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The CORonagraph and Heliospheric Imager data eXplorer (CORHI-X) is an
open-source tool designed for the Heliophysics community to foster multi-
spacecraft studies. CORHI-X enables users to easily visualize multi-spacecraft
constellations, their overlapping fields of view (FoV), and the occurrence
of coronal mass ejections (CMEs) over defined time intervals beginning in
2019. CORHI-X is accessible via a Python Streamlit interface, where users
can select coronagraphs (e.g., STEREO-A/COR1-COR2, SOHO/C2-C3, SOLAR
ORBITER/Metis) and heliospheric imagers (e.g., STEREO-A/HI-A, PARKER SOLAR
PROBE/WISPR, SOLAR ORBITER/SoloHI). The tool not only provides spacecraft
positions and FoVs of selected instruments, but also ensures that FoVs are
plotted only when the corresponding spacecraft data are available. Indeed, the
online archives of each instrument are checked monthly to retrieve observation
dates, ensuring that CORHI-X automatically incorporates the latest data. For an
effective search for eruptive events potentially appearing within the instrument’s
FoVs, CORHI-X is linked to two different CME catalogs (DONKI and HI-Geo,
respectively). The user can visualize specific CMEs and propagate them over
distance to identify which events may have entered the FoV of one or more
instruments. Users can also manually enter their own CME input parameters
(propagation direction, speed, time, width, and longitude) via the interface. For
propagation, a simple drag-based model is incorporated in the visualization of
the spacecraft constellation.

KEYWORDS

Sun, Coronal Mass Ejections (CMEs), Heliosphere, drag-based model, multi-viewpoint
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1 Introduction

The 25th Solar Cycle began in December 2019, and reached its maximum in October
2024 as announced by the National Aeronautics and Space Administration (NASA), the
National Oceanic and Atmospheric Agency (NOAA), and the Solar Cycle Prediction Panel.
Compared to Solar Cycle 24, it reveals an increased number of sunspot groups and solar
flares, making it an intriguing and active cycle for studying Coronal Mass Ejections (CMEs)
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(Yazev et al., 2023; Upton and Hathaway, 2023). CME observations
and studies by more than one spacecraft covering different
distances from the Sun, are essential to better understand the
physical mechanisms of CME evolution and their interaction
with the solar wind (e.g., Temmer et al., 2011; Good et al.,
2018; Pal et al., 2020; Hess et al., 2023; Liberatore et al., 2024;
Palmerio et al., 2024; Davies et al., 2024). Still operating key
missions include the Solar and Heliospheric Observatory (SOHO;
Domingo et al., 1995), the Solar TErrestrial RElations Observatory
(STA and STB; Kaiser et al., 2008), and the Solar Dynamic
Observatory (SDO; Pesnell et al., 2012).

In recent years, we have seen the launch of new observatories,
such as the Parker Solar Probe launched in August 2018 (PSP;
Fox et al., 2016), and the Solar Orbiter launched in February
2020 (SolO; Müller et al., 2020; García Marirrodriga et al., 2021).
These newmissions introduce not only advanced technologies, with
higher-resolution data and shorter cadences, but also innovative
spacecraft orbits that allow for closer exploration of the Sun,
venturing into regions previously unexplored. However, because of
the large distances away from Earth, the spacecraft telemetry is low,
which especially affects the availability of remote sensing image data.
The limitations in data availability are an issue that restricts the
selection of events covering interesting spacecraft constellations.

The PSP reached its closest perihelion at 8.86 solar radii from
the Sun’s surface in December 2024. During the first 5 years
of its nominal mission, the PSP achieved remarkable scientific
results, significantly enhancing our understanding of the Sun’s
corona and solar wind (Raouafi et al., 2023). Similarly, SolO has
already produced stunning scientific results with respect to CME-
flare studies (see, e.g., Bemporad et al., 2022; Mierla et al., 2022;
Hess et al., 2023), with much more expected to follow. Indeed,
after the Ulysses spacecraft (Caseley and Marsden, 1990), SolO
will be the second satellite to provide out-of-ecliptic observations
of the Sun. Ulysses was deflected from the ecliptic plane to
the heliographic south pole after its encounter with Jupiter in
February 1992, and later to the heliographic north pole in 1995.
These out-of-ecliptic observations revealed the presence of an
interstellar cloud of dust and gas, the modulation of coronal rays,
the composition of cosmic ray particles, and less variation in
magnetic field intensity and solar wind velocity than expected
(McKibben et al., 1995).

