Multipoint Observations and Modeling of the 2021 November 4 Forbush Decrease Using
Solar Orbiter, CSES-01, and Ground-based Neutron Monitor Data
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During their propagation in the heliosphere, interplanetary coronal mass ejections (ICMEs)
interact with galactic cosmic ray (GCR) particles, modifying their spectrum and driving anisotropies.
We analyze the first large Forbush decrease (FD) of Solar Cycle 25 on 2021 November 3-5 by using
multipoint in situ observations and neutron monitors (including the Princess Sirindhorn Neutron
Monitor, PSNM, in Thailand - see Figure) to study the association between FD characteristics and the
ICME. We use the Grad-Shafranov reconstruction to infer the magnetic field configuration of the
ICME. We model the neutron monitor response through primary spectrum and anisotropy. The
primary spectrum is parameterized with the force-field approximation and the anisotropy is modeled
through a spherical harmonic expansion. We optimize the model parameters during the FD by using
ground-based observations provided by the worldwide neutron-monitor network. The model’s
results are compared with space-based measurements of the differential proton flux measured by
the High Energy Particle Detector (HEPD-01) on board the CSES-01 satellite and of the integral counts
of both HEPD-01 and the High Energy Telescope on board the Solar Orbiter. Anisotropy develops
during the ICME passage, within the magnetic flux rope (MFR), and is found to be bidirectional. The
force-field parameterization of the primary GCR fluxes based on ground-based measurements is
found to be in very good agreement with spacecraft observations in the sub-GeV range. The GCR
anisotropy obtained by fitting the model to ground-based observations is consistent with
interplanetary magnetic field observations. The results suggest that the local magnetic field has a
substantial axial component that is aligned to the MFR axis, and determines the GCR anisotropy at
the typical neutron monitor energies.

sewiansadeuiinudaleailes feuniuainlalsuiseninanuasgdt (interplanetary coronal
mass ejections; ICMEs) Ujduiusiveuniasidmeainainniuand (galactic cosmic rays; GCRs) Juday

awnesunazasiweulelglnilvesennia siasieinisanatiuunesyy (Forbush decrease; FD) 4119


https://doi.org/10.3847/1538-4357/add329
https://doi.org/10.3847/1538-4357/add329

ngjadausnvesindngdl 25 vesnsending sevinetuil 3-5 e, O e 2021 Teeldnsdanndudnann
Funieng 9 uazanesewmsniaianseu st talinseudsusslutsanalng  (Princess
Sirindhorn Neutron Monitor; PSNM siauwanalugy) WeRnwimReITesssninsauTRves FD uay ICME
Liﬂﬁ%ﬂauam%’ﬂ%’mwuﬂim—ﬁmmmamﬁamgﬂwaaqaumLL;J'mﬁffLu ICME 15791899ANUABUAUDIUDY
wiswnainiinseuseaUnasunazueuleleinsdvessidnoaiin TngldnnsUszanauuuaunLLs il
wisfimeslstaunafutiu waznsnszaeluamifalonsueindifiosassueulolelnsd 5w iwmesi
wangiigaszaring 0 Tngldantaniiulaniasinieodseiesmnainimsowilan  waonuuudasdld
Lﬁauﬁumamﬁmﬂé’ﬂsﬁawma%wulf?jaammaqmﬂiﬂimaﬂummﬁimm?laﬁm High Energy Particle
Detector (HEPD-01) Uuaatiin CSES-01 wazmstiuduiindavesiia HEPD-01 waz High Energy Telescope
UugueINe Solar Orbiter  fluaulelelnsUinduseninanissiiuves ICME aeludenildndusiman
(magnetic flux rope; MFR) uagnuinoymalvaluisaesiionis nmawiniwmeslsfuuvaumuuswedng
GCR 9 nMsiavuiufutiy denndasedsmunniunanisinlngeueania a wasumnii 1 Gev waulels
TnsUaes GCR Aldannisiinuuuiassiunanisinaniufuiy aenndostunanmsinaumudmsnsewing
MuAZT  watsuenawuwlmanindlaniedussnevddymuwny MFR Saimunweulolelnstues

GCR U NaIUNIALAELAT99 5 TnTnsau

2021-11-04 19:30

THU

80 9.5
60 7.6
5.7
— 40
\&5 p 138
e 20 &
&) 119
[ 0 ~
< §oo =
£ 20 =
t‘é -1.9
—
—40 -3.8
—60F . . —5.7
—80F__ o— DOMC \\\‘_ e 76

0 50 100 150 200 250 300 350
Longitude GSE (°)

Figure 10. Anisotropy map obtained at the closest approach to the MFR core
on November 4 at 19:30 UT. The colored dots indicate the asymptotic
directions of a subset of the NMs used in the study. The filled (empty) circle
indicates the parallel (antiparallel) direction to the MFR axis. The filled
(empty) triangle denotes the parallel (antiparallel) direction to the IMF.



