio_082921_SH_1. -SEPMOD (GOES-like): https://ccmc.gsfc.nasa.gov/results/ viewrun.php?domain=SH&runnumber=Erika_Palmerio_090121_SH_1. -SEPMOD (IMP8-like): https:// ccmc.gsfc.nasa.gov/results/viewrun.php?domain=SH&runnumber=Erika_Palmerio_090121_SH_2.

Run2: -Enlil: https://ccmc.gsfc.nasa.gov/results/viewrun.php?domain=SH&runnumber=Erika_Palmerio_082921_ SH_2. -SEPMOD (GOES-like): https://ccmc.gsfc.nasa.gov/results/viewrun.php?domain=SH&runnum-ber=Erika_Palmerio_090121_SH_3. -SEPMOD (IMP8-like): https://ccmc.gsfc.nasa.gov/results/viewrun. php?domain=SH&runnumber=Erika_Palmerio_090121_SH_4. Run3: -Enlil: https://ccmc.gsfc.nasa.gov/ results/viewrun.php?domain=SH&runnumber=Erika_Palmerio_082921_SH_3. -SEPMOD (GOES-like): https://ccmc.gsfc.nasa.gov/results/viewrun.php?domain=SH&runnumber=Erika_Palmerio_090121_SH_5.

-SEPMOD (IMP8-like): https://ccmc.gsfc.nasa.gov/results/viewrun.php?domain=SH&runnumber=Erika_ Palmerio_090121_SH_6. Run4: -Enlil: https://ccmc.gsfc.nasa.gov/results/viewrun.php?domain=SH&run-number=Erika_Palmerio_082921_SH_4. -SEPMOD (GOES-like): https://ccmc.gsfc.nasa.gov/results/viewrun. php?domain=SH&runnumber=Erika_Palmerio_090121_SH_7. -SEPMOD (IMP8-like): https://ccmc.gsfc. nasa.gov/results/viewrun.php?domain=SH&runnumber=Erika_Palmerio_090121_SH_8. Remote-sensing data from Solar Dynamics Observatory (SDO), Solar and Heliospheric Observatory (SOHO), and Solar Terrestrial Relations Observatory (STEREO) are openly available at the Virtual Solar Observatory (https://sdac.virtualsolar. org/). These data were processed and analyzed through SunPy (SunPy [START_REF] Community | The SunPy Project: Open source development and status of the version 1.0 core package[END_REF], IDL SolarSoft [START_REF] Freeland | Data analysis with the SolarSoft system[END_REF], and the European Space Agency (ESA) JHelioviewer software [START_REF] Müller | JHelioviewer-time-dependent 3D visualisation of solar and heliospheric data[END_REF]. Parker Solar Probe (PSP), STEREO, Wind, and Advanced Composition Explorer (ACE) in situ data are publicly available at NASA's Coordinated Data Analysis Web database (https://cdaweb.sci.gsfc.nasa.gov/index.html/). Mars Atmosphere and Volatile Evolution (MAVEN) data can be accessed at the Planetary Plasma Interactions Node of NASA's Planetary Data System (PDS; https://pds-ppi.igpp.ucla.edu). Mars Express (MEX) data are stored at ESA's Planetary Science Archive (PSA; https://archives.esac.esa.int/psa). Mars Odyssey (MOdy) data are available at the Geosciences Node of the PDS (https://pds-geosciences.wustl.edu/). SOHO particle data can be downloaded from the SOHO/Energetic and Relativistic Nuclei and Electron (ERNE) webpage (https://srl. utu.fi/projects/erne/). The BepiColombo data used in this study are stored at https://doi.org/10.25392/leicester. data.16941040, and the full mission data set will be released in the future at ESA's PSA. Solar Orbiter (SolO) data are openly available at ESA's SolO Archive (http://soar.esac.esa.int/soar/).

Appendix B: Snapshots from WSA-Enlil

Snapshots from the WSA-Enlil simulation runs are shown in Figures B1-B4. Each figure shows the modeled radial solar wind speed on the ecliptic plane at four different times. The five CMEs analyzed in this study are labeled in each panel.