SolO will leave the ecliptic plane by up to 30° (starting
in 2025 and continuing until 2029), providing unprecedented
views of these crucial but previously inaccessible regions with
its remote sensing and in-situ instruments. Out-of-ecliptic images
from CMEs will be a challenge for observers and modelers.
Additionally, CMEs observed at various distances to the Sun
and/or passing over PSP, SolO, or other spaceraft carrying in-situ
instruments (e.g., Bepi Colombo; Benkhoff et al., 2021) provide
unique constellations for gaining better insight into local CME
structures and how these relate to the global view as theCME evolves
(see, e.g., Cappello et al., 2024).

Due to the proximity to the Sun of these new-generation
spacecraft, the white-light heliospheric imagers aboard PSP
and SolO, namely WISPR (Vourlidas et al., 2016) and SoloHI
(Howard et al., 2020), are able to capture the inner heliosphere
of the Sun. In particular, during recent encounters, WISPR has
predominantly captured images of the corona rather than the

heliosphere. This contrasts with the heliospheric imagers (HI1 and
HI2) on board the STA (HI-A; Eyles et al., 2009), which, positioned
at 1 AU, feature a wider field of view (FoV) capable of observing
regionsmuch farther from the Sun.Depending on the location of the
spacecraft, the FoV of WISPR or/and SoloHI may overlap with that
of HI-A, but also with that of the coronagraphs aboard SOHO, STA
and SolO, specifically C2-C3 (Brueckner et al., 1995), COR1-COR2
(Howard et al., 2008) and Metis (Antonucci et al., 2020). Table 1
gives a summary of instruments available over the time range
spanning from January 2019 until present together with their FoV
extension, in degree and solar radii, at a certain heliocentric distance.

The ability of these instruments to capture heliospheric
structures is further influenced by the position of observed plasma
relative to the Thomson surface (Vourlidas and Howard, 2006;
Lugaz et al., 2010), a spherical surface with a diameter equal to
the distance between the Sun and the observer. This geometric
relationship affects the way scattered light is detected, making
structures appear brighter when they are closer to the Thomson
sphere, where scattering is maximized. This assumption also
significantly impacts parameters derived from image data, such as
CME kinematics, as demonstrated in Patel et al. (2023).

Due to the highly elliptic orbits of PSP and SolO, it is essential to
mention that the FoV of the various instruments changes drastically
at perihelion compared to the stable FoV of HI-A. For example
PSP may reach speeds at perihelion of about 180–190 km/s and,
hence, moving roughly by 10° in longitude over a single day. On the
contrary, STA takes about half a year to achieve the same degree of
movement. As the orbital positions of SolO and PSP change rather
fast, the FoVs cover either large distances from the Sun with lower
cadence or smaller ones with higher cadence.

Related to that is the difference in data availability between the
new-generation HIs and HI-A. While HI-A provides continuous
observations, occasionally with some gaps, the new-generation HIs
do not have a uniform distribution of data products due to the
already mentioned limitation in telemetry. In fact, WISPR and
SoloHI collect data only during perihelion or specific observation
windows, which are determined by the respective working teams
of each instrument. Clearly, for an efficient way to exploit these
new kinds of data and detecting overlaps, a visualization is
valuable for illustrating the changing FoVs and limitations in data
availability. In this context, knowing where heliospheric imagers
and coronagraphs are focusing their observations is particularly
important. This knowledge enhances the interpretation of solar
events and facilitates the effective selection of relevant data. Access
to up-to-date information in online databases for each instrument is
essential to validate observations and conduct detailed analyzes on
various platforms.

Several tools are already available to facilitate these operations.
For instance, JHelioviewer1 (Müller et al., 2017) which offers
visualization of imaging data over specific time intervals.
STORMS (Solar Terrestrial ObseRvations and Modeling Service;
Rouillard et al., 2020) provides tools to study Heliophysics and
space weather by modeling and observational data download. The
Integrated Space Weather Analysis (ISWA) tool2 also enables a

1 https://helioviewer.org/

2 https://iswa.ccmc.gsfc.nasa.gov/IswaSystemWebApp/
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TABLE 1 Summary of instruments, instrument types, FoV in degree and solar radii (Rs), and distance ranges of the spacecraft from the Sun. PSP
undergoes significant changes in its field of view (FoV) due to its rapid motion around the Sun and holds the record for the closest approach to the Sun
by any spacecraft. For this reason, we report the FoV in degrees as well as in solar radii (Rs) at different heliocentric distances, illustrating how drastically
the FoV varies depending on the spacecraft’s position relative to the Sun.

S/C Type Instrument FoV (°) FoV (Rs) d (AU)

PSP HI WISPR I-O 13.5°–108.0° 9.5–83.0 0.25

4.0–41.0 0.1

2.2–20.0 0.044

STA COR
COR1 0.40°–1.08° 1.45–3.9 0.96

COR2 0.83°–4.16° 3.0–15.0 0.96

HI HI 1-2 3.65°–88.36° 15.0–337.0 0.96

SOHO COR
C2 0.41°–1.63° 1.5–6.0 0.98

C3 1.01°–8.16° 3.5–30.0 0.98

SolO
COR Metis 1.6°–2.9°(axes)/3.4° (diagonals) 1.7–3.1/3.6 0.28

HI SoloHI 5.0°–45.0° 5.1–47.0 0.28

straightforward visualization of remote sensing and in-situ data
for space weather applications. The STEREO Science Center
(SSC) tool “Where is STEREO”3 and SolarMach (Gieseler et al.,
2023) allow users to explore spacecraft configurations. The latter
additionally analyzes the solar magnetic connectivity between
Sun and spacecraft, which is useful for studying solar energetic
particle events. Another interesting tool available to the community
is the Propagation Tool (Rouillard et al., 2017), which is a Java
interface for studying the evolution of coronal and solar wind
structures, including CMEs, CIRs, and SEPs. It enables the
propagation of these structures both outward from the Sun and
inward from planets or spacecraft across the inner and outer
Heliosphere. Additionally, the tool allows to obtain the J-maps
from HI-A observations that can be used to infer the kinematics
of transient events.

To further support the Heliophysics community in using
remote sensing image data from multiple spacecraft fostering
especially stereoscopy studies, we developed the CORonagraph
and Heliospheric Imager data eXplorer (CORHI-X). This open
source Python tool distinguishes itself by enabling users to explore
spacecraft constellations, visualize instrument FoVs, and check the
availability of data for coronagraphs and HIs. Moreover, it provides
visualization of propagating CME fronts from user-defined input
or from up-to-date CME catalogs. That feature facilitates selecting
CMEs that might have been detected in remote sensing data and
displays the positions of observatories that may have detected events
in-situ.

Concluding, the output from CORHI-X maximizes
information for multi-viewpoint studies on eruptive events.
Unlike existing tools, CORHI-X not only shows the position
of the spacecraft, but also which area of the Heliosphere the

3 https://stereo-ssc.nascom.nasa.gov/cgi-bin/make_where_gif

instrument covers, and identifies opportunities of overlapping
FoVs between different coronagraphs and heliospheric imagers.
Additionally, CORHI-X indicates when the corresponding data
is available in online archives. This means that users can easily
determine which events are observable and access the relevant
data for download.

2 CORHI-X functionalities

2.1 Data availability from different
observatories

CORHI-X provides an overview of the spacecraft constellation
for a specific interval of time starting from January 2019. It plots
the position of the spacecraft using the ephemerids returned by
JPL HORIZONS using the sunpy routine coordinates.get_
horizons_coord. The big advantage of using CORHI-X is
that the FoVs are only visualized when data is available in
the online archives for each spacecraft. A separate Python
script runs automatically every month, querying the online
archives of each instrument to check for newly available data.
It retrieves the latest observation dates and stores them in
separate.txt files, one for each instrument.When launched, CORHI-
X downloads from a shared Drive the updated files containing
the date information.

For streamlining the data availability process when
querying the latest data, only archives of the STA/COR2
level 0 data (red https://stereo-ssc.nascom.nasa.gov/data/ins_
data/secchi/L0/a/img/cor2/), SOHO/C2 level 0.5 data
(https://lasco-www.nrl.navy.mil/lz/level_05/), Metis total
brightness level 2 data (https://soar.esac.esa.int/soar/), STA/HI1-
A level 2 data (https://stereo-ssc.nascom.nasa.gov/data/ins_
data/secchi/L0/a/img/hi_1/), SolO/SoloHI level 2 tile 1 data (https://
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SolOhi.nrl.navy.mil/so_data/L2/) and the PSP/WISPR inner level
3 data (https://wispr.nrl.navy.mil/data/rel/fits/L3/) are accessed.
In that respect, COR2 serves as a representative example of data
availability from the coronagraphs aboard STA, while SoloHI tile 1
illustrates the data coverage for the heliospheric imager on SolO, as
an example.

Since each instrument operates at a different cadence,
observation dates have been adjusted to the nearest full or half
hour, depending on whether they fall within 15 min before or after
the specified time. This standardization is necessary to account
for cadence variations among instruments. Indeed, the cadence
of remote sensing instruments aboard PSP and SolO depends on
both the spacecraft’s distance from the Sun and the observation
modes. For example, during encounter 15 (E15), the cadence of
WISPR-I ranged from 1-hour intervals at the beginning of the
encounter to 7-minute intervals at the perihelion. In general,WISPR
cadence decreases with greater distance from the Sun. SoloHI tiles
1 and 2 had a cadence of approximately 24 min during perihelion
8 (P8), while tiles 3 and 4 had a cadence of around 48 min. METIS
cadence is strongly influenced by the observation plan,with intervals
ranging from minutes to hours. Meanwhile, the cadence of other
coronagraphs and heliospheric imagers remains relatively stable,
with COR2 operating at approximately 15 min intervals, C2 at
12 min, and HI-A at around 40 min. However, each instrument may
have specific observation plans with varying cadences depending
on the science objectives.

Additionally, rounding to the nearest half hour optimizes
code performance and responsiveness. Extensive testing has shown
that a maximum interval of 30 min provides the most reasonable
computation time for CORHI-X. Reducing the interval further
would significantly slow the program down.

Figure 1 shows the number of available observations from
coronagraphs and heliospheric imagers every half hour compared
to monthly averaged sunspots number. In comparison to the
sunspot number we see that PSP and SolO data cover well the
rising to maximum activity phase of solar cycle 25. Data from
WISPR and SoloHI are, at the time of writing, only available
until April 2024. Therefore, the statistics performed cover the
time range from 2019 to April 2024. It is important to note
that while C2-C3, COR1-COR2, and HI-A provide relatively
continuous observation times, WISPR operates only during specific
perihelion windows. SoloHI andMetis, on the other hand, generally
observe both during and outside perihelion windows during the
nominal phase of the mission but may experience interruptions
in data availability. In fact, data gaps in the different spacecraft is
mostly related due to specific observation plans or, in some cases,
instrument failures.

2.2 Instruments FoVs and their overlaps

In CORHI-X, each FoV overlap is defined as a polygon,
whose sides are measured in AU. To quantify the overlap, we
calculate the area of that polygon in AU2 using the Python package
shapely. We note that this is an estimated value since the width
of the FoV (in the ecliptic plane) will change slightly due to
the rotation of each instrument and its position above/below the
ecliptic plane.

Figure 2 presents a statistical analysis of FoV overlaps, starting
from 2019, when different heliospheric imagers (HIs) have
overlapping coverage. Only overlaps equal to or greater than 0.05
AU2 are considered in this analysis, as this threshold generally
provides sufficient common FoV from at least two perspectives
to reliably observe a given transient event. Starting from the end of
2021, the number of overlaps betweenWISPRandHI-A,WISPRand
SoloHI, HI-A and SoloHI and all HIs increases, together with the
number of CMEs reported in theCDAWcatalog (Gopalswamy et al.,
2024), which is indicated by the blue line. This highlights how,
during the ascending phase of solar cycle 25, different instruments
collected an increasing amount of data while observing the same
region of the heliosphere. As a result, more multi-viewpoint case
studies became available for analysis by the scientific community.

Specifically, Figure 3 shows two different spacecraft constellation
outputs from CORHI-X: (a) 25 March 2022, 14:00 UT
(e.g., Liberatore et al., 2024), and (b) 24 September 2023,
19:30 UT (e.g., Liberatore et al., 2025), where the overlap areas
are 0.05 AU2 and 0.14 AU2, respectively. We see from panel (a) that
an overlap of 0.05 AU2 is sufficient to fully observe the complex
CME in SoloHI and partially in STA-HI. At 14:00 UT, the CME is
already at the edge of tiles 1 and 2 of SoloHI, while it is just entering
the FoV of HI-A due to its directionality relative to the instrument’s
FoV. In addition, we see from panel (b) that having a FoV overlap
of 0.14 AU2 between SoloHI and WISPR observations, it allows to
investigate the different flanks of the same transient event by each
instrument. We conclude that in general, overlapping areas equal or
bigger to 0.05 AU2 are sufficient for observing a significant portion
of a transient event, its substructures, or related blobs usingmultiple
instruments. However, we emphasize that it is not a fixed threshold,
as specifics depend in the event’s propagation direction as well as
the spacecraft configuration.

2.3 Visualization of CMEs in CORHI-X using
catalogs and user defined input

CORHI-X not only allows us to plot FoV overlaps for
data available in the online archives but also to visualize how
many transient events may have entered those FoVs. The CME
information is taken from already existing catalogs or is defined
by the user. Catalogs covered are the Space Weather Database
Of Notifications, Knowledge, Information (DONKI),4 and the
Heliospheric Imager Geometric Fitting Catalog (HIGeoCat)
from the EU project HELCATS (Heliospheric cataloguing,
analysis and techniques service). Sections 2.3.1, 2.3.2 provide
more details on the CME input, through catalogs or self-
defined parameters. Figure 4 shows an example of three different
options that the user can select through different checkboxes,
respectively “Plot HI-GEO/SSEF catalog,” “Plot DONKI/ELEvo
catalog” and “Plot user CMEs.” For each instrument the FoV is
plotted. Different shaded colors represent the overlapping regions
between the various HIs, extending up to 1 AU, but only when
data are available. Specifically, the overlapping FoVs between
pairs of instruments (WISPR and HI-A, WISPR and SoloHI,

4 https://kauai.ccmc.gsfc.nasa.gov/DONKI.
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FIGURE 1
Data availability from different observatories at the time of manuscript writing, covering the period from January 2019 to the end of 2024, compared to
the monthly mean sunspots number (black line). All observation times are rounded to the half-hour. Left panel: Number of observations performed by
coronagraphs SOHO/C2-C3 (in brown), STA/COR1-COR2 (in grey), SolO/Metis (in pink). Right panel: Number of observations performed by
Heliospheric Imagers: PSP/WISPR (in yellow), STA/HI-A (in blue), and SolO/SoloHI (in green). For SolO and PSP, the perihelion numbers starting from
2019 are indicated as P1–P8 and E2–E19, respectively.

FIGURE 2
Number of Field-of-View (FoV) overlaps between heliospheric imagers
(HIs) from 2019 onward, considering a half-hour cadence. Each count
corresponds to a detected overlap at a half-hour interval. Overlaps
between WISPR, HI-A, and SoloHI are shown in green; WISPR and HI-A
in blue; WISPR and SoloHI in orange; and HI-A and SoloHI in purple.
The blue line represents the number of CMEs over the same time
interval reported by the CDAW catalog.

SoloHI and HI-A) in yellow, and among all three instruments
(WISPR, HI-A, and SoloHI) in green.

The visualization enables quickly to identify which part of
the CME fluxrope might have been observed by the different
instruments and supports the user in qualifying the potential of
the observations for that event. In our analysis of overlapping FoV
areas, we focus exclusively on heliospheric imagers rather than

coronagraphs, as the former’s overlaps are generally larger and
more dynamic. This is particularly true for SoloHI and WISPR,
whose proximity to the Sun and rapid motion cause their FoVs
to shift constantly. By analyzing FoV overlaps, the tool highlights
regions where data from these imagers coincide, providing valuable
insights into transient events and small-scale structures in the
solar wind. Furthermore, heliospheric imaging serves as a critical
link between solar imaging and in situ measurements, enhancing
our understanding of solar wind evolution and its impact on
space weather.

Figure 5 displays the number of times CMEs were observed
within the overlapping FoVs of different instruments, using a
30-minute time cadence. To ensure that a good portion of the
CME is within the overlapping FoVs we check if the apex of
the CMEs contained in DONKI catalog is contained inside the
overlap of two or three HIs. We notice that starting from the
end of 2021, we have more transient events in the overlaps and
this is due to both the increasing activity of the Sun in the
ascending phase of the cycle and the increase in data availability
from the HIs.

2.3.1 CME catalogues description
The input parameters for the simulation of the CME

propagation are taken from DONKI, which is provided by the
Moon to Mars (M2M) Space Weather Analysis Office and hosted
by the Community Coordinated Modeling Center (CCMC).
The kinematic properties of the CMEs given in DONKI are
derived from coronagraph observations using the CME Analysis
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FIGURE 3
Example of CORHI-X spacecraft constellation and the associated observations by different HIs. In general, overlap areas equal or bigger to 0.05 AU2 or
larger typically provide good coverage of the CME in both instruments. (a) Spacecraft constellation of the CME on 25 March 2022 as it propagates
through the FoVs of SoloHI and HI-A at 14:00 UT. The overlapping FoV between the two instruments is 0.05 AU2. (b) Spacecraft constellation of the
CME on 24 September 2023 as it propagates through the FoVs of SoloHI and WISPR at 19:30 UT. The overlapping FoV between the two instruments is
0.14 AU2.

FIGURE 4
CORHI-X output plots derived by three different inputs on the example of the 11 September 2022 event (left and central figures) and 1 March 2022
(right figure). Left: Spacecraft constellation when the user selects the checkbox to propagate the CMEs in the HI-Geo catalog. Center: Spacecraft
constellation when the user selects the checkbox to propagate the CMEs in the DONKI catalog (see Section 2.3.1). Right: Spacecraft constellation
where CMEs are defined by the user (see Section 2.3.2). The area of the overlapping region (in yellow indicating overlap of two HIs’ FoVs and in green
of three HIs’ FoV) is reported in AU2.
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Tool of the Space Weather Prediction Center (SWPC CAT)5

(Millward et al., 2013). The ELliptical Evolution Model (ELEvo;
Möstl et al., 2015) is used to visualize the propagation of the
CMEs through the heliosphere. The ELEvo model assumes an
elliptical front for theCMEs and includes a simple drag-basedmodel
(Vršnak et al., 2013).

Specifically, for the propagation of the CME reported in the
DONKI catalog we use an ambient solar wind speed of 450 km
s−1, drag parameter γ = 0.15× 10−7 km−1, CME speed at 21.5 Rsun
from the catalog itself and number of propagation days Ndays =
13. In addition, the HIGeoCAT catalogue6 (Barnes et al., 2019) is
used, in which the kinematics of the CMEs are derived from HI-A
observations using geometric fitting techniques (Davies et al., 2013).
For the visualization, the CMEs are propagated linearly outward
as semicircles with a half-angle of 30°. We note that due to the
FoV of HI-A, HiGeoCAT has limited coverage of CME detection
compared to DONKI.

2.3.2 User defined CME input
Users also have the option to input self-definedCMEs,which can

be particularly useful when a CME of interest is not listed in existing
catalogs or when the user wishes to define custom parameters
for analysis. To facilitate this, CORHI-X allows parameter input
based on the Graduated Cylindrical Shell (GCS) model (GCS;
Thernisien et al., 2006). The GCS model describes the CME
geometry using three key parameters: κ, the aspect ratio; H0, the
height; and α, the half-angle, which together fully define the flux
rope’s structure. Additionally, the GCS reconstruction provides
the CME longitude in either Heliographic Stonyhurst (HGS) or
Carrington coordinates. The speed can be estimated by the user
based on the CME height at different times. CORHI-X allows
users to input κ, α, longitude in HGC, speed in km/s, and the
time at which the CME front appears at 21.5 Rs. This time
reference is then used by CORHI-X to determine the front’s height
evolution. The tool allows users to input up to six self-defined
CMEs. These CMEs are then propagated radially outward using a
simple drag-based model using the same estimates for the ambient
solar wind speed and drag parameter as for the CMEs given in
DONKI(see Section 2.3.1).

2.4 How to operate the app

Figure 6 shows a screenshot of the CORHI-X interface with
all the features embedded. Once the user starts the app through
the online version or the locally installed version (see Section 2.5),
the function starters collects all necessary information by
downloading files in the background for the observational dates
from all instruments as well as CME information from the different
catalogs. The availability of these supplementary files limit the
timeliness of the events and are automatically updated with a
cadence of 4 weeks. A timestamp below the generated plot shows
the last update of the data. With the appearance of the interface, the
user may start. First step is to choose a time window of interest by

5 https://ccmc.gsfc.nasa.gov/tools/SWPC-CAT.

6 https://www.helcats-fp7.eu/catalogues/wp3_cat.html

defining a date and interval (in days or hours) as well as the cadence
(30 min, one hour, two, six, or twelve hours). For visualization
and after each change in the input parameters press the button
“Generate the plots.”

Two options are available for the visualization of the data. Either
to plot the FoVs of all spacecraft and instruments simultaneously
by selecting the “Plot all S/C and all instruments FoV” option,
or they can select specific spacecraft and separately plot the
FoVs of coronagraphs and heliospheric imagers using the “Let
me select S/C and FoV” option. The user can also check the box
“Overlap FoVs” in order to visualize the shaded areas in yellow
and green, showing respectively the overlapping FoVs of two or
three heliospheric imagers. Otherwise, if “Overlap FoVs” is not
selected just the FoVs will be plotted when the data is available
in the archives. In this way, the user can decide its preferred
visualization. Additionally, the option “Draw connecting lines S/C-
Sun” allows to show a line connecting each spacecraft to the
Sun. It represents a purely geometrical connection between the
spacecraft and the Sun. Highlighting their distance could be useful
for the user, along with refining the estimate of which region of
the Sun was centrally located in the specific FoV to determine
the plane-of-sky. Importantly, this is not related to magnetic
connectivity.

Finally, the user has the possibility to add CMEs by selecting
a catalog with the checkboxes “Plot HI-GEO/SSEF catalog” and
“Plot DONKI/ELEvo catalog” (see Section 2.3.1) or by giving
a self-defined input with “Plot user CMEs” (see Section 2.3.2).
Specifically, the user is first asked to input the number of
CMEs to plot, and then for each CME the user will be
asked to give the GCS input parameters for the kinematics
calculation.

2.5 App availability

CORHI-X can be installed locally following the instructions
given in the Github repository7 and archived on Zenodo.8

The repository contains the source code of the app,
corhiexplorergithub.py, together with some example
outputs (videos, images and gif animations), as well as the logo
in different formats and colors. To run the app locally, the user
must create and activate the CORHI-X environment in Python
following the procedure listed on Github. Then the Python code
corhiexplorergithub.py can be run, using the command:
streamlit run corhiexplorergithub.py. The source code of
CORHI-X uses the package Streamlit to generate a graphical
interface to the Python function makeframe, which allows to
produce the spacecraft constellation using the inputs selected
by the user.

CORHI-X is also publicly available online through the
Streamlit Cloud,9 and can be accessed online also by those users

7 https://github.com/gretacappello/CORHI_X. This manuscript uses the

version v1.2 of CORHI-X.

8 https://doi.org/10.5281/zenodo.14970674. gretacappello_2025_

14970674.

9 https://corhix.streamlit.app/
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FIGURE 5
Number of times the apex of CMEs from the DONKI catalog was
observed within the overlapping FoVs of the different HIs. All overlaps
(WISPR, HI-A, SoloHI) are shown in green, WISPR and HI-A in blue,
WISPR and SoloHI are orange. HI-A and SoloHI in purple.

who do not want to install locally the environment’s app. In the
Github page, the user will find the latest link to the online version.
However, the usermight experience some limitationswith the online
version due to the restricted computational capacity of Streamlit
public apps. For this reason we strongly suggest to also install
CORHI-X locally.

In both the local and online versions, updates to the observation
dates of the different instruments and CME catalogs are accounted
for, as these files are stored in a Cloud, which the code accesses.
Therefore, whenever the app starts, it always downloads the latest
files from the Cloud. All the new version updates are reported in the
Github repository, and instructions are given on how to update the
package in a user-friendly way.

2.6 Discussion and Outlook

We developed an streamlit app for the Heliophysics community.
As discussed, CORHI-X enables users to facilitate their multi-
spacecraft studies by visualizing spacecraft constellations, CME
propagation, overlap between instrument FoVs, and finally data
availability. By streamlining the process of finding heliospheric
events, CORHI-X simplifies the analysis of solar phenomena,
making it an invaluable resource for researchers looking to enhance
their understanding of solar dynamics and exploit efficiently multi-
instrument studies.

In the future, new features could be included. For example:

(1) Covering in-situ measurements for linking CMEs detected
in image data and their locally measured plasma and
magnetic field parameters. In fact, information derived from
remote sensing image data are often combined with in-situ
measurements providing insights into the relationship between
large-scale properties of CMEs and localized plasma as well as
magnetic field characteristics.

(2) Extension to its 3D view. Specifically, as SolO goes out of
the ecliptic, a 3D version of CORHI-X is planned to cover
information from the meridional plane.

(3) Preview of white light data observatories, especially when an
overlapping FoV between at least two of them exist, might be
included to facilitate the user experience in the event selection.

In this regard, further analysis tools for image processing
might be integrated in CORHI-X. For example, the Python
package SITCoM (Udhwani et al., 2023) that uses a simple
radial gradient filter in the white light coronagraph images in
order to highlight dynamic structures.

(4) Inclusion of other catalogues of CMEs (in-situ and remote
sensing) depending on the needs and requests of the
users. For example, the HELIO4CAST catalog (Möstl et al.,
2017; 2020) lists interplanetary coronal mass ejections
(ICMEs) based on in situ magnetic field and bulk plasma
observations in the heliosphere. The SOHO LASCO CME
Catalog (Gopalswamy et al., 2024) contains manually
identified CMEs from the Large Angle and Spectrometric
Coronagraph (LASCO) aboard SOHO since 1996, while the
LLAMACoRe (Kay and Palmerio, 2024) catalog compiles
multiple 3D GCS reconstruction parameters of CMEs found
in the literature.

(5) Incorporate recent/future space missions equipped with
coronagraphs and heliospheric imagers in CORHI-X.
For example:
(i) Aditya-L1 (launched in September 2023, Seetha

and Megala (2017)) is India’s first space-based solar
observatory, providing continuous observations of the Sun
from the first Lagrangian point (L1). Among its remote
sensing instruments, it includes the Visible Emission
Line Coronagraph (VELC) which images the Corona
from 1.05 to 3 Rs. In a future update, CORHI-X will also
include VELC.

(ii) GOES-19 (Geostationary Operational Environmental
Satellite) launched in June 2024, which includes the
CCOR (Compact Coronagraph),10 providing continuous
observations of the solar corona, particularly in the context
of space weather monitoring and forecasting.

(iii) PROBA-3 (launched in December 2024; Shestov et al.
(2021)), carrying the ASPIICS (Association of Spacecraft
for Polarimetric and Imaging Investigation of the Corona
of the Sun; Renotte et al. (2014)) coronagraph, designed for
high-resolution observations of the solar corona through
an externally occulted setup (Shestov et al., 2021).

(iv) PUNCH (Polarimeter to UNify the Corona and
Heliosphere, Deforest et al., 2022), a NASA mission
launched in March 2025 consisting of four small satellites
in Earth orbit to bridge the observational gap between
the corona and heliosphere. From a remote-sensing
perspective, one of the four satellites is equipped with
the Narrow Field Imager (NFI), while the remaining three
with the Wide Field Imager (WFI).

(v) Vigil,11 a future ESA mission planned for launch in 2031
that will enhance heliospheric monitoring with its onboard
Heliospheric Imager (HI) and Compact Coronagraph
(CC), contributing continuous observations for space
weather forecasting from the Sun–Earth Lagrange 5 point.

10 https://www.goes-r.gov/spacesegment/CCOR.html

11 https://www.esa.int/Space_Safety/Vigil/Vigil_mission_overview
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FIGURE 6
Basic Features of CORHI-X: (1–3) Define initial date, time, and interval. (4) Set plot cadence (e.g., 30 min, 6 h). (5) Choose between plotting all
instruments/spacecraft or selecting specific spacecraft and FoVs. (6–8) Select spacecraft, coronagraph, and heliospheric imager FoVs. (9) Highlight
overlapping FoVs. (10) Draw Sun-spacecraft connecting lines. (11–13) Plot CMEs from HI-Geo, DONKI catalogs, or user input. (14) Number of user
CMEs. (15–17) Input CME parameters (e.g., k, α, longitude, speed). (18) Click “Generate the plot” to update visuals. (19) Download.gif option. (20)
Observation dates’ last update info.

These missions will provide crucial data that can be integrated
into CORHI-X, improving its capability to analyze and model CME
propagation with enhanced spatial and temporal coverage.
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